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TEOPETUYECKAA MEXAHUKA U EE INPUTTIOXXEHUA

YIK 621.896 + 06 DOI: 10.33979/2073-7408-2022-355-5-3-8

B.M. KHPUILIUEBA, M.A. MYKVYTAJI3E

MOBBIINEHUE N3HOCOCTOMKOCTH PAJIMAJIBHOI'O
HOJIIHMITHUKA C ITIOJIUMEPHBIM IIOKPBITUEM

AnHotanmsi. [Jenv ucciedosanusi — ycmanosneHue 3aKOHOMEPHOCMEN YCMOUYU8020 2UOPOOUHAMULECKO20
pexcuma 3a cuém HaHeceHus Ha ONOPHBIL NpoGuib Gmoponiacmcooepican,e2o KOMNOZUYUOHHO20 NOIUMEPHO2O0
mMamepuana.

Cmambusi nocesujena anaiu3y Mooeiu OBUNCEHUsL UCTNUHHO 8513K020 CMA30YHO20 Mamepuala 8 paboyem 3azope
PaouanbHo20 NOOWUNHUKA CKOAbIICEHUSL ¢ ONOPHbIM NPODUIEM, UMEIOWUM MAKICe HA ONOPHOU NOBEPXHOCMU
@moponnacmcodepoicaujee KOMROZUYUOHHOE NOTUMEPHOE NOKPbIMUE C KAHAGKOU.

Memoovl uccrnedosanus: npeonodiceHvl HOBble MOOENU, ONUCHIBAIOWUE OBUNCEHUE CMA3Z0YHO20 MAamepuand,
obnadaiowezo npu AAMUHAPHOM PENCUME OBUINCCHUS UCTHUHHO BAZKUMU PEOSIOSUECKUMU CBOUCMEAMU 8 NPUOTUIMCEHUU
0711 KMOHKO20 CLOSY, YPABHEHUE HEPA3PLIBHOCHU C YH4emOM 3A6UCUMOCIU 8513KOCMU OM OAGLeHUs, d AKHCE ONOPHO20
npohuis, umeroue2o NOIUMepPHOe NOKpblmue ¢ KaHaeKoll. Buimoinen cpasnumenvHulii aHAIU3 6HOBb NOJYYEHHbIX
PE3VILMAMO8 U Yoice UMEIOUUXCSL, NOOMBEPIHCOAIOWUL NPUOTUNCEHHOCTb NOTYYEHHOU MOOENU K PeanlbHOl NPAKMUKe.

Hosusna pabomel 3axmiouaemcst 8 pazpabomke MemooOuKU UHICEHEPHBIX PACUENO8 KOHCMPYKYUU PAOUATLHO2O0
HOOWUNHUKA CKONbIICEHUS] C NOTUMEPHbIM NOKPbIMUEM NPU HALUYUU KAHABKU, NO3GOJSIOWUX ONPeOelumb GeIUUUHY
OCHOBHBIX MPUOOMEXHUUECKUX NAPAMEMPOS.

B pesynbmame uccnedosanus 0ocmucHymo cyujecmeenHoe pacuiuperue 603MONCHOCMEU NPUMEHEHUs Ha
NPAKmMuKe pacuemmsix Mooeiel paoudibHO20 NOOWUNHUKA CKOIbICEHUS. C NOTUMEPHBIM NOKpbImMUeM, pabomaiowezo 6
SUOPOOUHAMUYECKOM PedNCUME CMA3LIGAHUS HA CMA304YHOM Mamepuane, 001a0aiowem npu JAMUHAPHOM pedcume
Meyenus: UCTMUHHO 6A3KUMU PEeONOSUYECKUMU CEOUCMBAMU, UMEIOWUM KAHABKY, NO360AI0Wee NPOBECmU OYEHKY
IKCHLYAMAYUOHHBIX — XAPAKMEPUCUK — NOOWUNHUKA:  GEIUYUHY  2UOPOOUHAMUYECKO20 — OAGLeHUs,  HAZPY30UHYIO
cnocobrocmuv u Kodhpuyuenm mpenus.

Buvisoowi:  koucmpyxkyusi paouaibHoeo ROOWUNHUKA C  IMOPONIACMCOOepHCAUM  AHMUDPUKYUOHHBIM
KOMNOZUYUOHHBIM NOTUMEPHBIM NOKPLIMUEM U KAHAGKOU WUPUHOU 3 MM 0Decneyuno cmabuibioe 6CHiblmue 6aid Ha
2UOPOOUHAMUYECKOM KIUHE, YMO IKCHEPUMEHMATbHO HOOMEEPOUIo NPAGUIbHOCb Pe3Ybmamos meopemuieckKux
UCCIe008aHUL.
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V.I. KIRISHCHIEVA, M.A. MUKUTADZE

INCREASING THE WEAR RESISTANCE OF A POLYMER-COATED
RADIAL BEARING

Abstract. The article is devoted to one of the important problems of increasing the wear resistance of
tribosystems by applying an antifriction polymer composite coating containing a groove that operates in a hydrodynamic
mode to the tribocontact surface. Based on the equation of the flow of a truly viscous liquid for a «thin layery and the
continuity equation, a self-similar solution was found, taking into account the groove and without taking into account the
groove, as a result, the velocity and pressure fields in the groove and on the surface of the polymer antifriction composite
coating were determined, as well as the load capacity and friction force, allowing to determine the increase in wear
resistance; an increase in the duration of the hydrodynamic regime. The results of numerical analysis of the obtained
theoretical calculation models and experimental evaluation of the proposed design are also presented in order to verify
and confirm the effectiveness of the obtained theoretical models.

Keywords: radial bearing, increased wear resistance, antifriction polymer composite coating, groove,
hydrodynamic mode, verification.
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B.A.T'OJIEHKOB, A.H. KAHAHOB, H.A. KAHAHOB

OCOBEHHOCTH 3AKAJIKA KPYIIHOI'ABAPUTHBIX BAJIKOB
NHAYKIOWUOHHBIM CITIOCOBOM

AHHOTaNUA. B cmamve paccmompenvl 0cobeHHOCMU NPOMEKAHUS INEKMPOPUIULECKUX NPOYECCO8 8
KPYNHO2AOAPUMHBIX CMATbHbIX YUIUHOPUYECKUX BAIKAX NPU 3AKATIKE UX NOGEPXHOCMEU UHOYKYUOHHBIM CHOCOOOM.
Toxazana 3a6ucumocme 2nyOuUHbl NPOKAIUBAEMO20 CNOL OM YACMOMbL MOKA UCMOYHUKA NUMAHUS UHOYKYUOHHOU
VCMAHOBKU, YOEIbHOU MOWHOCMU U USMEHEHUs 91eKmpogusuiecKue CEOUCMEa HAZpesaeMoll Cmaiu 6 npoyecce
Hazpesa. Ycmanosneno, 4mo KuHemuka UHOYKYUOHHOU 3AKAJKU CMANU XAPAKMepU3yemcs He MOoabKo Gopmou
MepMU4ecKol Kpueot U CKOpPOCMbIO HAzpesd, HO MAKdce 3a8UCUm U OM MHO2UX (Pakmopos, Komopwvie no psoy
XapakmepHuix NpU3HaKos obveouneHvl 6 0se epynnvl. Paccmompena ¢usuxa npoyecca pacmeopenus kapouoos u
hazoevix npespawenutl, 05 XAPAKMEPHbIX MOYEK MeMNepamypHoll KpUgoil Hazpesa cmau npu UHOYKYUOHHOU 3aKaKe.
Kpamko paccmompena unOyKyuonnas ycmamoska O1si ROCIEO08AMENbHO HENPEPBIGHOU 3aKAIKU NOBEPXHOCHEl
CManvHbix demanell YuruHopuieckou gopmuvl cuabacennas IBM, pabomaioweii ¢ pesicume «Cogemuux onepamopa
3aKANOYHOU YCMAHOBKUY 00ECneyusaruemM He MONbKO NOSbleHUe IHEP2odIPpexmusnocmu e€é pabomovi, HO U
yayuwarouell Kaiecmeo 3aKaiku NO8EPXHOCMU KPYNHO2ADAPUMHBIX CINANbHBIX 8AIKOS.

KaroueBsle cioBa: 3axkanxa, UHOYKYUOHHBIN CHOCOO, KPYNHO2AOApUMHbIE CMATbHbIE YUAUHOPUYECKUE BANIKU,
2nYOUHA NPOKANUBAEMO20 CI0sI, YOETbHAS MOWHOCMb, MEPMULECKAs KPUBAs, CKOPOCMb HA2pesa, deKmpousuyeckue
ceolcmea cmanu, nocie008amenbHO HeNnPePbIGHAs 3aKAIKA, COBEMUUK ONePamopa 3aKAI0YHOU YCMAHOBKU.
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V.A. GOLENKOV, A.N. KACHANOV, N.A. KACHANOV

FEATURES OF HARDENING OF LARGE ROLLS
BY THE INDUCTION METHOD

Abstract. The article discusses the features of the flow of electrophysical processes in large-sized steel
cylindrical rolls during hardening of their surfaces by induction. The dependence of the depth of the hardened layer on
the frequency of the current of the power source of the induction installation, power density and changes in the electrical
properties of the heated steel during heating is shown. It has been established that the kinetics of induction hardening of
steel is characterized not only by the shape of the thermal curve and the heating rate, but also depends on many factors,
which, according to a number of characteristic features, are combined into two groups. The physics of the process of
dissolution of carbides and phase transformations is considered for the characteristic points of the temperature curve of
steel heating during induction hardening. An induction installation for sequentially continuous hardening of surfaces of
steel parts of a cylindrical shape, equipped with a computer operating in the “Hardening Plant Operator’s Advisor”
mode, which not only improves the energy efficiency of its operation, but also improves the quality of hardening of the
surface of large steel rolls, is briefly considered.

Keywords: hardening, induction method, large steel cylindrical rolls, depth of the hardened layer, power
density, thermal curve, heating rate, electrophysical properties of steel, successively continuous hardening, hardening
plant operator's adviser.

BIBLIOGRAPHY

1. Babat, G.I. Induction heating of metals and its industrial application [Text] / G.I. Babat. The second edition,
revised and supplemented, - M.-L.: Energy, 1965. - 552 p.

2. Shepelyakovsky, K.Z. Hardening of machine parts by surface hardening during induction heating [Text] / K.Z.
Shepelyakovsky. // - M., Mashinostroenie, 1972. - 288 p.

3. Kachanov, N.N. Hardenability of steel [Text] / N.N. Kachanov. - M., Metallurgy, 1978. - 192 p.

4. Slukhotsky, A.E. Inductors for induction heating [Text]/A.E. Slukhotsky, S. E. Ryskin. - L.: Energy, 1974. -
264 p.

5. Kachanov, A.N. Automated control system for the process of induction hardening of rolls of rolling mills
[Text] / AN. Kachanov, E.A. Mironov // Proceedings of the XVII International Scientific and Practical Conference
(December 2 - 4, 2019) / Under. ed. doc. tech. sciences, prof. O.V. Pilipenko, Dr. tech. sciences, prof. A.N. Kachanova,
Dr. tech. sciences, prof. Yu.S. Stepanova. - Eagle: OSU named after 1.S. Turgenev), 2019. - P. 129-133.

6. Kachanov, A.N. Induction hardening of large rolls of rolling mills [Text] / A.N. Kachanov, E.A. Mironov,
V.A. Timokhin // Innovative prospects of Donbass, Donetsk, May 21-23, 2019. - Donetsk: DonNTU, 2019. Proceedings
of the 5th International Scientific and Practical Conference. V.2: 2. Prospects for the development of electrical,
electromechanical and energy-saving systems. pp. 17-22.

7. Slukhotsky, A.E. Inductors [Text] / A.E. Slukhotsky.//Ed. A.N. Shamova - 5th ed., revised. and additional -
L.: Mechanical engineering. Leningrad. dept. 1989. - 69 p.

8. Golovin, G.F. Technology of heat treatment of metals using induction heating. [Text] / G.F. Golovin, N.V.
Zimin. //-4th ed., revised. and additional. - L.: Mechanical engineering. Leningrad. dept. 1979. - 120 p.

9. Kachanov, A.N. Induction device for hardening the steel roll of the Duo-Quarto rolling mill [Text] / A.N.
Kachanov, E.A. Mironov.// - Energy and resource saving - XXI century: materials of the X VI international scientific and
practical conference / Under. ed. doc. tech. sciences, prof. O.V. Pilipenko, Dr. tech. sciences, prof. A.N. Kachanova, Dr.
tech. sciences, prof. Yu.S. Stepanova. - Eagle: OSU named after 1.S. Turgenev), 2018. - S. §7-90.

Kachanov Alexander Nikolaevich
FSBEI HE "Oryol State University.

Golenkov Vyacheslav Alexandrovich Kachanov Nikolay Aleksandrovich

JSC "Oreloblenergo", deputy head of



Federal State Budgetary Educational
Institution of Higher Education "Oryol
State University. [.S. Turgenev,

Doctor of Technical Sciences, Professor,
Head of the Scientific School.

302020, Orel, Naugorskoye highway, 29
tel. 8 (4862) 43 26 06

e-mail: president@ostu.ru 29

L.S. Turgenev "

Doctor of Technical Sciences,
Professor, Academician of the AEN
of the Russian Federation, Head of
the Department of Electrical
Equipment and Energy Saving
302020, Orel, Naugorskoye shosse,

production service ATiRZ
302020, Orel, pl. Polikarpov, 8,
tel. 8 (4862) 54 11 67.

tel. 8 (4862) 41 98 53.
e-mail: kan@ostu.ru

YK 621.794

© I'onenxoB B.A., Kauanos A.H., Kauanos H.A., 2022

DOI: 10.33979/2073-7408-2022-355-5-16-27

B.JI. KOBAJIEB, B.II. TAHKOB, C.1O0. PAJJYEHKO, B.I1. TEPACMOB

JKAPOCTOUKHUE IMOKPBITHSI JIOIIATOK TYPBUH
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V.D. KOVALEV, V.P. PANKOV, S.Y. RADCHENKO, V.P. GERASIMOV

HEAT-RESISTANT COATINGS OF TURBINE BLADES OF AVIATION
GAS TURBINE ENGINES

Abstract. Studies of the multilayer heat—protective coating of turbine blades of aviation gas turbine engines
have been carried out and the requirements for the composition, structure, durability of its components — alloy, thermal
barrier layer, binder coating, thermally grown oxide, ceramic surface coating — have been substantiated.

Keywords: gas turbine engine, heat-resistant alloy, turbine blade, coating, thermal barrier layer, binder
coating, durability.
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E.B. MUIIIEHKO, B.5I. MUIIIEHKO, A.C. IIEYYPHH,
M.IL. IIEPBAKOBA, JI.B. BEPE3VHA

NCCIEAOBAHUE CAD MOIEJIM MAHUITYJIATOPA C ITIOMOIIBIO
CAD TRANSLATION U SIMSCAPE MULTIBODY



AHHOTanMsI. Paccmompersl 603MOANCHOCIU QUHAMUYECK020 ucciedosanuss CAD-modenu manunyismopa nocie
nepesooa eé¢ 6 Simscape Multibody c¢ nomowwio CAD Translation. I[lpusedenvt pe3yrvmamvt MOOEAUPOBAHUSL.
Onucannwlii NOOX00 K MOOEIUPOBAHUIO NO3BOJISIEN 8OCAPOU3BECMU OUHAMUKY PEATbHO20 (PUULECKO20 00beKmA.

KawueBble cioBa: modenuposanue  manunyismopa, —ynpaeienwue — manunyasmopom, CAD-moldenw
manunyasmopa, CAD-mpancaamop, Simscape Multibody.
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E.V. MISHCHENKO, V.YA. MISHCHENKO, A.S. PECHURIN,
M.P. SHCHERBAKOVA, L.V. BEREZINA

MANIPULATOR CAD MODEL STUDYING WITH CAD TRANSLATION
AND SIMSCAPE MULTIBODY

Abstract. The possibilities of the dynamic research of the manipulator CAD-model after its translation into
Simscape Multibody using CAD Translation are considered. The results of the simulation are presented. The described
approach to modeling allows you to reproduce the dynamics of a real physical object.

Keywords: manipulator modeling, manipulator control, manipulator CAD model, CAD translator, Simscape
Multibody.
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P.H. IIOJIZIKOB, N.H. CTEBAKOB, A.C. ®PETHNCOB, 10.H. KASAKOB

IMPOT'PAMMHOE OBECHIEYEHME /)11 JTUATHOCTUKHA POTOPHOM
CUCTEMBI B PEXKUME PEAJIBHOI'O BPEMEHU

AHHOTAUMSA. Memoobl UCKYCCMBEHHO20 UHMELIEKMA YCHeUIHO NPUMEHSemcs 6 00AACmuU MOHUMOPUH2A U
OUAZHOCMUKU COCMOAHUA MawuH. B Oannoti cmamwve paccmampueaemcs npobiema pacno3HA8AHUS COCMOSHULL
pomoprot mauuHsl. bvin nposeden sxcnepumenm no uccied08aHul0 GIUSAHUSL OUCOANAHCA POMOPA HA NOKA3AHU
damuuxos. Ilo pezyremamam sxcnepumenma Ovlia 00yHeHa NOMHOCEA3HASL UCKYCCMBEHHAs. HEUPOHHAs cemb OJisl
PACNO3HABAHU COCMOSIHULL POMOPHOU Mawunbl. B kauecmee 6x00HbIX OaHHbIX 0151 00YYeHUs Heupocemu
UCNONB308AIUCH NOKA3AHUSL AKCEEPOMempPO8 U OamyuKo8 NPUbIUNCEHUs. 3aNUCAHHbIE NPU PA3IUYHBIX COCMOSHUSX
cucmemvi. Ha ocrnose nonyuennot mooenu 0vi10 peaiu308ano Npocpammnoe obecneyerue s OUA2HOCMUKU POMOPHOU
MAWIUHLL 8  pedXcuMe peaibHo20 epemenu. Tecmuposanue npocpammHo20 00ecneyeHus NOKA3al0 MOYHOCMb
ouaznocmuxu 0o 100%.

KiioueBble CJI0BA: Memoobl UCKYCCMEECHHO20 UHMELLIEKMd, PACNO3HABAHUE, OedeKnmbl POMOPHOU MAUUNbL,
OHAATH OUASHOCMUKA, HEUPOHHbLE CeMiL.
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npu gunancoeoii noooeprcke Munucmepcmea nayku u gvicuieco oopazoeanusn Poccuiickou @edepayuu 6 pamxax
npoekma «Co3danue uyugposoii cucmemvl MOHUMOPUHZA, OUAZHOCMUKU U RPOZHOZUPOBAHUA COCHOAHUA
MeXHUUECK020 060py006anus c NpUMeHeHueM MexXHOI02UN UCKYCCMBEHN020 UHMeIeKma Ha Oa3e ome4ecmeeHHbIX
Annapamubix u RPOZPaAmMMHbIX cpeocmer, Coznauienue Ne075-11-2021-043 om 25.06.2021 2.

CIIMCOK JIMTEPATYPBbI

1. bonsuckuit E.B., Pynenko O.I'. ckyccTBeHHbIE HEHPOHHBIE CETH: apXUTEKTYpPHI, 00ydeHNe, IPUMEHEHUSI.
Xapsbkos: Tene-tex, 2004. 369 c.

2. BbopoBkos, A. U., Psaoos, 10. A., MapyceBa, B. M. «YMHbIe» nU(pPOBBIE IBOWHHKH — OCHOBa HOBOH
napajurmsl HH(QPOBOr0 MPOCKTUPOBAHUS M MOZAEIMPOBAHUS TII0OAIBHO KOHKYPEHTOCIIOCOOHOW NMPOAYKIMU HOBOT'O
nokonenus // TpammmH x ycnexy. Lludposas skonomuka 3Hanuil. M3narensckuit jom MOU, 2018 C. 13-17. (nara
obparenus 20.07.2019)

3. Al-Raheem Khalid F. Application of the Laplace-wavelet combined with ANN for rolling bearing fault
diagnosis / Al-Raheem Khalid F. [at al.] // Trans. ASME. J. Vibr. and Acoust. - 2008. - Vol. 130, Ne 5. - P. 051007/1-
051007/9.

4. Mingliang Bai, Jinfu Liu, Anomaly detection of gas turbines based on normal pattern extraction, Applied
Thermal Engineering, in press, 114664.

5. Kingma D. P., Lei BaJ. ADAM: A METHOD FOR STOCHASTIC OPTIMIZATION.

6. Kumar A. u ap. Improved deep convolution neural network (CNN) for the identification of defects in the
centrifugal pump using acoustic images // Applied Acoustics. 2020. T. 167. C. 107399.

7. Liu R. u gp. Artificial intelligence for fault diagnosis of rotating machinery: A review // Mech Syst Signal
Process. 2018. T. 108. C. 33-47.

8. Stebakov I. m ap. Fault diagnosis systems for rotating machines operating with fluid-film bearings //
Proceedings of the Institution of Mechanical Engineers, Part J: Journal of Engineering Tribology. 2022. T. 1. Ne 2.

9. Zhang K. u nip. A hybrid attention improved ResNet based fault diagnosis method of wind turbines gearbox //
Measurement. 2021. T. 179. C. 109491.

10. Engineer Ambitiously - NI [Qmextponnsrtii pecypc]. URL: https://www.ni.com/ro-ro.html (gata obpamenns:
05.09.2022).

11. ReLU — PyTorch 1.12 documentation [DnexrponHbIit pecypc]. URL:
https://pytorch.org/docs/stable/generated/torch.nn.ReLU.html (nara obpamenus: 05.09.2022).

12. Softmax — PyTorch 1.12 documentation [DnexkrponHbI pecypcl. URL:
https://pytorch.org/docs/stable/generated/torch.nn.Softmax.html (zata obpamenus: 05.09.2022).

13. CrossEntropyLoss —  PyTorch  1.12  documentation = [OnextponHsiii  pecypc].  URL:

https://pytorch.org/docs/stable/generated/torch.nn.CrossEntropyLoss.html (nara oopamienus: 05.09.2022).

14. Welcome to Python.org [Onexrtponnsiii pecypc]. URL: https://www.python.org/ (mata oOparueHwus:
05.09.2022).

15. PyTorch [Dnekrponnsiit pecypce]. URL: https://pytorch.org/ (nata oopamenus: 06.11.2021).

16. NI-DAQmx  Download - NI  [Omektponnsiii  pecypc]. URL:  https://www.ni.com/ro-
ro/support/downloads/drivers/download.ni-dagmx.html#460239 (nara obpamenus: 05.09.2022).

Ne 5 (355) 2022 13




MaTtepuaJibl MEKITYHAPOAHO HAYYHO-TEXHUYECKOI KOH(epeHUNH

17. Welcome to wxPython! | wxPython [Onekrponnsiii pecypc]. URL: https://www.wxpython.org/ (mara
obpamenus: 05.09.2022).

IonsikoB Poman Hukonaesuu Crebaxos UBan Hukonaesnu

OI'bOY BO «OT'Y umenu U.C. Typrenesay, OI'bOY BO «OpnoBckuil rocy1apcTBEHHBIH

JOKTOp TEXH. HayK, 3aB. KaeApOii MEXaTPOHHKA, yausepcureT uMenu U.C. Typrenesay, r Opén
MEXaHUKa U POOOTOTEXHUKA Acnupanr, miaaumuii Hayunbiil cotpyaauk HOLJ
302020, r.Opén, Hayropckoe mocce, 29 «/HTEIIeKTYa IbHBIX TEXHOJOTHI MOHUTOPHHTA U
Ten. +79038819381 JIMATHOCTHKH HEPTOTCHEPUPYIOMIETO 000PYIOBAHUS
E-mail: romanpolak@mail.ru 302020, r. Opein, Hayropckoe mocce, 29

Texn. 8 953 618 08-66
E-mail: chester50796(@yandex.ru

®etucoB Ajnexcanap CepreeBu4 Kazaxos IOpuii HukonaeBu4

®dI'BOY BO «OI'Y umenu U.C. Typrenesay, T. Open ®OI'BOY BO «OpiioBckuii TOCyIapCTBEHHBIN
MJIaaIui HayqaHbId cotpyaauk HOLJ yauBepcuteT umenn M.C. Typrenesa», T Opén
«VHTEIeKTyaIbHBIE TEXHOIOTUH MOHUTOPUHTA 1 Crynenrt, craxep—uccienosarens HOLL

JIUAarHOCTHKH SHEPrOTeHEPUPYIOMIEro 000PYI0BaHMS» «VIHTEIIeKTyaIbHBIX TEXHOJIOTHII MOHUTOPHHTA H
302020, r.Opén, Hayropckoe mocce, 29 JIMATHOCTHKH HEPTOTCHEPUPYIOMIETO 000PYIOBAHUS
E-mail: fetisov57rus@mail.ru 302020, r. Opein, Hayropckoe mocce, 29

Ten. 8 920 089 47-19
E-mail: kazakyurii@yandex.ru

R.N. POLYAKOV, LN. STEBAKOV, A.S. FETISOV, Yu. N. KAZAKOV

SOFTWARE FOR ROTOR SYSTEM DIAGNOSIS IN REAL TIME

Abstract. Artificial intelligence methods are successfully used in the field of monitoring and diagnosing the state
of machines. This article deals with the problem of recognizing the states of a rotary machine. An experiment was
conducted to study the effect of rotor imbalance on the readings of the sensors. Based on the results of the experiment, a
fully connected artificial neural network was trained to recognize the states of a rotary machine. The readings of
accelerometers and proximity sensors recorded under various system states were used as input data for training the
neural network. On the basis of the obtained model, software for real-time diagnostics of the rotary machine was
implemented. Sofiware testing showed diagnostic accuracy up to 100%.

Keywords: artificial intelligence methods, recognition, rotor machine defects, online diagnostics, neural
networks.
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A.10. POOUYEB, P.H. IIOJIIKOB, 1.B. POJUYEBA, M.A. TOKMAKOBA

MOJAEJIUPOBAHHUE POTOPHO OITIOPHOTI'O Y3JIA
C YHPABJISEMbBIM KOHUYECKHUM ITOAIIMNITHUKOM

AHHOTanMsl. B cmamve paccmampueaiomcs 3aKOHOMEPHOCMU USMEHEHUsT MEXHUYEeCKO20 COCHOSHUA
azpe2amos, Y3108, MEXAHU3ZMOG U UX CUCMeM onpedeisiowue 3ampamvl pecypcos U Homepu, CEsI3aHHble C
nooodepacanuem pabomocnocoOHOCMuU MeXHOII02UYeCKo2o 0bopyoosanus. Ilpednodcena npunyunuanbHas cxema
KOHUYECKO20 NOOWUNHUKA ~CKONbICEHUs ¢ ynpasisdemvimMu xapaxmepucmuxamu. I[lpeocmasnena u onucaua
NPUHYURUATbHAS ~ CXeMd  ONOPHO20 Y314 €  KOHUYECKUM  NOOWUNHUKOM  CKOJbICEHUS C  YAPABIAEeMbIMU
Xapaxmepucmukamu. 3anucana Mamemamuyeckas Mooeib CMA304H020 CNIOSL ROOUUNHUKA CKOTbIICEHUSL, OCHOBAHHAS HA
yucienHom peuwteHuu ypasuenus Peiinonvoca. Ilpusedena pacuemuas cxema pomopHo-0nOpHOZ0 Y3id MeXampoHHO20
KOHUYECKO20 NOOWUNHUKA —CKOMbICEHUs. ¢ usmeHsemvim 3a30pom. Copmynuposano ypasHnenue pezpeccuu
noanogakmopnozo xcnepumenma. Ilonyuena 3a6UCUMOCMb  UBMEHEHUS GEIUYUMbL  3A30paA  MedHCOy ONOPHOU
HOBEPXHOCMbIO NOOWURHUKA U pomopom. Iloryueno noomeepacoenue adekeamHOCMU MOOeU U NOTYYEHHOe
peapeccuonHoe ypasHetue 00CManoyHo MOYHO ORUCLIBAEM GIUsIHUE (PAKMOPOE HA USMEHEHUE BETUYUHBL 3A30PA MENCOY
ONOPHOU NOBEPXHOCMBIO NOOWUNHUKA U POMOPOM 6 3A6UCUMOCIU ONl PA3HO20 NONOICEHUS KOHUYECKOU ONOPHOU
NOBEPXHOCMU NOOWUNHUKA, OUAMEMPA POMOPA U YACHOMbL 8PAUEHUSI POMOPA.

KawueBble ci10oBa: mooenuposanue, ROOUUNHUK, CKOIbICEHUE, NOBEPXHOCMb, USHOC, 3A30D.
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MeXHUUecK020 060py00eanus c npUMeHeHueM MexXHOI02UN UCKYCCMBEHN020 UHMeIeKma Ha Oa3e ome4ecmeHHbIX
annapamuvlx u npozpammusix cpeocme», Coznawenue Ne075-11-2021-043 om 25.06.2021 ..
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A.Yu. RODICHEV, R.N. POLYAKOV, 1.V. RODICHEVA., M. A. TOKMAKOVA

SIMULATION OF A ROTOR SUPPORT ASSEMBLY
WITH PILOT CONICAL BEARING

Abstract. The article discusses the patterns of changes in the technical condition of aggregates, assemblies,
mechanisms and their systems that determine the cost of resources and losses associated with maintaining the operability
of technological equipment. A schematic diagram of a tapered sliding bearing with controllable characteristics is
proposed. A schematic diagram of a support unit with a conical sliding bearing with controllable characteristics is
presented and described. A mathematical model of the lubricating layer of a sliding bearing based on the numerical
solution of the Reynolds equation is recorded. The design scheme of the rotor-bearing assembly of a mechatronic tapered
sliding bearing with a variable clearance is given. The regression equation of a full-factorial experiment is formulated.
The dependence of the change in the size of the gap between the bearing bearing surface and the rotor is obtained. The
adequacy of the model has been confirmed and the regression equation obtained accurately describes the influence of
factors on the change in the size of the gap between the bearing support surface and the rotor depending on the different
position of the conical bearing support surface, the rotor diameter and the rotor speed.

Keywords: modeling, bearing, sliding, surface, wear, clearance.
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M.35. BOHIAPEHKO, P.H. I[I0JISIKOB, A.B. 'OPUH, B.A. IIO3HAKOBA

KOMBI/IHI/IPOBA..HHBIPI MOJUIUITHUKOBBIN Y3EJ
C IBMEHSIEMBIMHU KECTKOCTHBIMU U JEMII®UPYIOIIIUMHA
XAPAKTEPUCTUKAMM

AnHotanusi. [logviuienue MmowHocmu U 9QPHeKMUBHOCMU HOBbIX paA3PAOAMbIBAEMbIX  8PAUAIOUUXCS
MEXAHUBMO8 HEPA3PBIBHO CBA3AHO C POCMOM UX CKOpocmell spaujeHusi u obujeeo ypoens subpayuu. Jlenecmroswvie
2a300uHamMudecKue NOOWUNHUKY UMeIom OObWUUTI NPUOPUMEM NPUMEHEHUSL 8 BbICOKOCKOPOCHIHbIX MEXAHUZMAX 8 BUOY
UX NPAKMUYECKU HeOSPAHUYEHHOU NpedeibHOU ObICIPOXOOHOCMIU, OMCYMCMEUS OONOTHUMENbHOU CUCTNeMbl CMA3KU,
HU3KUX NOMepb MOWHOCTU HA mpeHuu u m.o. Tem He MeHee NOGblULIeHHOe MpeHUe U HU3KAA 2PY30N00bEMHOCMb 8 Nepuoo
NYCcKa-ocmManosa A6saemcs npoodremoll 015 0aabHelue20 NPUMeHeHUs 1enecmKO8bIX 2a300UHAMUYECKUX NOOWUNHUKOS.
Hccnedoyemas 6 pabome KomMOuHUposamHas onopa 6xkmouaem 8 cebsa NOOWUNHUK KAdeHUs, J1enecmKosbill
2a300UHAMUYECKUl NOOWUNHUK U AKMYamopbl. AKmMyamopsl N03601A10M 8 npoyecce padomul NepeKaryamscsa ¢ 00H020
8U0A NOOWUNHUKA HA OPY20U, A MAKdHCe YNPABIAMb 3a30POM NeNeCmK08020 2A300UHAMUYECKO20 NOOWUNHUKA, USMEHA
QuHamuyeckue xapaxmepucmuxu onopuvl 6 yeiom. Ha 6aze uccredyemoii onopel paspabomarn 3KcnepumenmanbHulil
cmeno 05 u3y4eHuss OUHAMUYecKux xapakmepucmuk. bviia nocmpoena mamemamuyeckas mooens onopul, KOmopas
HOOMBEPIHCOCHA Pe3yTbMAMAaMU IKCNEPUMEHMOB.

KaroueBsle cioBa: sicecmrxocmos, demnuposanue, KOMOUHUPOBAHHASL ONOPA, IKCHEPUMEHMANLHBLI CIMEHO.
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M.E. BONDARENKO, R.N. POLYAKOV, A.V. GORIN, V.A. POZDNIAKOVA

COMBINED BEARING ASSEMBLY WITH VARIABLE HARDNESS
AND DAMPING CHARACTERISTICS

Abstract. Increasing the power and efficiency of newly developed rotating mechanisms is inextricably linked
with the growth of their rotation speeds and the overall level of vibration. Gas dynamic petal bearings have a higher
priority for use in high-speed mechanisms due to their practically unlimited maximum speed, the absence of an additional
lubrication system, low frictional power losses, etc. However, increased friction and low load capacity during the start-
stop period is a problem for the further use of gas dynamic petal bearings. The combined support investigated in the work
includes a rolling bearing, a gas-dynamic petal bearing and actuators. Actuators make it possible to switch from one type
of bearing to another during operation, as well as to control the gap of the gas-dynamic petal bearing, changing the
dynamic characteristics of the support as a whole. On the basis of the investigated support, an experimental stand was
developed to study the dynamic characteristics. A mathematical model of the support was built, which was confirmed by
the results of experiments.

Keywords: stiffness, damping, hybrid bearing, test rig.
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A.A. AOOHUH, A.C. CYJIAKOB, M.I1I. MAAMO, H.A. ITATIOBAJIOB

O HEKOTOPBIX BOITPOCAX HOCTPOEHUMA AJI'OPUTMA .
HAYAJIBHOU BBICTABKH BECINIAT®OPMEHHOU NHHEPIIUAJIBHOM
HABUT'AIIMOHHOU CUCTEMbI

AnHoTtaumusi. Cnocobnvie K aemoHOMHOU pabome Oecniam@popmenHvie UHEPYUATbHBIE HABUAYUOHHbLE
cucmembl OMHOCAMCA K OCHOBHBIM CPEOCHEAM PeuleHsl 3a0ay OPUEeHMAayuy U HAGU2ayUY COBPEMEHHbIX NeMaAMenbHbLX
annapamos. s ux HOpMAnvHOU pabomul 00A3AMENbHOU AGNAEMCs Npoyedypa HAYanbHOU 8bicmasku. B pabome
paccmompensl yco8epuLenCmeo8attble aleopumMsl HAYANbHOU GbICMABKU MAKUX CUCIEM, HPOBOOUMb KOMOPYIO
npeonazaemcs 6 08a dMana 60 epems CIosAHKU JemamenvHo2o annapama. OcobenHocms aneopummos cocmouim 6 mom,
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MaTtepuaJibl MEKITYHAPOAHO HAYYHO-TEXHUYECKOI KOH(epeHUNH

UMO HAYATILHASL BLICMABKA NPOUCXOOUM 8 3eMHOU IKEAMOPUATLHOU (SPUHBUUCKOLL) cucmeMme KOOPOUHAm, UCHOIb3YeMOU
HasueayuoHHOU cucmemoll 6 kavecmee 6azogou. CHauana ocywecmeaisiemcs npoyedypa «2pyooi» HauaibHoU 8bICIABKU,
BbINONIHAEMOU NO NAPAMEMPAM OPUEHMAYUU MeMOOOM BEKMOPHO20 CO2NACOBAHUS HA OCHOBAHUU YCPEOHEHHbIX
NOKA3AHUL UHEPYUATLHO20 USMEPUMETbHO20 OA0KA 3a HeOOMLUWOU NPOMENCYMOK epemenu. 3amem, ciedyem
npeyusuoHHas npoyedypa «MOYHOU» HAUANLHOU BbLICIABKU, AGIAIOWAACH PA3ZHOBUOHOCIBIO ANCOPUMMA KOMNIEKCHOU
HagueayuonHol cucmemvl. IIpu 5mom npoucxooum ymouHeHue HAYaibHbIX RAPAMEMPOs OPUSHMAYUU U HABU2AYUl, d
MaKdice OYeHKA U KOPPEeKYusk CUCMEMAMUIECKUX OUUOOK UHEPYUATbHBIX OAMYUKOB.

KawueBble ciioBa: Oecniamgopmennas UHEPYUATbHASE HABULAYUOHHASL CUCMEMd, HAYAIbHASL 6bICMAGKA,
napamempul OpueHmayuly, areOpUmm 6eKmMopHo2o coznacosanus, punomp Kaimana.
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ABOUT SOME ISSUES IN THE DEVELOPMENT OF INITIAL
ALIGNMENT ALGORITHM FOR STRAPDOWN INERTIAL NAVIGATION
SYSTEM

Abstract. Autonomous strapdown inertial navigation systems are per se one of the most used means to solve
modern aircraft orientation and navigation problem. For their normal operation, the initial alignment procedure is
mandatory. The paper proposes improved algorithms for the initial alignment of such systems, which are supposed to be
carried out in two stages during aircraft parking. These algorithms use Earth equatorial (Greenwich) coordinate system,
which is used by the navigation system as the base one. First, the “coarse” initial alignment procedure is carried out
according to the vector matching method based on the average readings of the inertial measuring unit over a short period
of time. Then the “precise” initial alignment procedure takes place, and it is in fact a kind of the integrated navigation
system algorithm. The main privilege of these algorithms, as this paper shows, is that the initial orientation and navigation
parameters are refined, as well as the assessment and correction of inertial sensors systematic errors.

Keywords: strapdown inertial navigation system, initial alignment, attitude parameters, vector matching
algorithm, Kalman filter.
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B.1. KOPOJIb, M.B. JIAHKHH, H.1. TOPGATEHKO

PET'PECCHUOHHAA MOJIEJIb ITOT'PEHNTHOCTHU ONNPEJAEJIEHUA
PA3/INYUA MEXAY AIINMIPOKCUMHUPOBAHHBIMHU KPUBBIMU

AnHoTauusi. Cmamoes noceaujena 6vlO0pY ONMUMANLHBIX NAPAMEMPO8 ANNPOKCUMAYUU UMRYIbCOS8
HanpAa3ceHus 08 HAX0HCOeHUsl pasiudus mexcoy Humu. Buvlibop npoussoduics na ocHoge nocmpoeHHoU pecpeccuoHHol
MoOenu NocpeutHocmu onpeoeieHus pasiudus 08yxX annpoKCUMUPOBAHHBIX UMNYIbCO8 HANPANCEHUS, NPUTONCEHHO20 K
HamazHuuusaowemy nocmosHuvid macnum (IIM) unoykmopy, om eauslowux Ha 3my nocpewHocms gaxmopos. B
Kauecmee GIUANWUX (DAKMOPos Obliu blOpaHbl: Koauuecmeo kodg@uyuenmos pasioxcenus beccena-Dypve u
KOIU4eCcmao mouex, UCNOoab3yemoe npu nOCMpoeHul annpoKCUMUpyouje2o eblpaxceHus. JKcnepumenmanbhbie OaHHble
8 6UOe KPUBLIX HANPANCEHUS, NPUTOICEHHO20 K UHOYKIOPY, NOJYYEHbl 8 Pe3yabmame MOOeAUPOSaHus: d1eKmpudecKux
npoyeccos 6 cpede Micro-Cap, cmamucmuueckas obpabomka npogoounace 6 cpede Statistica ¢ npumeHeHuem
OPMO2OHANLHO2O YEHMPATbHO-KOMNO3UYUOHHO20 NIaHA. B pesyibmame ucciedosanus Obiiu NOIyYeHbl YPAGHEHUS
pezpeccuu 0 PU3UYECKUX U KOOUPOBAHHBIX 3HAUEHUT U 8bIOPANbL ONMUMATbHbIE NAPAMEMPbL ANNPOKCUMAYUU.

KuioueBble cl10Ba: noCmOsHHbIIL MAZHUM, PecpecCUOHHAs MoOenb, paziodicenue Pypve-beccens, annpokcumayus,
UMAYTIbC, Pakmopbl, QYHKYUS, KPUBAS, UMNYILC, HOSPEUHOCTIb.

CIIMCOK JIMTEPATYPBbI

1. Lankin A.M., Lankin M.V., Naugolnov O.A. Approximation of family basic magnetization curves of the
magnetic electrical devices for the solution of inverse problems of the diagnostics // B coopnuke: Procedia Engineering.
— 2016. - C. 1020-1026.

2. 3y6o B.W. ®yuknuu beccens // YaedHo-MeToandeckoe mocodue. M.: MOTH, 2007. — C. 40.

3. Kopenes b.I'. BBenenue B Teopuro 6ecceneBbix Gpynkmmii / M.: Hayka, 1971. — 288 c.

4. Kopoms B.M., Jlamkua M.B., Jlamkma A.M. Meton ompenereHnss MAarHUTHBIX XapaKTEPUCTHK
BBICOKOKOIPILUTUBHBIX TIOCTOSTHHBIX MArHUTOB C IPUMEHEHHEM BeliBiieT-npeodpaszoBanus // mxeHepHsIit BecTHUK J[oHa,
2021, Ne 6, URL: http://www.ivdon.ru/uploads/article/pdf/IVD_5 6 Korol Lankin Lankin.pdf 41e278648c.pdf

5. Gladkikh S., Lankin A. and Lankin I. Processing Method for Complex Characteristics of Electromagnetic
Devices // 2022 International Conference on Industrial Engineering, Applications and Manufacturing (ICIEAM). — 2022.
— pp. 670-674, doi: 9.1109/ICIEAM54945.2022.9787123.

6. Gladkikh S., Lankin A. and Naugolnov O. Complementary Assembly Method for Reducing Energy and
Resource Consumption in the Production of Electromagnetic Drives // 2021 International Conference on Industrial
Engineering, Applications and Manufacturing (ICIEAM). - 2021. - pp. 876-880, doi:
10.1109/ICIEAMS51226.2021.9446298.

7. Amennaa MLA., Amenun C.A. [Iporpamma cxeMoTeXHUUECKOTo MonenupoBanus Micro-Cap. Bepcuu 9, 10 //
Cmonenck, Cmonenckuit pumman HUY MOU. — 2012. — 617 c.

8. Kopons B.1., Jlankun .M. Annpokcumanus 3aBUCUMOCTEN HaNpsKeHUS OT BPEMEHH METOI0M Pa3IOKEHUS
curHaiuoB B psasl beccens-Dypoe // Marepuansl MexayHapoJHOH MOJIOAEKHONW HAYYHO-TIPAKTUUECKON KOH(PEPECHIUH.
Hosouepkacck. — 2022. — C. 32-35.

9. CunnsieB H.U. Teopus muiaHupoBaHUs SKCIIEPUMEHTA U aHAIM3 CTATUCTUYECKUX MaHHBIX // M.: IOpaiT. —
2019. - 49c.

10. Makapuue 1O.A., BannukoB FO.H. Metoapl MmiaHHUpOBaHUS dKCIIEpPUMEHTa M 00pabOTKH MaHHBIX //
Camapa, CI'TY, 2016. - 132 c.

11. Boposuxos B.I1. STATISTICA. HckycctBo ananmuisa naHubIx Ha kommstotepe // CITB.: TTurep. — 2003. — 688 c.

Kopoan Banepuii UBanoBuY JlankuH Muxauna Bragumuposnu  I'opOarenxo Huxonaii UBanoBn4
IOPITIY (HITN) um. M.W. [TnatoBa, IOPITIY (HIIN) um. M.W. ITnatoBa, FOPTTIY (HIIN) um. M.U. I1natosa,
r. HoBouepkacck r. HoBouepkacck r. HoBouepkacck

AcnmpaHT, acCHCTEHT Kadeaps KanguoaTt TeXHUYECKHUX HAYK, JIOKTOp TeXHHMYECKUX HAYK,

NUCT noreHt kadenpst MMUCT 3aeayromuit kapenpoit UUCT
346428, PocToBcKas 00JI., 346428, PocToBcKas 0011, 346428, PocToBcKas 0011,

r. HoBouepkacck, yi. ITpocselenus, r. HoBouepxacck, yi. [Ipocemienus, r. Hoouepxacck, yi. [Ipocemienus,
132 132 132

Ten. +7(928)760-32-83 Ten. +7(918) 523-59-89 Ten. +7(863)525-52-40

E-mail: corolvalera@yandex.ru E-mail: delete60@rambler.ru E-mail: iit@srstu.novoch.ru

V.I. KOROL, M.V. LANKIN, N.I. GORBATENKO

REGRESSION MODEL OF THE ERROR IN DETERMINING
THE DIFFERENCE BETWEEN THE APPROXIMATED CURVES



Abstract. The article is devoted to the selection of optimal parameters for the approximation of voltage pulses
to find the difference between them. The choice was made on the basis of the constructed regression model of the error
in determining the difference between two approximated voltage pulses applied to a permanent magnet (PM) inductor
from factors affecting this error. The following factors were selected as influencing factors: the number of coefficients of
the Bessel-Fourier expansion and the number of points used in the construction of the approximating expression.
Experimental data in the form of voltage curves applied to the inductor were obtained as a result of modeling electrical
processes in the Micro-Cap environment, statistical processing was carried out in the Statistica environment using an
orthogonal central composite plan. As a result of the study, regression equations for physical and coded values were
obtained and optimal approximation parameters were selected.

Keywords: permanent magnet, regression model, Fourier-Bessel decomposition, approximation, momentum, factors,
function, curve, momentum, error.
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MATEMATHYECKOE MOJEJUPOBAHUE )KU3HEHHOT O LINKJIA
COVID-19, OBHAPYKEHHOI'O HA OCHOBE CBEPTOYHOM
HEWMPOHHOM CETHU

AnHotanmst. [landemus pecnupamopnoeo cunopoma-2 (SARS-CoV-2) - coyuanvroe sgnenue, okaszvleaioujee
paspyuiumensHoe 8030elcmaue Ha 300posve U bnacononyuue Haceienus nianemol. /s d¢h@dekmusnozo visaenenus u
npunsmus pewenusi o xooe aevenus COVID - 19 mpebyemcs KonuuecmeeHHblll U KA4eCMEEeHHbIN AHAIU3 Pe3YIbmMamos
9KCHepuMeHma, Komopulli npu  OOCMAMOYHO — OONLUOM — KOJIUHeCmEe UCHLIMAHULL  NO360UM  NOCMPOUNtb
NPOSHOCMUYECKUE OYEHKU U NOLYYUMb HA OCHOBE (YYHOAMEHMANbHBIX MeopeM meopul 6eposimHOCIel YRPAassiouwue
xkoagp@uyuenmovr OcHosuvim Hanpaeienuem 6 6opvoe ¢ COVID-19 sgnsemcs penmeeHonocudeckoe uUcciedo8anue
2PYOHOIL KIemKiL, Ha OCHOBE KOMOPO20 NPOBOOUMCSL NOUCK BU3YATbHBIX UHOUKAMOPOS, C8A3AHHBIX C GUPYCHOU UHeKyuel
SARS-CoV-2. Jina 6onee noanozo onucanus senenuss COVID-19 npednosiceno npedcmasums pazeumue 3a001e8aHUs
nepuoodam, KOIU4eCmeeHHol OYeHKOL KOMOPbIX AGNSENCsl 6ePOIMHOCIb UX nosigienus. [lpu pewenuu pexomenooeano
paccmompentv KOMROZUYUY CLYHAUHBIX GETUYUH, B03MOICHOCTIb UCONb306AHUSL PAIUYHBIX 3AKOHO8 UX PACTPedeieHUs,
umo daem 60.Jiee peanibHO ONUCAMb NPOYECC Pa3BUMuUs 3a001e6aHUSL.

Ipu nocmpoenuu mamemamuyeckot modenu dscuznennozo yukia COVID-19, obuapysicennozo Ha ocHoge
CBEPMOYHOU HEUPOHHOU cemu N0 OAHHbIM PEHM2EHOBCKUX CHUMKOS ZPYOHOU KIemKu, ObLia NpuHsama sunomesda o
NOKA3AMENbHOM 3AKOHE pacnpedeneHuss CIyuyaunvix eenuyu. IIpednooscennoe uccredosanue passumus COVID-19
NO360AULO NOTYUUMb KOIUHECMEEHHYIO UHPOPMAYUIO O NEPUOOAM PA3BUMUsL 3a001e6aHUsl, OCHOBBIBAACH HA AHANU3E
6EPOSIMHOCMEN U NIOMHOCMEl 6EPOSMHOCEN HAXONCOCHUS 8 PA3TUYHBIX CIAOUSX 3a00NE8ANHUSL U UX NEPEXOD08.

Jlononnumenvhvle KOMUYECMBEHHbIE OUEHKU NO3GOJSION ONMUMUUPOBAMb NPOYECC NeYeHUsl, NOBbICUMb
aghghexmusHocmv ynpasnenus 1edeOHbIMU YUPeHCOeHUIMU, UHAHCOBBIMU NOCMYNIEHUIMU.

KuroueBble ciaoBa: COVID-19, ckpunune, penmeenocpamma epyonou kiemku, COVID-Net, @yuxyus
NIOMHOCIU 8EPOSIMHOCIU, (DYHKYUSL pAChpedesieHusl, 3aKOHbl PACHPedeNeHUsl CYYAlHOL 6eIUYUHbI, HEeUPOHHAs cemb,
CBEPMOYHAsL HEUPOHHAS CeMb.
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M.Y. MIKHEEV, S.V. KOLESNIKOVA, A.V. PUSHKAREVA, T.Y. MAMELINA

MATHEMATICAL MODELING OF COVID-19 LIFE CYCLE DETECTED
ON THE BASIS OF CONVOLUTIONAL NEURAL NETWORK

Abstract. The respiratory syndrome-2 (SARS-CoV-2) pandemic is a social phenomenon affecting the health and
well-being of the world's population. To calculate the calculation and decide on the course of treatment for COVID-19,
a quantitative and qualitative analysis of the results of the experiment is required, which, in a sufficiently large number
of cases, allows us to build prognostic estimates and obtain control coefficients based on the basic principles of
probability theory.

The main focus in the fight against COVID-19 is chest x-ray, which is based on the search for visual indicators
associated with SARS-CoV-2 viral infection. For a more complete description of the COVID-19 phenomenon, it is
proposed to present the development of the disease to periods, the quantitative assessment of which is the probability of
their occurrence. When deciding, it is recommended to consider the composition of random variables, the possibility of
using different laws of their distribution, which makes it possible to more realistically describe the process of disease
development.

When constructing a mathematical model of the life cycle of COVID-19, detected on the basis of a convolutional
neural network based on chest x-ray data, the hypothesis of an exponential distribution of random variables was adopted.
The proposed study of the development of COVID-19 made it possible to obtain quantitative information on the periods
of development of the disease, based on the analysis of the probabilities and probability densities of being in various
stages of the disease and their transitions.

Additional quantitative assessments allow optimizing the treatment process, increasing the efficiency of
managing medical institutions and financial receipts.

Keywords: COVID-19, chest X ray, COVID-Net, distribution of random variables, probability density function,
lung damage, convolutional neural network.
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C4Y. HI'VEH, A.B. OBUMHHHKOB

AJITOPUTM U CTPYKTYPHASI CXEMA CUCTEMBI ®A30BOM
CUHXPOHUM3BALIMU 'EHEPATOPOB C JIYM CUTI'HAJIOM



AnHotanust. [Ipeonoosicern memoo pazool CUHXPOHUZAYUU C UCNOAL30BAHUEM 30HOUPYIOUE20 CUSHANA C
JuHetiHou yacmomuou mooyaayuei (JIYM). Paccuumarnvl cOOMHOWIEHUS CUCHAN-UWYM HA GbIX00€ CO2NACOBAHHO2O
Gunvmpa npuémnuxa JIYM cucnana u ycmaHnoeneHo GnusHue e20 Ha MOYHOCMb usmepenus ¢haszvl. Pazpabomanvl
aneopumm u CmpyKmypHas cxema cucmemvl pazo80ii CUHXPOHUZAYUU, peanu3yioujell npeonodHCeHHbIl Memoo.

KuroueBbie cinoBa: JIYM cuenan, (hazoeas CUHXpOHUZAYUSA, CUCEMA MOHUMOPUH2A.
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X.TR. NGUYEN, A.V. OVCHINNIKOV

ALGORITHM AND STRUCTURAL DIAGRAM OF THE PHASE
SYNCHRONIZATION SYSTEM OF GENERATORS WITH LFM SIGNAL

Abstract. A method of phase synchronization using a probing signal with linear frequency modulation (LFM)
is proposed. The signal-to-noise ratio at the output of the matched filter of the LFM signal receiver is calculated and its
influence on the accuracy of the phase measurement is established. An algorithm and a block diagram of the phase
synchronization system that implements the proposed method have been developed.

Keywords: LFM signal, phase synchronization, monitoring system.
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NCHOJb30BAHUE QYHKHI{IOHAJII)HOFI MOJAEJIA IDEFO0
JJIsA PACUETA PUCKOB

AHHOTAUMA. B pabome usyyena npobrema ucnonvzosauus memooosoeuu IDEF0 ons pacuemog puckos.
Paspaboman nooxo0 k ucnonvzosanuro @yuxyuonavuoti modenu IDEF0 npu pacueme puckos O0ns cemu
B3AUMOCEA3AHHBIX U B3AUMOOCUCMBYIOUUX NPOYECCO8, OCHOBAHHBIL HA KOMHIEKCHOM AHAIU3e Cemu NpOYeccos
NPeOnpusimust ¢ Yeivblo Npeodpaz08amHust Ces3ell «8X00», «(YNPAGIEHUEY, (BbIX00», «MEXAHUMY» 6 CUCTEMY YDAGHEeHUl
seposmuocmeil. H3yuenvl 0cobeHHOCMU NpUMeHeHUs. OAHH020 N00X00d, CEA3AHHble C HATUYUEM OOPAMHbIX CesA3ell
medxncoy onoxamu IDEF0 ouacpammur npoyecca. ITlpednosicenuviti nooxo0 pazeum ua npumepe oboowennon IDEF0-
Mooenu desmenvHocmu npeonpusmusi. Ilonyuensl pe3ynomamsl IKCNEPUMEHMATbHOZO0 UCCIEO08AHUS PA3PABOMAHHO20
nooxooa, noomeepaicoaoujue e2o NPUMEHUMOCHb 8 chepe Yeleso2o YNpasieHus 8 001acmu Kavecmsea npeonpusimusl.
Co30anHblil NOOX00 AGNAEMCS UHCIMPYMEHMOM OJis NOOO0EPIUCKU (POPMUPOBAHUST FIKCNEPMHOU OYEHKU 6epOSmMHOCHell
Hecoomeemcemeutll npu pacieme puckog. Ilpednodcennvle paspabomru Mo2ym 6bims Noie3Hvl KaK Oia Npeonpusmui,
0CYWecmeNIAWUX 8bINYCK NPOOYKYULU, MAK U 051 HAYYHBIX PAOOMHUKOS, U3YUAIOWUX NPOOTIeMbL, CEA3AHHbIE C PACUEmoM
PUCKO8.

KiwoueBble c10Ba: puck, yHKYUOHATbHOE MOOEUPO8anue, codvblmue, 8eposimHoCb.
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O.V. ANIKEEVA, A.A. ZHILYAEV, A.G. IVAKHNENKO,
O.V.ISLAMOVA, V.N. KOZLOVSKY

USING THE IDEF0 FUNCTIONAL MODEL TO CALCULATE RISKS

Abstract. The paper examines the problem of using the IDEF0 methodology for risk calculations. An approach
to the use of the IDEFO functional model in calculating risks for a network of interconnected and interacting processes
has been developed, based on a comprehensive analysis of the enterprise process network in order to transform the
"input", "management”, "output", "mechanism" relationships into a system of probability equations. The features of the
application of this approach related to the presence of feedbacks between the blocks of the IDEF( process diagram are
studied. The proposed approach is developed on the example of a generalized IDEF0-model of enterprise activity. The
results of an experimental study of the developed approach have been obtained, confirming its applicability in the field
of target management in the field of enterprise quality. The created approach is a tool to support the formation of an
expert assessment of the probabilities of inconsistencies in the calculation of risks. The proposed developments can be
useful both for enterprises engaged in the production of products and for researchers studying problems related to the
calculation of risks.

Keywords: risk, functional modeling, event, probability.
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AN. HE3HAHOB, K.B. IOJIMACTEPBLEB, O.A. CYCJIOB

AHAJIN3 BO3MOKHOCTHU UBMEPEHHUA BOJTHOOBPA3HbBIX
HEPOBHOCTEM NPU KOHTPOJIE KEJIE3HOJOPOXHOI'O IYTHU
C IIOMOIbIO JATUYUKA YIJVIA, YCTAHOBJIEHHOI'O
HA TEJIEKKE BAI'OHA

AHHoTanusi. Paccmompenvt amnaumyouvie u ¢hazogvle xapaxmepucmukuy Xopooewix u 6ecxopiosvix cucmem
usMepenusi 8OTHOOOPA3HLIX HEPOGHOCHIEN JHCENe3HOOOPOICHO20 NYMU 8 RPOOOLbHOM Npoghuie npu KOHmMpone e20
cocmosinus. I[Ipednodicen cnocob yryyuenus yKa3auuvlx Xapakmepucmux ¢ NOMOWbIO KOPPEKMupyowux QyHKyuil, 0is
KOMOPbIX NOJYYEHbl COOMBEMCmeyrwue mamemamuieckue evipaxcenus. Ilokazana 603MONCHOCHMb O0CMUdICEHUs
bonvutell MOYHOCIU UBMEPEHUS AMIIUMYObl U MeCMA PACHOLOHCEHUS. 60THOOOPAZHOU HEPOBHOCMU NYMU C HOMOWBIO
6ecxopdosoll cucmembvl HA OCHOBE MENENHCKU 2PY308020 8420HA U MUKPOMEXAHULECKO20 OAMYUKA Yend No CPAGHEHUIO C
XOPO0BOIL CUCMEMOU USMEDEHUSL.

KnroueBble cJI0Ba: 0icene3HO00POIICHbIU NYyMb, HEPOGHOCMb NYymu, 0ecxopoosasi cucmema uUMepeHus,
AMIIUMYOHAst XAPAKMEPUCMUKA, (Pa306as Xapakmepucmurka, 0amuux yeid.

«Hccneoosanue evinonneno npu guuancoeoii noooepycke POOU, HTY «Cupuycy, OAO «PK/1» u
Oopaszosamenvnozo @onoa «Tananm u ycnex» ¢ pamkax Hayunozo npoexma Ne 20-38-51018»
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A.I. NEZNANOV, K.V. PODMASTEREV, O.A. SUSLOV

ANALYSIS OF THE POSSIBILITY OF MEASURING WAVE-LIKE
RAILWAY TRACK IRREGULARITIES WITH CONTROL METHOD
USING AN ANGLE SENSOR INSTALLED ON A WAGON BOGIE

Abstract. The amplitude and phase characteristics of chordal and chordless systems for measuring undulating
irregularities of a railway track in a longitudinal profile while monitoring its condition are considered. A method is
proposed for improving these characteristics using corrective functions, for which the corresponding mathematical
expressions are obtained. The possibility of achieving greater accuracy in measuring the amplitude and location of the
undulating track roughness using a chordless system based on a freight car bogie and a micromechanical angle sensor
compared to a chordal measuring system is shown.

Keywords: railway track, track roughness, chordless measurement system, amplitude characteristic, phase
characteristic, angle sensor.
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B.1IO. IABPUHEHKO, B.M. YTEHKOB, A.A. MOJIHAHOB, P.P. IIIAT'AJIEEB, H.A. JAHI'

3KCHEPUMEHTAJIbHBIE UCCJIEJOBAHUS BUBPAILIUI T'PYHTA
ITPU OCAJIKE U 'HBKE HA MOJIOTAX

AHHOTAUMA. B cmambe npusedenvl pe3yibmamvl IKCHEPUMEHMATLHBIX UCCIe008AHUL NPOYECCO8 0CAOKU U
2ubke Ha moaomax. Yemanoeneno ygeauuenue npoooriCumenrbHoOCmu yOoapHo2o 0eghopmuposanus, yeeauieHue cmenenu
depopmayuu 3a20MoOBOK Npu 0caoke U YMeHbUEHUE Yead YPYe020 NPYICUHEeHUs. npu 2udke, a makodice yMeHblieHue
subpayuii cpynma npu ocaoke u 2ubKu npu UCHOIL308AHUU OAOLL MOJIOMA C HANOTHUMENLEM 8 6UOE CINATbHLIX UAPUKOB
N0 CPasHeHuio co cmanoapmuol 6aboi moioma.

CHuoicenue subpayuil npu pabome Ha KOGOYHbIX, WUMAMNOBOUHBIX U TUCMOUWMAMNOBOUHBIX MOIOMAX NO360IUM
VAYYUWUMb YCI08USL paOOmMbl Ha 000PYO08AHUU U CHU3UMb HeDIA20NPUsMHble 8030eUCMEUs HA NEPCOHAIL.

KnwueBble €a0Ba: ocadka, 2ubKa, KOBOUHbIL U WMAMNOBOYHbIL MOIOM, JTUCMOUWMAMNOBOYHBIL MOIOM,
yoapHoe deghopmuposarue, 6aba MOIOMA C HANOJIHUMENLEM, GUOPAYUL SPYHMA.
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V.Yu. LAVRINENKO, V.M. UTENCOV, A A. MOLCHANOV, R.R. SHAGALEEV, N.A. DANG

EXPERIMENTAL RESEARCH OF GROUND VIBRATIONS DURING
UPSETTING AND BENDING ON HAMMERS

Abstract. The results of experimental studies of the processes of upsetting and bending on hammers are
presented. An increase in the duration of impact deformation, an increase of the degree of deformation of the workpieces
during upsetting and a decrease of the angle of elastic springback during bending, as well as a decrease of ground
vibrations during upsetting and bending when using a hammer head with a fillers in the form of steel balls compared to
a standard hammer head were established. Reducing vibrations when working on forging, stamping and sheet-forming
hammers will improve working conditions on equipment and reduce adverse effects on personnel.

Keywords: upsettimg, bending, drop forning hammer, sheet-forming hammers, impact forming, hammer head
with fillers, ground vibrations.
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A.O. XAPYEHKO, A.A. XAPUEHKO, E.A. BIIAJIELIKAA

INOBBIIIEHUE DPPEKTUBHOCTHU ®OPMUPOBAHUSA PE3bbBbI
IIPU N3I'OTOBJIEHUHN MEJIKOPASMEPHBIX IVTACTHYECKH
AE®@OPMUPYIOIIINX METYUKOB

AHHOTAamMsl. B cmamve npedcmasneHvl pe3yabMamvl  UCCAEO08AHUL 8 HANPAGIEHUU NOBbIULEHUS.
apgpexmusnocmu  npoyecca u320mogieHus pe3vOvl  paboueli HaAcmuU MEIKOPAZMEPHLIX ~MEMUYUKO8 MemoOOM
naacmuiecko2o doepopmuposanus. OCHOBHOU NPUHUHOT, COEPAHCUBAIOUEN WIUPOKOE 6HeOpeHUe Memodd NAACMUYeCKoU
depopmayuu 01 NOAYYEHUS GHYMPEHHUX Pe3bO MATbIX OuamMempos, AGIAemcs OelUCmeylowas mexHoI02usl
useomosieHus: pe3bh068020 NPOPUIsL HA MemYUKAX, KOMopas He 8ce20d obecnedugaem HOPMAMUBHYIO CMOUKOCHb
UHCMPYMEHMA U KA4ecmeo NOJYYAeMblX GHYMPEeHHUX pe3vh. B smoil ceészu 6onpocwl cozdanus 3pghexmuenoi
MexHoN02UU U 000PYO0BAHUS 0151 U320MOBGLEHUSI MENTKOPA3ZMEPHBIX MEMYUKO8 MEMOO0OM HAACMUYECKO20 HOoPMUPOBAUs
pe3bobl ux paboueil yacmu AGIAEMCs AKMYalbHOU 3a0ayell, pewenue KOmopoll CéA3aH0 ¢ NOJIYHYeHUEM 3HAYUMENbHO20
IKOHOMUHECKO20 ddeKkma 3a cuem NOGblUeHUs. NPOU3BOOUMETbHOCMU 00pabOmMKY U YIVHUIeHUsl Kaiecmed
uncmpymenma. B cmamve paccmompenvr u  npoananusupoeamvl 0COOEHHOCMU MEXHONO2UU U NPOYECcCOo8
Gopmoobpazosanus MeIKopasmMepHviX pe3vbd, MeXHOIo2UHeCKUe XApaKkmepucmuku MmMemooos ux oobpabomku,
B03MOJICHOCIU UCTIONb30BAHUSL NPOYECCO8 HAKAMBIBAHUS HAPYICHBIX pe3bh HaA paboyell NOBepXHOCMU MeMmUYUKOs.



Pexomendosana npoepeccusnas mexnonro2us u 060pyooeanue O UX peanu3ayuil ¢ y4emom Onbimd, HAKONJIEHHO2O0
uccnedogamenamu u paspabomuuxamu 6 mot ooaacmu. IIpeonosxcennas mMexHoro2us U30MOGICHUS MEMYUKO8
obecneuusaem 6bICOKYI0 MOYHOCMb U mEepoocmb pabouei uacmu uxcmpymenma. Ilpu smom mpydoemxocme
UB20MOGLECHUSL €20 CYUJeCMBEECHHO HUJCe, YeM N0 CYUeCTYIOuell MexHoL02uu, CIOUMOCHb NPUMEPHO HA NOPAOOK
MeHbUle CIOUMOCIU MEMHYUKOE CO WIUPOBAHHBIM PE3bO08bIM NPOPUAEM, & HPOUHOCH U CIOUKOCTb — SHAYUMENbHO
sblue npu obpabomre pesvObl 8 0eMANAX U3 KOHCMPYKYUOHHBIX, KOPPOUOHHO-CIOUKUX, HCAPONPOUHBIX Cmael,
YBEMHBIX U MUMAHOBLIX CNIAGOS.

KiroueBble ciioBa: menkopasmepHas pe3vOoobpabomka, 6HYMpeHHssi pe3vba, paboudas — 4acmo
METKOPA3MEPHBIX MEMYUKOS, NIACMUYECKU deopMupyoujue Memuuky, HaKamvl8aHUe HAPYICHBIX Pe3bb, aKCUATbHAA
Pe3bOOHAKAMHASA 20JI06KA, CMOUKOCHb POJIUKOE, MEXHONIO2USL U320MOBNICHUs MemYUKd, mepMuieckas oopabomxa.
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A.O. KHARCHENKO, A.A. KHARCHENKO, E.A. VLADETSKAYA

INCREASING THE EFFICIENCY OF THREAD FORMING
IN THE MANUFACTURE OF SMALL-SIZED PLASTIC
DEFORMING TAPS

Abstract. The article presents the results of research in the direction of increasing the efficiency of the process
of manufacturing the thread of the working part of small-sized taps by the method of plastic deformation. The main reason
hindering the widespread introduction of the plastic deformation method for obtaining internal threads of small diameters
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is the current technology for manufacturing a threaded profile on taps, which does not always ensure the standard tool
life and the quality of the resulting internal threads. In this regard, the issues of creating an effective technology and
equipment for the manufacture of small-sized taps by the method of plastic thread formation of their working part is an
urgent task, the solution of which is associated with obtaining a significant economic effect by increasing the productivity
of processing and improving the quality of the tool. The article considers and analyzes the features of the technology and
processes of forming small-sized threads, the technological characteristics of their processing methods, the possibility of
using the processes of rolling external threads on the working surface of taps. Progressive technology and equipment for
their implementation is recommended, taking into account the experience gained by researchers and developers in this
field. The proposed manufacturing technology of taps provides high accuracy and hardness of the working part of the
tool. At the same time, the labor intensity of its manufacture is significantly lower than according to the existing
technology, the cost is approximately an order of magnitude less than the cost of taps with a ground threaded profile, and
strength and durability are much higher when threading in parts made of structural, corrosion-resistant, heat-resistant
steels, non-ferrous and titanium alloys.

Keywords: small-size threading, internal thread, working part of small-size taps, plastically deforming taps,
external thread rolling, axial thread rolling head, roller durability, tap manufacturing technology, heat treatment.

BIBLIOGRAPHY

1. Menshakov V.M. Besstruzhechnye metchiki (Unstructured taps) / V.M. Menshakov, G.P. Urlapov, V.S.
Sereda. — M.: Mashinostroyeniye, 1976. — 167 s.

2. Matveyev V.V. Narezaniye tochnykh rez'b (Precision thread cutting) /V.V. Matveyev. — M.: Mash-
inostroyeniye, 1978. — 88 s.

3. Miropol'skiy Yu.A. Nakatyvaniye rez'b i profiley (Rolling threads and profiles) / Yu.A. Miropol'skiy, E.P.
Lugovoy. — M.: Mashinostroyeniye, 1976. — 178 s.

4. Ryzhov E.V. Raskatyvaniye rez'b (Thread rolling) / E.V. Ryzhov, O.S. Andreychikov, A.E. Steshkov. — M.:
Mashinostroenie, 1974. — 122 s.

5. Frumin Yu.L. Vysokoproizvoditel'nyy rez'boobrazuyushchiy instrument (High-performance thread-forming
tool) / Yu.L. Frumin. — M.: Mashinostroyeniye, 1977. — 183 s.

6. Yakukhin V.G. Optimal'naya tekhnologiya izgotovleniya rez'b (Optimal thread manufacturing technology)
/ V.G. Yakukhin. — M.: Mashinostroyeniye, 1985. — 184 s.

7. Bratan S.M. Povysheniye tochnosti formoobra-zovaniya melkorazmernykh rez'b metchikami v al-
yuminiyevykh splavakh: monografiya (Improving the accuracy of forming small-sized threads with taps in aluminum
alloys) / S.M. Bratan, F.N. Kanareyev, P.A. Novikov, A.O. Kharchenko. — M.: Vuzovskiy uchebnik: INFRA-M, 2017. —
164 s.

8. A. Kharchenko, Progressive threading of small holes based on mechanisms of parallel structures (MPS),
Materials Today: Proceedings, Volume 38, Part 4. (2021), pp. 2038-2042. DOI:10.1016/j.matpr.2020.10.040.

9. A. Kharchenko, Investigation of the Operational and Technological Reliability of the Small-size Internal
Threading Process Materials Research Proceedings 21 (2022) 410-420, Volume 21, (2022), pp. 410-420. DOI:
10.21741/9781644901755-69.

10. Kharchenko A.O. Analiz i sintez struktur sovremennykh mnogooperatsionnykh stankov: praktikum
(Analysis and synthesis of the structures of modern multioperational machines: practical) / A.O. Kharchenko, S.M.
Bratan, Ye.A. Vladetskaya, S.I. Roshchupkin. — M.: Tsentrkatalog, 2018. — 144 s.

11. Kharchenko A.O. Patentovedeniye i izobretatel'stvo. Praktikum (Patenting and invention. Workshop) /A.O.
Kharchenko, A.G. Karlov, A.A. Kharchenko, K.N. Osipov. — M.: Tsentrkatalog, 2018. — 112 s.

12. Kharchenko A.O. Praktikum po nauchno-issledovatel’skoy deyatel'nosti v mashinostroyenii (Workshop on
research activities in mechanical engineering) / A.O. Kharchenko, S.M. Bratan, A.A. Kharchenko, Ye.A. Vladetskaya.
— M.: Tsentrkatalog, 2022. — 288 s.

Kharchenko Alexander Olegovich Kharchenko Andrey Aleksandrovich Vladetskaya Ekaterina Aleksandrovna

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

Ph.D., professor of the department Ph.D., Associate Professor of Ph.D., assistant professor of the
"Technology of mechanical " Automobile Transport" department "Technology of mechanical
engineering" 299053, Sevastopol, engineering"

299053, Sevastopol, Universitetskaya  Universitetskaya St., 33 299053, Sevastopol,

St., 33 Ten. +7 (8692) 54-35-70 Universitetskaya St., 33

Ten. 54-05-57 E—mail: a.a.kharchenko@sevsu.ru Ten. 54-05-57

E—mail: khao@list.ru E—mail: vladetska@rambler.ru

© Xapuenko A.O., Xapuenko A.A., Bramenkas E.A., 2022



YIK 621.867.61 DOI: 10.33979/2073-7408-2022-355-5-130-143

N.A. ITAPUDYJIJIMH, A.JI. HOCKO, E.B. CA®POHOB, 1.H. CEPOB

METO/ BBIBOPA TABJIMYHBIM CIIOCOBOM TOPMO3HbBIX
POJIMUKOB MAI'HUTHOI'O THUITA JUIA HAJJIETHBIX
I'PABUTAIIMOHHBIX CTEJIJIA’KEN

Annoranusi. Cpedu ycmpoiicme 6e30naCHOU IKCHLyamayuy 2pasumayuoHHblX POJUKOBbIX KOHBEUEepos,
UCNONL3YEMBIX 8 CINEJLIANCHBIX CUCTNEMAX OISl NAUIem, OOHUM U3 HAUOOEe BUINICHBIX INEMEHMOE SBTIEeMC sl MOPMOZHOU
poauk. TopmosHbie poauKu MAZHUMHO20 (GUXPENMOK0B020) MUNA AGTISIONCSL OOHUMU U3 HAUOOee NEPCHEKMUBHBIX MUNOG
Mopmo3HbiX  poaukos. OCHOBHBIM — NAPAMEMPOM, ONPeOENIOWUM — BOZMONICHOCML  OBUIICEHUSL  NAJIEMbl  NO
2PABUMAYUOHHOMY KOHBelepy, AGIACMCA MUHUMAIbHASL CKOPOCIb OISt NPEeO0OOIeHUsl CONPOMUBIEHUS O HEPOBHOCMU
poaukoeoeo nonomua. Ha ocnosanuu Ooannozo napamempa paspaboman memoo 66100pa MAabAUYHBIM CHOCOOOM
MOPMO3HBIX POIUKOE MACHUMHO20 MUNA OJis NAJIENMHbIX 2PAGUMAYUOHHBIX CIELTAMNCEL.

KuloueBble cJ0Ba: nawiema, 2pasumayuoOHHblli POJUKOGLIL KOHEelep, 2pasumayUuoHHbll CMelatc,
MACHUMMHBLI (BUXPEMOKOBYIN) MOPMO3HOU PONUK, pACHem POAUKOB8020 KOHGelepd, CONpOmueaeHue nepeosudtceHuio,
npoeodsiuee meio, NOCMOSIHHbIN MAZHUM, 6UXPEMOKOGbIL MOPMO3.
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[LA. SHARIFULLIN, A.L. NOSKO, E.V. SAFRONOV, ILN. SEROV

TABULAR SELECTION METHOD OF MAGNETIC TYPE BRAKE
ROLLERS FOR GRAVITY ROLLER RACKS

Abstract. Among the devices for the safe operation of gravity roller conveyors used in pallet racking systems,
one of the most important elements is the brake roller. Brake rollers of magnetic (eddy current) type are one of the most
promising types of brake rollers. The main parameter that determines the possibility of a pallet moving along a gravity
conveyor is the minimum speed to overcome the resistance from the unevenness of the roller web. Based on this parameter,
a method has been developed for selecting brake rollers of magnetic type for pallet gravity racks in a tabular way.

Keywords: pallet, gravity roller conveyor, gravity rack, magnetic (eddy current) brake roller, roller conveyor
calculation, movement resistance, conductive body, permanent magnet, eddy current brake.
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A.B. HEMEHKO, M.M. HUKUTHUH

IHNPOYHOCTHASA HAAE KHOCTD U3JIEJIUA B 3ABUCUMOCTHU
OT OCOBEHHOCTEN ®UHUIITHON OBPABOTKH

AHHOTaUMA. [Ipednoscena memoouxa oyeHku OCmamoyHou Hecyujeli CROCOOHOCU 0emanu, no08epeUetics
MHO20CMAOUUHOU PuHUWHOU 00pabomKe 3a0annou unmencusnocmu. Ilonyuenvl Gopmynvl nepecuema KOIUHECEd
YUKTIO8 00 DA3PYUEHUsT MENCOY DA3IUYHBIMU OUASDAMMAMU YCIMATOCMHbIX UCnblmanutl. B xauecmee xpumepus
IKBUBANLEHIMHOCTU YUKIUYECKOU HAZPY3KU HA PA3HbIX PENCUMAX NPeOdiodicena (YHKYusi Hanpsicenutl, o6pazyiowas
UHBAPUAHM NO BEPOSIMHOCIMHbIM XAPAKMePUCMUKam npoyecca pocma depexmos. Ilpednazaemas memoouxa no3gosem
OYEeHUMb NOMeEPIO HASPY30UHOU CHOCOOHOCIU Oemanu, KOMopas no0eepeadcs GUHUWHOU 0bpabomie Cywecmeennoe
8peMsi Nocle NOAYYeHUsi Mmex Jice XapaKmepucmux 2i1a0KOCMmu U YUCMOMmbl NOBEPXHOCMU, YMO U y 00pasyos,
UCNONb30BAHHBIX 0151 uchvlmanui. [lonyuennvle pesyibmamosl MO2ym OblmMb UCHONBL30BAHbI OISl OYEHKU NPOYHOCIHOU
HAOENHCHOCMU U320MOGIEHHbIX U30eIUll U O/l 8blO0PA HAZPY30K NPpU UX QUHUWHOU 00pabomKe ¢ Yeavbio MUHUMUZAYUU
VCMANOCMHBIX NOBPENCOCHUT

KawueBble ciaoBa: [Ipounocmuas HaodedxdcHOCMb, uuuwiHas obpabomxa, YUKIUYECKoe Hazpydicenue,
ouazpamma 8blHOCIUBOCU
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A.V.NEMENKO, M.M. NIKITIN

STRENGTH RELIABILITY OF THE PRODUCT DEPENDING
ON THE FEATURES OF FINISHING

Abstract. A technique for estimating the residual bearing capacity of a part subjected to multi-stage finishing
processing of a given intensity is proposed. Formulae for recalculating the number of cycles to failure between different
fatigue test diagrams are obtained. As a criterion for the equivalence of a cyclic load in different modes, a stress function
is proposed that forms an invariant in terms of the probabilistic characteristics of the defect growth process. The proposed
method makes it possible to evaluate the loss of load capacity of a part that has been subjected to finishing (in particular,
polishing) for a significant time after obtaining the same characteristics of smoothness and surface finish as those of the
samples used for testing. The results obtained can be used to assess the strength reliability of manufactured products and
to select loads during their finishing in order to minimize fatigue damage.

Keywords: Strength reliability, finishing, cyclic loading, endurance diagram.

BIBLIOGRAPHY

1. Jashhericyn P.I. Tonkie dovodochnye processy obrabotki detalej mashin i priborov/ P.I. Jashhericyn, A.G.
Zajcev, A.L. Barbot'ko//Minsk: Nauka i tehnika, 1976 — 328 s.

2. Getc 1. Shlifovka i polirovka stekla/I. Getc, Z. Kozl, 1. Kotler, Lederer, A. Shilhan, F. Zhachek// L.:
Izdatel'stvo literatury po stroitel'stvu, 1967 — 280s.

3. Shkol'nik L.M. Metodika ustalostnyh ispytanij/ L.M. Shkol'nik// M.: Metallurgija, 1978 — 304 s.

4. Shirjaev A.N. Verojatnost'. T.1/A.N. Shirjacv//M.:.MCNMO, 2007 — 552 s.

5. Ventcel' E.S. Teorija sluchajnyh processov i ejo inzhenernye prilozhenija//E.S. Ventcel', L.A. Ovcharov//M.:
Vysshaja shkola, 2000 — 383 s.

6. Ross S.M. Introduction to Probability Models, 10-th edition — Academic Press, 2009. — 801 p.

Nemenko Alexandra Vasilyevna Nikitin Mikhail Mikhailovich

FSAEI HE Sevastopol State University, Sevastopol FSAEI HE Sevastopol State University, Sevastopol
Ph.D. in Tech Science, assistant professor of chair Lecturer of chair «Higher Mathematics »

«Technical Mechanics and Machine Science» Universitetskayast, 33, Sevastopol, Russian Federation,
Universitetskayast, 33, Sevastopol, Russian Federation, 299053

299053 Phone +79788150316

Phone. +79788330519 E—mail: m.nikitin.1979@gmail.com

E—mail: valesan@list.ru

© Hemenko A.B., Hukutun M.M., 2022



VK 681.5:621.432.3 DOI: 10.33979/2073-7408-2022-355-5-150-157

K.H. OCHUIIOB

NMPUMEHEHUE CBEPTOYHBIX HEHPOHHBIX CETEN
A1 OHEHKW TEXHUYECKUX COCTOsSIHUN
N3IEJINN MAINIMHOCTPOEHUA

AnHOTauMsA. O0OOCHOBbIBAEMICSI  MEMOO  OYEHKU  MOMEHMO8  BPEMEHU  3aPOodCOeHUst  OeheKmos
(HeucnpasHocmeil), 8bI36AHHbIX YCMALOCMHLIMU PAPYUEHUSMU MEXAHUYECKUX DNIEMEHNO08, A MAKHCe 0emanet MawuH
U MEXAHU3MO8 U30enUll 00ue20 MauuHOCmpoerus. B kauecmee uimiocmpamusHo2o npumepa paccmMompen npoyecc
PACNO3HABAHUSL MOMEHNOB BPEMEHU 3APONCOCHUS U PA3GUMUSL YCINANOCHIHBIX PA3PYUEHUN 8 NOOWUNHUKOBBIX Y31aX NO
pe3yibmamam usmepenus Xapakmepucmux suopayull 8 peaibHoM 8peMenu IKCHIYAmayuu.

KaroueBsle cioBa: modenuposanue, OUAeHOCMUKA, PUCK, HAOEHCHOCHb, UCKYCCMBEHHbLI UHMELTEKN.
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K.N. OSIPOV

APPLICATION OF CONVOLUTIONAL NEURAL NETWORKS
FOR EVALUATION OF THE TECHNICAL CONDITIONS
OF ENGINEERING PRODUCTS

Abstract. A method is substantiated for estimating the moments of the origin of defects (malfunctions) caused
by fatigue failures of mechanical elements, as well as parts of machines and mechanisms of general engineering products.
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As an illustrative example, the process of recognition of the moments of initiation and development of fatigue failures in
bearing assemblies based on the results of measuring vibration characteristics in real time operation is considered.
Keywords: modeling, diagnostics, risk, reliability, artificial intelligence.
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A.O. XAPYEHKO, A.A. XAPUEHKO, E.A. BIIAJIELIKAA

MMPOT'PECCUBHOE OBOPYJOBAHUSA JIJIS IOJTYUEHUSA PABOUEN
YACTHU MEJIKOPASMEPHBIX INTACTHYECKH
AE®@OPMUPYIOIIINX METYUKOB

AHHOTanMsI. B cmamove npedcmagnenvt pe3yibmamsl UCCIe008AHUL 8 HANPABIEHUU CO30ANUSL NPOZPECCUBHO20
000pyd08anus 015 NOIYHeHus: pabouell wacmu niacmudecku de@opmupyrowux memuurxos (IIJIM) nosvix koncmpyrkyuil
07151 NOBbIUEHUEM NPOUZBOOUMETLHOCIU 00PAbOMKU U YIYyHeHUsl Kauecmsea paboyel wacmu uncmpymenma. OOHou u3
NPUYUH, COEPACUBATOWUX WUPOKOE BHEOPEHUE MemOodd NIACMUYecKol dedhopmayuu 015 NOAYHeHUs. BHYMPEHHUX Pe3bh
MANbIX OUAMEMPO8, ABISAECMCA OMCYMCMeue IPPHexmusrno2o 000py008anUs u YCMpoucma 0 NOJIYYeHUs padoyell Yacmu
menkopazmephvix IIJJM Hogvix KoHcmpyKyutl. B omoil ces13u 60npochl co30anusi mako2o 060pyO008aHUsL EISemCsl
akmyanvHou 3a0auetl, peuienue KOmopou C8:I3aH0 ¢ NOJYYeHUeM 3HAYUMENbHO20 IKOHOMUYECK020 I¢hdexma 3a cuem
NOBbIUEHUS NPOU3BOOUMENLHOCU 00pabOmMKY U YIVHUueHUs Kavecmea uncmpymenma. B cmamve paccmompenvt u
NPOAHATUZUPOBAHBL OCODEHHOCMU COBEPUEHCIMBOBAHUSL KOHCMPYKYULL AKCUATBHBIX Pe3b0OHAKAMHBIX 20M080K 0/is
HAKAMbIBAHUsSL HAPYICHLIX pe3bh Ha pabouell nosepxHocmu memuuxos. Ha ocnoee nposedennvix mopghonocuveckozo
aHanusda, CMpyKmypHO-KOMHOHOBOUHOZ0 U NOCAEOYIOue20 NapamMempuyecko2o CUHmMesa 6apuanmos pesbooHaKammbix
2071080K Peanu308ana 603MOACHOCMb UCNOAb30BAHUSL NPOYECCO8 HAKAMBIBAHUS. HAPYICHBIX pe3bl HA 2paHéHOU paboyell
nogepxnocmu memyukos. Ilpeonosicennvle 6apuanmol pe3bOOHAKAMHBIX 20I060K C IKCYEHMPUKOBLIMU DOIUKAMU, C



KPUBONUHEUHBIMU POTUKAMU, d MAKHCe C YAPYSUMU IIeMeHmamu 006ecneuusaiom 8blCOKYI0 MOYHOCMb U mME8epooChib
paboueil yacmu HaKAMwvleaemoz2o0 uHcmpymernma. Ilpu smom mpyooemKocmsb U320MosieHUs e20 CYyuecmeeHHo Hudice,
yeM NO cywecmeyowel MmexHoao2uu ¢ UCNOIb308aAHUEM pe3bDOWUNUDOBAHUs, CMOUMOCIb NPUMEPHO HA NOPAOOK
MeHblle CMOUMOCMU CIMAHOAPHBIX OeCCMPYAHCEUHbIX MEMYUKO8, d NPOYHOCb U CIMOUKOCHb — 3HAYUMENbHO blllie.
Brnedpenue npoepeccusuvix KOHCMPYKYUll pe3bOOHAKAMHLIX 2071080K 014 uszomosnenua I[[IM 6 npouszsodcmso
noswiuiaem npou3so0UMeaIbHOCHb MpPyod U KOMNJIEKCHbIX MeXHOI02UYecKux noxasameeu npoyeccd.

KnroueBsle cioBa: meaxopasmephas pesvbboobpabomka, epanénas paboudas uacmv MeIKOPAMepPHbIX
MEMYUKO8, NIACMUYECKU OepopMupyiowue MemuuKky, HAKamvleaHue HAPYICHbIX pe3bd, pe3bOOHAKAMHASL 207106Kd,
IKCYEHMPUKOBbLE POIUKU, KPUBOTUHELIHbIE POIUKU, MepMuiecKkas oopabomka.
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A.O. KHARCHENKO, A.A. KHARCHENKO, E.A. VLADETSKAYA

PROGRESSIVE EQUIPMENT FOR OBTAINING THE WORKING PART
OF SMALL-SIZED PLASTIC DEFORMING TAPS

Abstract. The article presents the results of research in the direction of creating advanced equipment for
obtaining the working part of plastically deforming taps (PDT) of new designs to increase processing productivity and
improve the quality of the working part of the tool. One of the reasons hindering the widespread introduction of the plastic
deformation method for obtaining internal threads of small diameters is the lack of effective equipment and devices for
obtaining the working part of small-sized PDT of new designs. In this regard, the issue of creating such equipment is an
urgent task, the solution of which is associated with obtaining a significant economic effect by increasing the productivity
of processing and improving the quality of the tool. The article discusses and analyzes the features of improving the
design of axial thread rolling heads for rolling external threads on the working surface of taps. On the basis of the
morphological analysis, structural-layout and subsequent parametric synthesis of the variants of thread rolling heads,
the possibility of using the processes of rolling external threads on the faceted working surface of taps is realized. The
proposed versions of thread rolling heads with eccentric rollers, with curved rollers, as well as with elastic elements
provide high accuracy and hardness of the working part of the knurled tool. At the same time, the labor intensity of its
manufacture is significantly lower than according to the existing technology using thread grinding, the cost is
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approximately an order of magnitude less than the cost of standard chipless taps, and the strength and durability are
much higher. The introduction of progressive designs of thread-rolling heads for the manufacture of PDT into production
increases labor productivity and complex technological indicators of the process.

Keywords: small-size threading, faceted working part of small-size taps, plastically deforming taps, external
thread rolling, thread rolling head, eccentric rollers, curved rollers, heat treatment.
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3.A. T'O/IXXAEB, B.B. LIEXOBIIOB, M.B. JEIIIEHKO, B.K. MEPJISIK, I1.B. IIOTAIIOB

MNPUBEJEHUE B COOTBETCTBUE TUHAMUWYECKHUX CBOMCTB
CUJIOBBIX ITEPEJAY UCIIBITATEJIBHOI'O CTEHIA
N PEAJIBHOU MAIIWHBI

AnHotanmst. [lokazamenu pabomocnocobHOCmu U 00A208e4HOCMU CUTIOBBIX Nepeday MA2080-MpPAHCHOPIHBIX
MAWuH ONnpeoensiomcs 6 pe3yibmame NOAesblx JUO0 CMEHO0BbIX UCHbIMAHULL, NpuiemM CMeHOo8ble UCTIbIMAHUS
UCNONBL3VIOMCA 20pa300 Yauje 8 CUNy paoa ux npeumywecms. Imoobvl pe3yrvmamol UChbIMAHULL ObLIU OOCMOBEPHBIMU, UX
pedrcumvl OOJIHCHBI COOTNBEINCMBO8ANMb PEeHCUMAM IKCHIYAMAYUOHHOU HASPYHCEHHOCU CcUNogblx nepeday. OOHAKO 8
obwem cnyuae cocmae CUNOBbIX Nnepeoay MmA2080-MPAHCNOPMHBIX MAWUH U CMeHOd, d, Cle008AMmeNbHO, YNpY2o-
UHEPYUOHHbIE NapaMempbl UX dIeMEHMO8 CYUWeCMBeHHO PA3IUYHbI, MAK KAK 8 COCMA8 CMeHO08 0ObIYHO He GKII0YAIOMm
X0008YI0 CUCIEMY, NOOBECKY U PO OPY2UX Y3108, CHEeHObL MAKdice 00bIYHO UMeIOm dNeKmpudeckull npusoo. Tem spemernem
8 DeanbHbIX YCI0BUAX DKCHAYAMAyUU Ha OUHAMUYECKYIO HASPYICEHHOCHb CUNOBbIX Nepeday ms20680-mpaHCnopmHbIX
MAWUH 0KA3bl8aem GIUSHUE COBMECTNHASL paboOma KANCO020 U3 ee V37108, UMEIOue20 NpsamMoe Uil KOCGEHHOe GIUusHUe Ha
npoxodicoenue uepes Hee Cuno8020 NOMoka. Ilpu cmenoosuix dice UCHBIMAHUAX HA MY HASPYAHCEHHOCb OKA3bledem
BIUAHUE COBMECHAS pabOMA UCHBIMYEMOU CUIOBOT Nepedaiu C Y3Iamu CMeHoOd, UMEOWUMU UHble YNPY2O-UHEPYUOHHbIE



xapaxkmepucmuxu. Bciedcmeue amoeo pezynbmanmul UChblmanuti 8 psioe Ciy4aed OKA3bl8aomcsi He 00CHOBEPHLIMU, MO
ecmob He OMeeyarowuMu pe3yibmamam dKCnayamayuu. JJoobumoca nogvluienus cmenenu coomeemcmeus 603MOXMCHO 3d
cuem KOPpeKMUpOBKU YAPYeUxX U UHEPYUOHHLIX CBOUCME DIeMeHmOo8 cunosoll nepedadu cmenoa. Kowcmpyxkmusnoe
gonoujenyue MoL KOPPeKMUposKi npeocmaesisienm onpeoeneHHyio cioxcHocms. OuesUOHO, YMO HeBO3MONCHO 8
HeobX00UMbIX Npeoenax USMeHAMb MOMEHMbL UHEPYUL MACC CMEHOA U KPYMUTbHYIO HCeCKOCMb UX céa3ell 6e3 HapyuieHus
NPOYHOCMHBIX Xapakmepucmuk oemanei. [109momy 0ns npoeedeHus pecypCcHuiX UCHLIMAHUL Ha CMEHOe HA OUHAMUYECKUX
HAZPY30YHBIX PEAHCUMAX HEODXOOUMO 6 €20 COCA8 OONOIHUMENbHO 6800UMb CHEYUAIbHbIE YCMPOUCMed, npu noMowu
KOMOPBIX 803MONCHO YNPAGIAMb COOCMEEHHLIMU OUHAMUYECKUMU CBOUCMBAMU DNIEMEHMOB €20 CUN0BO Nepedayu ¢ Yeavio
NOGbIULEHUSl CMENeHl UX COOMBEMCMEU CEOUCMEAM CUNOBOU nepedadu peanbHou Mawiunvl. st npaxmuueckozo
U3MeHeHUsl napamempos CUI080l nepeoayi cmeHO08 NPedsiodHCceHd U 3aNnameHmo8ana pynna yCmpoucms, HA38AHHbIX
VAPY2O-UHEPYUOHHBIMU 8APUAMOPAMY, CHOCOOHBIX NO CUSHATY VAPABNEHUs 6ecCmyneHyamo U3MeHamb ynpyaue uiu
UHEPYUOHHbIE NApAMempbl YYacmKo8 CUlo8ou nepedayu cmenda. Kpome moeo, ycmpoucmea no3eoasiom GblNoaHUMb
OMCMPOUKY OM pPe30HAHCA 8 CUNOBOU Yenu CmeHOd, d MAKdHce UCNONb308AMb BOHUKAIOWYIO NPU USMEHEHUU UX
OUHAMUYECKUX — NApPaAMEempos8 — OONOIHUMENbHYIO  OUHAMUYECKYIO COCMAGNAIOWYIO HASPY3KU  Oasl  (popMUpOBaHUs
HAZPY30YHO20 pedicuma CmeHod.

KnroueBsble ciioBa: cunogas nepedayd, UCHbImMamenbHblil CIMeHO, YnpagieHue OUHAMUYECKUMU CBOUCMEAMU
CUNOBOIL nepedayul, OUHAMUHECKUL PENCUM HASPYIHCEHUSL, YAPY2O-UHEPYUOHHbIE 8APUAMODbI.
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Z.A. GODZHAEV, V.V. SHEKHOVTSOV, M.V. LIASHENKO, V.K. MERLYAK, P.V. POTAPOV

SETTING AN ALIGNMENT BETWEEN DYNAMIC CHARACTERISTICS
OF TEST STAND AND REAL VEHICLE DRIVETRAINS

Abstract. It is possible to determine characteristics of operability and durability of vehicles and special machines
by field or stand researches but stand researches are used more often because of some advantages. To provide accuracy of
stand researches it is necessary to align research regimes to regimes of operational loadings of drivetrains. But generally,
structures of drivetrains of vehicles and special machines differ from stands structure thus inertial and stiffness
characteristics of drivetrain elements are also different. This can be explained by the fact that structure of test stands usually
don’t includes mover, suspension and some other elements also stand drive is electric. But in real conditions drivetrain
dynamical loadings depends on joint operation of all elements. Direct or indirect influence of each element on power flow
through drivetrain is very important. Joint operation of a tested drivetrain and stand elements having different inertial and
stiffness characteristics affects dynamical loading of drivetrain during stand researches. It cases inaccuracy of research
results and their mismatch to operational results. Alignment of inertial and stiffness parameters of stand drivetrain provide
increasing of accuracy rate. But implementation of these correctives in real stand construction is difficult. Obviously, it is
impossible to reduce inertia moments of stand elements and torsional stiffness of links in within the necessary limits without
decline of strength properties of elements. Thus, it is necessary to use special details in stand drivetrain structure for resource
researches at dynamic loading regimes. These details provide a control of own dynamic characteristics of stand drivetrain
and thus increasing rate of accordance of stand drivetrain parameters with parameters of a real vehicle drivetrain. Group
of mechanisms called elastic-inertial variators providing practical changing of parameters of stand drivetrain was proposed
and patented. These mechanisms can change inertial and stiffness parameters of stand drivetrain areas by the control signal.
Also, these mechanisms provide the tuning from resonance in the stand drivetrain and using of additional dynamic
component of load originating during change of mechanisms dynamic parameters for creating of stand loading regimes.



Keywords: drivetrain, test stand, control of drivetrain dynamic characteristics, dynamic loading regime, elastic-
inertial variators.
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A.A. IBEAYHEHKO, B.B. LIEXOBIIOB, M.B. JILIIIEHKO, I1.B. IIOTAIIOB, A.B. BAT'AHOB

PABPABOTKA CIHHEIIMAJIBHOI'O TPAHCIIOPTHOT' O CPEJACTBA J1JIAA
JIMI] C O'PAHUYEHHBIMUA BO3MOKHOCTSAMMU IHEPEJIBUKEHUSA

AnHoTammsi. Jluya ¢ 02paHUHEHHbLIMU  BO3MONCHOCHAMU NEPEOBUIICEHUSl 6 NOBCEOHEGHOU  JHCUHU
CMANKUBaIOMcs ¢ npooiemMamu nepemewenus KaKk 6Hympu, max u 6He nomewenuil. Bo mmoeux cmpamax cosoamvl
KOHCMPYKYUU UHBATUOHBIX KOJACOK, OOHAKO MHO2UE U3 HUX He NPUCROCOONeHbl OJis NnepemMewerus no CmyneH4amoim
NOBEPXHOCHAM U 2PYHMAM C He8biCOKOU Hecywel cnocobnocmvio. C yenvlo NONbIMKU peuleHuss dmoi npoonembvl
asmopamu npeoyiodHCeHo MeXHUYeCKoe peuleHue CReYUaIbH020 MPAHCNOPIHO20 CPEOCMEA C UCTIONb308AHUEM KOLECHO-
wazaroue2o 08UNICUMEst, UMEIOWe20 P30 NPEUMYyUecms no CPAGHEHUIO ¢ OPYUMU MUNAMU — 8 YACTHOCMU, MAKUX, KaK
npoCmoma KOHCmpyKyuu, 60jee 8blCOKAsL YHUBEPCANbHOCMb, IKOHOMUUHOCb, 0becnedeHue HeoOX00uMol NiagHOCMu
x00a. Koncmpykyusi mpancnopmuo2o cpedcmea @Kaouaenm 6 cebs KOpnyc ¢ mpaHcmuccueli u npugooamu, KoiecHvle
osudicumenu, cucmemy adanmueHoU NoO08ecKuU, Npusoobl NPOOOIbHO20 nepemewjenuss cudeHnvs. s nposedenus
uccnedosanuti pabomocnocoorocmu x00080u wacmu (PeoyKmop-npugoo u O08UICUMENb) paspabomana mpexmepHas
MoOdenv KoHempykyuu 6 cpede Solidworks. Hccnedosanus 0gudicenust nposoounucs 8 noocpeoe Solidworks Motion. Ilpu
BbINOJIHEHUU UCTLIMAHUTL UCCTE08AN0CH NepemMewjerue MmpaHCHOPMHO20 CPpeoCmsed No CAedyiouUM OCHOBHBIM GUOAM
nogepxHocmell: HAKIOHHAS, NOBEPXHOCHL C COUHUYHBIM NPENAMCMEUEM, CIYREeHYAMAs NO8epPXHOCMY. [l uchbimanui
nepemeweus no HaKIOHHOU NOBEPXHOCMU ObLI NPUHAM YKIOH, pasHblil 5 epadycam. Xo00sas 4acms ucnbimvleaidcy 6
2-X pedcumax: pexcum NOGbIUEHHOU U NOHUMICeHHOU nepedad. IIpu smom mpancnopmuoe cpeocmeo no HAKIOHHOU
niocKkocmu nepemewanocs co ckopocmamu 2,5 u 0,6 km/u. Ilpu ucneimanuu xo0060t uacmu npu nepemeujeruu ¢
npeo0osieHueM NPensimcmeull. UCNoab308aHbl npensmemesust ebicomot 50 mm. Tpancnopmuoe cpedcmeo npeodonesano
Imu npensimcemeust 8 2-x pescumax, nocie 1,7 cexyHobl UCHbIManus pexcum Obli Nepekiiouer ¢ HOHUICEHHOU nepeoayu
Ha nosviwennylo. Tpancnopmuoe cpedcmeo npeodoneno NpPensmcmeue Ha KANCOOM U3 2-X percumos, HO Npu
NOBbIUEHHOU nepedade O8UdICeHUe OKA3aN0Ch bonee niasubim. [lpu Moderuposanuu nepemewjeHust no CmyneH4amvim
NOBEPXHOCHISM MPAHCHOPIMHOE CPEOCNBO NePeMeanoch o CIYNeHsIm, pamepsl Komopvix coomeemcemeosaiu I OCT
8717-2016 «Cmynenu 6emonnvie u dcenezobemonnvie. Texnuueckue ycnosusny. Cpedcmeo npeodonedano smu CmyneHu
Ha NOBLIUEHHOT nepedaye ¢ NepUOOUeCKUM MOPMOdICeHuem Koaeca, ynupaiowezocs 6 cmynens. Ha nepemewenue no
3-m  cmyneusm Oviio 3ampaueno 10 cexynd. Modenuposanue noOMEEPOUNLO BO3ZMONCHOCHU NepeMeweHus
NPEONOANCEHHO20 MEXHUYECKO20 pPeuleHUsi CReYUaIbHO20 MPAHCHOPMHO20 CPeOCBa ¢ NACCANCUPOM NO HAKIOHHOU U
cmynenyamou NO8EPXHOCMAM, d MAKI’CEe NO NOBEPXHOCMU C eOUHUYHbIM npenamcemesuem. Ilpu smom pacuemsl nokazanu,
UMo OHO OMAUYAECS MEHbULEU MEMANI0EMKOCMbIO U DONbULEN IKOHOMUYHOCBIO RO CPABHEHUIO C NPOMOMUNOM.



KnawoueBble cjioBa: cneyuailbHoe mpaHcnopmuoe cpe()cmso, auya ¢ 02paHuU"4eHHbIMU B603MONCHOCMAMU
nepe()euafceHuﬂ, KOﬂ@CHO—mCIZCZIOLL!uIZ deu:»cumeﬂb, Moéeﬂupoeayue, HAKJIOHHAA NOBEPXHOCHb, NOBEPXHOCMb C
COUHUYHBIM npenamcmeuem, cmyneHdamas no6epxHocnib.
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A.A. SHVEDUNENKO, V.V. SHEKHOVTSOV, M.V. LIASHENKO, P.V. POTAPOV, A.V. VAGANOV

DEVELOPMENT OF THE SPECIAL VEHICLE FOR PERSONS
WITH REDUCED MOBILITY

Abstract. Persons with reduced mobility encounter problems of moving inside and outside buildings in everyday
life. Various designs of wheelchairs were created in many countries. But many variants of wheelchairs can’t move along



step surfaces. Authors propose the scheme of special vehicle with the wheel-walking mover as the way to solve mentioned
problem. This mover has some advantages in comparison with other types: design simplicity, higher versatility, efficiency,
providing of necessary riding comfort. Structure of vehicle includes casing with transmission and drives, wheels, the
adaptive seat suspension, seat longitudinal displacement actuators. Operability of the vehicle chassis (drivetrain and
mover) was researched on the base of the 3D-model created in Solidworks software. Research of vehicle motion were
performed in subsystem Solidworks Motion. Researches were made for next cases of vehicle moving: on the slope surface,
surface with single obstacle, steps. Slope surface had incline equal to 5 degrees. The drivetrain was tested in two modes:
low and high gears. At this time vehicle speed during moving on the slope was equal to 2.5 and 0.6 km/h. Moving on the
surface with obstacle was researched for obstacles 50 mm height. The vehicle had been overcoming obstacles in two
modes: after 1.7 seconds of test time gear were changed from low two high. The vehicle overcame the obstacle in the both
modes but moving in the high gear were smoother. The atep surface used in researches was created in accordance with
National Standard GOST 8717-2016 “Reinforced concrete and concrete steps. Specifications”. The vehicle had been
overcoming these steps in high gear along with periodical breaking one of the wheels (the one rests again step wall).
Moving along 3 steps took 10 seconds. Researches confirmed operability of proposed special vehicle design during motion
on the slope and step surfaces and also on the surface with the single obstacle. Also, calculations show that proposed
vehicle design have lower metal consumption and efficiency in comparison with prototype.

Keywords: special vehicle, persons with reduced mobility, wheel-walking mover, modelling, slope, surface with
single obstacle, step surface.
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E.B. BYPKOBA, /I.B. bYPKOB

OHEHKA 3®®EKTUBHOCTH TPEXKACKAJIHBIX
I'EJIMOCTAHIIUU JJIA I'OPAYEI'O BOJOCHABXEHUA

AHHOTAUMsA. B pabome 0aémcs cpagHUMENbHAs OYEHKA Menai08ol 3P@ekmugHocmu 0OHOKACKAOHBIX U
MpEXKACKAOHBIX ~ 2eNUOYCMAHOBOK Ol  CE30HHO20 20psiuec0 B000CHAOIICEHUsT U  Memodolo2us ux paciemd.
Ipoussodumcs cpagneHue naowaoeil 2etuonoas OOHOKACKAOHOU U MPEXKACKAOHOU 2eIU0YCMAHOBOK NPU 0OUHAKOBbIX
HAYANIbHBIX YCAOBUSAX, A MAK’CE NPUSOOUINCS IKOHOMUUECKOE RPEUMYUECTNEO NP CIMPOUTNENbCTNGE MPEXKACKAOHBIX
2eUOYCMAHOBOK 83AMEH 0OHOKACKAOHBIX NPU OOUHAKOBBIX MEMEOPONOSULECKUX YCLOBUSX GHEUHEl CPedbl.

KnaroueBble CJ0OBA: COHeuHAs OHepeus, MPAOUYUOHHBIC JHEPIOHOCUMENU, CUCIeMA  CONHEeYHO20
MENIOCHAONCEHUS, KACKAOHbLE 2eU0YCMANHOBKU, 20paiee 8000CHAbICeHe.
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E.V. BURKOVA, D.V. BURKOV

EVALUATION OF THE EFFECTIVENESS OF THREE-STAGE SOLAR
STATIONS FOR HOT WATER SUPPLY

Abstract. The paper provides a comparative assessment of the thermal efficiency of single-stage and three-stage
solar installations for seasonal hot water supply and the methodology of their calculation. A comparison is made of the
heliopolis areas of single-stage and three-stage solar installations under the same initial conditions, and an economic
advantage is also given in the construction of three-stage solar installations instead of single-stage ones under the same
meteorological environmental conditions.

Keywords: solar energy, traditional energy carriers, solar heat supply system, cascade solar installations, hot
water supply.
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A.B. HEMEHKO, M.M. HUKUTHUH

YIIPABJIEHHUE ITPOLIECCOM CBEPJIEHHUS I'VTYXOI'O
OTBEPCTUS 110 HAITPSKEHUAM B OBPABATBIBAEMOMU JETAJIA

AHHoOTauMs. [Ipeonodicen anzopumm ynpagieHus Npoyeccom CEepieHUs 2IyXo20 Omeepcmusi Ha OCHO8e
UsMepeHusi HOPMANbHLIX U KACAMENbHbIX HANPAXMCEHUlNl HA 6HeulHell nogepxHocmu obpabamviéaemoeo uzdenus. B
Kauecmee Kpumepuss OONyCMUMOCMU PeHCUMA C8EPAEHUS PACCMAMPUBATNCA MOOYIb KOMNIEKCHOZHAYHO20 UHmMezpana
OM CHUMAEMO20 CUSHANA C CUCMeMbl OaMYUKO8, BeIUYUHA KOMOPO20 NpeoCmasisnemcs 8 Kayecmee Mepvl CeneHu
mpewunoobpazoeanus npu obpabomke. g ocywecmenenus Ynpasisiiouje2o 6030elicmeus dmom QyHKYUOHAT
CpaBHUBAEMCs C OONYCINUMbIMU 3HAYCHUAMU, NOTYYACMBIMU NPU HOPMUPOBKE, NOCTIE He20 CXEMA MONCEM NPUMEHAMbCS
Ha MUNOBbIX U30eaUsX, 001A0AIOWUX 6APUAYUAMU XAPAKMEPUCUK MAMEPUAA.

KuaroueBnie cinoBa: Cseprnenue, cnupanvHvle C8EpNA, YePHOBOE cCBepleHUe, HOPMANbHbIE HANPANCEHUS,
KacamenvHble HANPAHCEHUS.
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A.V.NEMENKO, M.M. NIKITIN

CONTROL OF THE BLIND HOLE DRILLING PROCESS BY STRESSES
IN THE PROCESSED PART

Abstract. An algorithm for controlling the process of drilling a blind hole based on the measurement of normal
and shear stresses on the outer surface of the workpiece is proposed. As a criterion for the admissibility of the drilling
mode, the module of the complex-valued integral of the signal taken from the sensor system is considered, the value of
which is presented as a measure of the degree of cracking during processing. To implement the control action, this
functional is compared with the allowable values obtained during normalization, after which the scheme can be applied
to typical products with variations in material characteristics.

Keywords: Drilling, twist drills, rough drilling, normal stresses, shear stresses.
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E.B. TEOPTMEBCKA

IMPEUMYIECTBA BEKTOPHOI'O AHAJIN3A ITPHU OLIEHKE
BUBPAIIMOHHOI'O COCTOAHUSA 'MIPOAT'PETI'ATOB

AnHoTtanmsi. Hopmuposanuio 6ubpayuoHHo20 cOCMOAHUS 2u0poazpe2amos YOeusiemcsi MHO20 GHUMAHUSL.
Oonaxo cywecmayiowue ompaciesvle HOPMbl OYEHKU 6ubpayuu He 6ce20d OKA3bIBAIOMCA P PekmusHbimu npu
HOCMaHosKe mexnuueckozo ouacnosza. Illepexoo om oyenku o0we2o0 WUPOKONOIOCHO2O CUSHALA K BEKIMOPHOMY
NpeoCcmasieHuio e2o 2apMOHUK OMKPbI8Aem WUPOKUe BO3MONCHOCIU OJisl NONYYeHUs O0be20 00bema ungopmayuu us
mo2o Jce 00veMa UCXOOHBIX OAHHBIX, POPMUPYEMBIX CUCTHEMOU GUOPOMOHUMOPUHEd. DMO NO3BOAUM NOBLICUND
aghghexmugnocmv cucmem subpoouasHocmuku 6e3 pacuupenus annapamuou basvl. B cmamuve npedcmasiensl npumepbol
00pabomKu OAHHBIX, OMMEYEHbL OCHOGHbBLE NPEUMYUECMEA BEKMOPHO20 AHAIU3A NPU OYEHKE BUOPAYUOHHO20 COCMOSIHUS
2udpoazpe2amos u nepcnekmusbl €20 6HeOPEeHUst 8 CUCMeEMbl BUOPOOUACHOCTNUKU.

KawueBble ciioBa: cudpoazpeeam, 6uOpayuonHvle napamempul, Ouenue 6did, GeKMOpHAsL Ouazpammd,
BUOPOMOHUMOPUHE, NOOUUNHUK

Ilpeocmasnennsle 6 cmambe Mamepuanvl ROAYUEHbl 8 PAMKAX GbINOIHEHUA HAYYHO-UCCE008AM ENbCKUX
pabom no zpanmam Ponoda cooeiicmeusn unnosayuam Ne 3288I'C1/55639 om 27.11.2019 u Ne 4373I'C2/55639 om
01.12.202 npu mexnuueckoit u gpunancosoii noodepiicke @onoa Ckonkoeo.
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E.V. GEORGIEVSKAIA

BENEFITS OF VECTOR ANALYSIS IN ASSESSING THE VIBRATION
STATE OF HYDRAULIC UNITS

Abstract. Much attention is paid to the standardization of the vibration state of hydraulic units. However, the
existing industry standards of vibration assessment are not always effective in making a technical diagnosis. Transition
from estimation of the general broadband signal to the vector representation of its harmonics opens wide opportunities
for obtaining more information from the same amount of initial data formed by the vibration monitoring system. It will
increase the efficiency of vibrodiagnostic systems without expanding the hardware base. This article presents examples
of data processing, notes the main benefits of vector analysis in assessing the vibration state of hydraulic units and the
prospects for its implementation in vibrodiagnostic systems.

Keywords: hydraulic unit, vibration parameters, relative vibration, vector diagram, vibration monitoring,
bearing.
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