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BaTtiok, JI. B. Peoorndeckre cBOHCTBAa M MEXaHWYIECKast IPOYHOCTH MEMOpaH
spurporuros / JI. B. batiok, H. H. Kusurnosa // Mexauuka. VccrnenoBanus 1 MH-
HoBanuu. — 2021. — Bem. 14. — C. 5-10.

JI. B. BATIOK', H. H. KU3UJIOBA?
Xapvrosckuii nayuonanbuwblil Meduyunckuil yuueepcumenm, Xapvkos, Yxpauna
2Xapvroeckul Hayuonanviwiil ynusepcumem um. B. H. Kapasuna, Xapvkos, Yxpauna

PEOJIOTMYECKHUE CBOMCTBA U MEXAHUYECKAS ITIPOYHOCTH
MEMBPAH OPUTPOLIUTOB

MexaHu4yeckre CBOWCTBA MEMOpaH SPUTPOLMTOB M JPYTHX OHOJOTMYECKHX KIETOK
o0ecneynBaroT MX MPOYHOCTh, cOXpaHeHHe (OpMBI, NeGopMHPYEeMOCTh M MOJIBHKHOCTD
IIPU JIBIDKEHUN C TIOTOKOM JKHJKOCTH 4epe3 KPOBEHOCHBIE COCYJIBI, IPOTOKH BHYTPEHHUX
OpPTraHOB M TPYOKH OMOMEAUIIMHCKUX YCTPOUCTB. CIIOKHBIC PEOJOTUIECKHE CBOHCTBA Kile-
TOK KPOBHU CBSI3aHBI C MHOTOCJIOHHBIM CTPOCHHEM UX BHEIIHEH 0Oosouku. B pabore npen-
JI0’KEeHA MHOTOCJIOMHAsI MOJIEIb IIOBEPXHOCTH 3PUTPOLNTA, KaXKIBIH CIOH KOTOpOoi obaia-
€T BS3KOYNpYruMmu cBoiictBaMu. [IpeacTaBieHbl ypaBHEHHS KOJe0aHHMH ITOBEPXHOCTH H
HCCIICJOBaHbl COOCTBEHHBIE YAaCTOTHI KOJEOaHMH B 3aBHCHMOCTH OT IapaMeTpOB CIOEB.
[MonyuyeHHBIE pe3ysbTaTBl MOTYT OBITH HCIIOJIB30BaHBI Ul 0ojiee TOYHOW JMArHOCTHKH
COCTOSIHUSI KaK CCTEMbI KPOBU, TaK U OPraHU3Ma B LIEIOM.

KuroueBble cjoBa: MmeMOpaHa, MeXaHUYECKash MPOYHOCTh, PEONOTUYECKHE CBOWCTBA,
BS3KOYTIPYTOCTh, CBOOOTHBIE KOJICOAHMS.

RHEOLOGICAL PROPERTIES AND MECHANICAL STRENGTH
OF ERYTHROCYTE MEMBRANES

The mechanical properties of membranes of erythrocytes and other biological cells en-
sure their strength, shape retention, deformability and mobility while moving with a fluid
flow through blood vessels, ducts of internal organs and tubes of biomedical devices. The
complex rheological properties of blood cells are associated with the multilayer structure of
their outer shell. In this work, a multilayer model of the erythrocyte surface is proposed,
each layer of the surface has viscoelastic properties. Equations for surface vibrations are
demonstrated and natural frequencies of vibrations are investigated depending on the pa-
rameters of the layers. The obtained results can be used for more accurate diagnostics of the
state of both the blood system and the body as a whole.

Keywords: membrane, mechanical strength, rheological properties, viscoelasticity, free
oscillations.



Boopuukuii, C. M. [Togxoasl K MpOeKTHPOBAHUIO COOPHO-Pa30OPHBIX Bpe-
MEHHBIX MOCTOB M3 MecTHBIX MatepuanoB / C. M. Bobpuikuii, A. O. [llnmanoB-
ckuii // Mexanuka. UccnenoBanns u naHoBauu. — 2021, — Bem. 14. — C. 11-16.

C. M. BOBPHLIKHH, A. O. ITHUMAHOBCKHH
benopycckuii 2ocyoapcmeennuiii ynugepcumem mpancnopma, I'omens, benapyce

HoaAXOoJbl K IPOEKTUPOBAHUIO
CBOPHO-PA3ZBOPHBIX BPEMEHHBIX MOCTOB
N3 MECTHBIX MATEPUAJIOB

[IpencraBieHsl CyIIECTBYIOIINE HHBEHTAPHBIE KOHCTPYKIMH OTEYECTBEHHOTO U 3apy-
OEKHOT'O NPOU3BOJICTBA, NMPUMEHSIEMBbIE IPH KPATKOCPOUHOM (BPEMEHHOM) BOCCTAaHOBIIE-
HHU MOCTOB, 00CYX/EHBI HX JOCTOMHCTBA U HEAOCTATKHU. IIpe/UIOKeH aJIrOPUTM IPOCKTH-
poBaHus cOOPHO-Pa3OOPHOTro KPaTKOCPOYHOTO (BPEMEHHOTO) MOCTA M3 MECTHBIX MaTepHa-
JI0B. B OCHOBY aJropuT™Ma MOJIOKEHBI COBPEMEHHbBIE IPUHIMIIB (HOPMOOOPA30BaHUS KOH-
CTPYKLHMH MOCTOBBIX COOPYXKEHHMIi, B TOM 4YHCIIe, OHOMUMETHYECKHIl MTOXOM, & TAKXKE HC-
TI0JT630BaHHE COBPEMEHHBIX METO/IOB MIMUTAIIMOHHOTO MOJCIUPOBAHNSL.

KiioueBble €j10Ba: MOCTOBBIE COOPY)KCHHs, MECTHBIC Marepuaibl, Gpopmoobpa3oBa-
HUe, CMOMUMETHYECKHH 1T01X0/], IMUTAIIHOHHOE MOJIEIHPOBAHUE.

S. M. BABRYTSKI, A. O. SHIMANOVSKY
Belarusian State University of Transport, Gomel, Belarus

APPROACHES TO THE DESIGN OF PREFABRICATED-DISMOUNTABLE
TEMPORARY BRIDGES MADE OF LOCAL MATERIALS

The article presents the existing inventory bridge structures of domestic and foreign
production, used for the short-term (temporary) bridge restoration, their advantages and
disadvantages are discussed. An algorithm for designing a prefabricated-dismountable
short-term (temporary) bridge made of local materials is suggested. The algorithm is based
on modern principles of bridge constructions shaping, including biomimetic approach, as
well as the usage of modern imitation methods to solve the problem.

Keywords: bridge structures, local materials, shaping, biomimetic approach, imitation
modeling.



Bocakos, C. B. Cratuueckuii pacuer 0alo9HON IUIMTHL HA YOPYTrOM OCHOBa-
HWH TIPH YCIOBUH OrpaHuueHuit Ha nepementenus miutsl / C. B. Bocakos, 0. H.
Koros // Mexanuka. MccnenoBanus u uaHoBauun. — 2021. — Bem. 14, — C. 17-23.

C. B. EOCAKOB", 0. H. KOTOB?
1Benopyccruii nayuonanvnwii mexuuueckuti ynusepcumem, Munck, Benapyce
2Benopyccko-Poccuiickuii ynusepcumem, Mozunee, benapyco

CTATUUYECKUM PACUET BAJIOYHOM IJIUTHI
HA YIIPYTOM OCHOBAHUU
IIPH YCJIOBUU OT'PAHUYEHUIA HA NEPEMEIIEHUS IIJINTHI

PaccmatpuBaeTcs cTaTHUECKHA pacueT OaloYHON IUIUTH HA YIIPYTOM OCHOBAHHUH CIIO-
cobom b. H. JKemouknHa npu yCIOBUHM OTPaHUYEHHUH HA HEKOTOPbIE IEPEMEIICHNUS TUTUTHL.
Wzyyaercs ciryyaif miockoi aeopMaiu Uil IEHTOYHOTO QyHIaMEHTa, IIPH KOTOPOM P
TOoYeKk OanoyHOU (yHIAMEHTHOH IUIMTHI OCTaeTcsl Ha OfHOHM mpsmoi. [IpuBeneH mpumep
pacuéra OaIOYHOM IUIUTHI, TPH TOYKH KOTOPOIT JIeKaT Ha OMHOMN MPSIMOIt Ha yIIPyToM ClIoe.

KnroueBble cioBa: GanoyHas IUIMTA, IEpeMEIlEHMs IUUTHL, crocob JKemoukuHa,
yOpyrui ciou.

S. V. BOSAKOVY!, Y. N. KOTOV?
!Belarusian National Technical University, Minsk, Belarus
2Belarusian-Russian University, Mogilev, Belarus

STATIC CALCULATION OF A BEAM PLATE ON AN ELASTIC BASE
UNDER THE CONDITION OF LIMITATIONS ON THE SLAB MOTIONS

The article deals with the static calculation of a beam plate on an elastic base by the method
of B. N. Zhemochkin under the condition of limitations on some plate motions. There is con-
sidered the case of planar deformation for the strip foundation, when a number of points of the
beam foundation plate are on one straight line. There is shown an example of the beam plate
calculation on an elastic layer with three points of the plate lying on the same straight line.

Keywords: beam plate, plate displacement, Zhemochkin's method, elastic layer.



Bacuabes, C. M. AHanu3 NOBPEXICHNH y3IIa MATHUK — HOIMATHAK BarOHOB-
miathopM ISl TIEPEBO3KH KPYIHOTOHHAXHBIX KoHTelHepoB / C. M. Bacuibes,
A. B. IIumuk // Mexanuka. UccnenoBanns U uaHOBanmu. — 2021. — Bem. 14. —
C. 24-28.

C. M. BACHJIBEB, A. B. [IUII[UK?
1Benopyccruii 2ocyoapcmeennviii ynusepcumem mpancnopma, I'omens, Benapyce
2000 «Hosas nozucmuueckasny, Mockea, Poccus

AHAJIM3 OBPEXJIEHUM Y3JIA IISATHUK — HOANATHUK
BAT'OHOB-IIJIAT®OPM
JIJISI IEPEBO3KU KPYITHOTOHHAKHBIX KOHTEMHEPOB

BeimonHen ananmz HOBpe)KI[eHI/Iﬁ IIATHUKOBBIX Y3JIOB U MEpP IO CHUKXCHUIO OTpUlla-
TCJIBHOT'O BO3Z[€I710TBPIH Ha HUX IpH 3KCILTyaTalyu. HOKa3aHO, YTO HanOOJIBIIEro BHUMA-
HUsA T‘peﬁy}OT HU3HOC KOHTAKTHBIX HOBerHOCTCﬁ " TIPOYHOCTH KPCIUICHUA INATHHUKA. 006-
CYXKIArTCAd BO3MOKHOCTH aBTOMAaTU3UPOBAHHOI'O BBIABJICHUSA OTKJIOHCHHH B pa60Te y3i1a
IATHUK — NOAIISATHUK B SKCILTyaTalluu.

KiroueBrblie ciioBa: BaFOHBI-HJ'IaT(bOpMI)I, IATHUK, DOAISATHUK, U3HOC INATHUKOBBIX Yy3-
JIOB, 0€301acHOCTh JBUXXCHUS IMOC310B.

S. M. VASILIEV?, A. V. PISHCHIK?
!Belarusian State University of Transport, Gomel, Belarus
2000 "New Logistic", Moscow, Russia

DAMAGE ANALYSIS OF THE CENTRE PIVOT-CENTER PLATE UNIT
OF FLATCARS FOR LARGE CONTAINERS TRANSPORTATION

The analysis of damages of center pivot assemblies and measures for reducing the
negative impact on them during operation is carried out. It is shown that the wear of contact
surfaces and the strength of the center plate fixing require the greatest attention. The possi-
bilities of automated detection of deviations in the operation of the center pivot — center
plate unit in operation are discussed.

Keywords: flat cars, center pivot, center plate, wear of center pivot units, train move-
ment safety.



Bepemeiiuuk, A. U. MccnenoBanue TemMnepaTypHOro MOJS M HANPSKEHHO-
Je()OpMHUPOBAHHOTO COCTOSHUS HOXKEH NPOOHMIBHONW MAIIMHBI NPH ITOBEPXHOCT-
HOM TuIasMeHHoM yrpounenuu / A. Y. Bepemeitunk, B. M. Xsucesnu, M. U. Ca-
30HOB // Mexanuka. VccnenoBanus u uaHoBanmu. — 2021. — Bem. 14. — C. 29-40.

A. U. BEPEMEWYHK, B. M. XBUCEBHY, M. H. CA30HOB
bpecmckuii cocyoapcmeennviii mexnuueckuii ynusepcumem, bpecm, Benrapyco

HCCJEJIOBAHUE TEMIIEPATYPHOI'O MOJISI

U HATIPSI)KEHHO-IE®OPMUPOBAHHOI'O COCTOSIHU S
HOEM JJPOBUJIBHOM MAIIIMHBI

IPU TIOBEPXHOCTHOM IIJIA3BMEHHOM YIIPOYHEHU U

JInst TIOBBINIEHHsT YKCILTYyaTalliOHHBIX CBOWCTB JPOOHMIFHOTO MHCTPYMEHTa IIpeisara-
eTcsl yNpoyHeHHe pabouyel IMOBEPXHOCTU C IIOMOLIBIO CXKATOH JBIDKYIISHCS IUTa3MBL
C 1enbio ONpe/eNneHus ONTUMAIIBHBIX PEXUMOB TEPMOOOPAOOTKH TPOBEACHO HCCIIEN0Ba-
HHUE TEMIIepaTypHbIX MOJIEH ¥ HampsHKEHHO-Ae(OPMHPOBAHHOTO COCTOSHHS HOXa JpO-
OMJIBHON MAaIIMHBIL. BBINOJHEH aHANIU3 MHUKPOCTPYKTYPBI M MUKPOTBEPAOCTH 3aKAJICHHBIX
oOpasuoB. OnpeneneHa CTeNeHb U3HOCa TePMOOOPaOOTaAHHBIX HOXKEH.

KnrodeBble cioBa: ynpodHeHHe, IUIa3MEHHAs! CTpys, TeMIlepaTypa, TeMIepaTypHbIe
HaNpsHKEHHs, MUKPOTBEPIOCTb, H3HOC.

A. VEREMEICHIK, V. KHVISEVICH, M. SAZONOV
Brest State Technical University, Brest, Belarus

INVESTIGATION OF THE TEMPERATURE FIELD
AND THE STRESS-STRAIN STATE OF THE CRUSHING MACHINE KNIVES
DURING SURFACE PLASMA HARDENING

To improve the operational properties of the crushing tool, it is proposed to use plasma
hardening of the working surface using compressed moving plasma. In order to determine
the optimal modes of heat treatment, the study of temperature fields and the stress-strain
state of the crushing machine knife was carried out. The analysis of the microstructure and
microhardness of the hardened samples is carried out. The degree of wear of heat-treated
knives is determined.

Keywords: hardening, plasma jet, temperature, temperature stresses, microhardness, wear.



I'axpamanos, B. ®. ®opmupoBaHHe IUIACTUYHOIO XPOMHUPOBAHHOTO CIIOSI
6onpmroit ryouns: / B. @. Taxpamanos, D. A. Acnanos // Mexaunuka. Vccenosa-
Hua v naHoBarmu. — 2021, — Bem. 14. — C. 41-46.

B. @. T'AXPAMAHOB, 3. A. ACJIAHOB
Asepbatioscanckuti mexHuyeckull yHugepcumem, baxy, Azepbaiiocan

©®OPMUPOBAHUE NIJIACTHYHOI'O XPOMHUPOBAHHOI'O CJ1051
BOJIBIIOU I')TYBUHBI

[Tpn XpoMupOBaHNH HU3KOJIETUPOBAHHOW CTAIN HEKOHTAKTHBIM CIIOCOOOM M3 MapOBOM
(a3bl B yCIOBUSIX MOBBIIICHHOTO HaTeKaHWs BO3IyXa B pabodyro Kamepy HOJTydeHBI TuQ-
¢y3uoHHBIE cou TIyOnHOM 10 3 MM. TexHoNMOrmYecKne UCIBITaHUS 00pa3lioB M U3ICTHIA
U3 JIUCTOB, IOJYYCHHBIX MMPOKATKOH XPOMHMPOBAHHBIX 3arOTOBOK, MOKAa3alH, YTO JIy4IINe
pe3yNbTaThl IPH XPOMHUPOBAHHH B BaKyyMe HaOJIOIAIOTCSA B TOM Ciydae, KOrja OHO CO-
MPOBOXKAAETCS 003y TIIePOKMBAaHHEM OCHOBBI.

Ki1ioueBble cj10Ba: XpOMUPOBAaHUE, BaKyyM, IUIacTHUecKas aedopmarust, tuddysus,
CTaJlb, MUKPOIIOPHUCTOCTb.

V. F. GAKHRAMANOV, E. A. ASLANOV
Azerbaijan Technical University, Baku, Azerbaijan

FORMATION OF LARGE DEPTH PLASTIC CHROMIUM-PLATED LAYER

Diffusion layers up to 3 mm depth are obtained at the process of low-alloy steel chrome
plating by the noncontact method from the vapor phase under conditions of increased air
leakage into the working chamber. Technological tests of the samples and sheet products,
produced by the chrome-plated billets rolling, demonstrated that the best results for chromium
plating in vacuum are observed when it is performed with the decarburization of the base.

Keywords: chromium-plating, vacuum, plastic deformation, diffusion, steel, microporosity.



HJuynun, J{. A. Onenka Hecymiel ciocOOHOCTH BEPTHKAIBHBIX CTBOJIOB IIAXT
Ha OCHOBE KoMIbIoTepHOTO MoaeimpoBanus / 1. A. duynuu, M. I'. Kysuenosa //
Mexanunka. UccienoBanus u nanosarmu. — 2021. — Bemm. 14. — C. 47-56.

. A. AUYVIIUHY, M. I'. KY3HEIL]OBA?
Y0A0 «Tpecm Ilaxmocneycmpoiiy, Conuzopcx, Beaapyce
2Benopycckuii 2ocydapcmeennviii yuueepcumem mparncnopma, Tomens, Benapyco

OLIEHKA HECYILIEN CIOCOBHOCTH
BEPTHUKAJIBHBIX CTBOJIOB IIIAXT
HA OCHOBE KOMIIBIOTEPHOI'O MOJIEJIMPOBAHUSI

B paboTe mpuBeneHbI pe3ynbTaThl NpeIBapUTEIbHON OLEHKH Hecylleld CIOCOOHOCTH
BEPTUKAIBHBIX CTBOJIOB IIaXT COJIUTOPCKOr0 MECTOPOKACHUs KanuiiHoi conu. C ucnoib-
3oBaHHeM Moayss Static Structural umxeHepHoro nporpammHoro komiuiekca ANSY'S Bbi-
TIOJTHEHO KOMIBIOTEPHOE MOJEIHPOBAHUE HAIPSHKEHHO-Ae(OPMHPOBAHHOTO COCTOSHHS
psiia MIaXTHBIX CTBOJIOB Ha OCHOBE PACcCUMTAHHBIX AHATUTHYECKHM CIIOCOOOM 3HAUCHUIt
JIaBJICHHUH OT TOPHBIX MOPOJI, OKPY)KAIOIIUX BEIPAOOTKY.

KiroueBble cjioBa: BEpTHKAIbHBIM CTBOJI IIAXThl, KOMIIBIOTEPHOE MOJECIUPOBAHUE,
HaINpsHKEHHO-Ae(OPMUPOBAHHOE COCTOSIHUE, OIIEHKA HECYIeH CIIOCOOHOCTH.

D. A. DZIULIN?, M. G. KUZNIATSOVA?
LJSC “Trest Shahtospetsstroy”, Soligorsk, Belarus
2Belarusian State University of Transport, Gomel, Belarus

PRELIMINARY LOADING CAPACITY ESTIMATION FOR VERTICAL MINE
SHAFTS BASED ON COMPUTER MODELING

The paper presents investigations on the initial estimation of the loading capacity of verti-
cal shafts of the Soligorsk potash salt mines. Using the Static Structural module of the ANSYS
engineering software package, a computer simulation of the stress-strain state of a number of
mine shaft based on analytically calculated pressures from rocks surrounding the mine.

Keywords: vertical shaft of a mine, computer simulation, stress-strain state, assessment
of bearing capacity.



Jdypunsik, B. B. Omnerka a’poAnHAMHYIECKUX XapaKTEPUCTHK OMOHUYECKUX
dopm / B. B. Jdyprwisk, H. H. Kusunosa, O. A. Kopsikuna, A. U. Xamuw,
H. . umos // Mexannka. Uccnenosannsa n naHoBarmu. — 2021, — Bemmn. 14, —
C. 57-66.

B. B. IVPIIIVIAIK, H. H. KU3UJIOBA, O. A. KOPAKHHA, A. Y. XAJIMH, H. H. ITHIIIOB
Xapvrosckuil nayuonansulii ynusepcumem um. B. H. Kapasuna, Xapvros, Yxpauna

OIIEHKA ADPOJUHAMUNYECKHNX XAPAKTEPUCTHK
BUOHUYECKHUX ®OPM

B nocnenane rogsl OMOHUYECKUH M3aifH, OCHOBAaHHBIN HA HCIOJIL30BAaHUHU (OPMEI Tel
U OT/ENBHBIX JJIEMEHTOB JICTAIOLIMX M BOJOIUIABAIONIMX JKMBOTHBIX, OBUT MCIIONB30BAaH B
aBHALMK U CYJOCTPOCHHH OT MajbIX JJPOHOB JIO CYNEPTSDKEIbIX TPAHCIIOPTHBIX CPE/ICTB.
B pabote npuBeneH kpatkuit 0030p Hanboiee HHTEPECHBIX TEXHUYECKUX PEIICHUH U MPo-
QHATM3UPOBAHBl HPHHIUIBI BBICOKOI 3()(EKTHBHOCTH IUIAaBaHUS U IIOJETa B IPUPOIE.
C nOMOIIBIO METO/Ia KOHEYHBIX 3JIEMEHTOB IPOBE/ICH CPaBHHUTENBHBIN aHAIN3 THApOMEX a-
HUYECKUX IapaMeTPOB HEKOTOPBIX BUJOB PHIO M pacCUMTaHbl X adpOJUHAMHUUYECKUE Xa-
pakTepucTHKH. [IpenosxeHbl MOAN(HUKAIIMN CYNIECTBYIONINX a’pOANHAMHIECKHUX Mpodu-
JIell, KOTOpBIE IOMOTYT YIYYIINTh UX adpOANHAMHYECKOE Ka4eCTBO.

KroueBble ci10Ba: adpoMexaHuKa, MOJbeMHAs CHiIa, KO3 UIUEHT TpeHus1, ONOHHKa.

V. V. DURSHLAK, N. N. KIZILOVA, O. A. KORYAKINA, A. I. KHALIN, N. I. SHYSHOV
V. N. Karazin Kharkov National University, Kharkov, Ukraine

ASSESSMENT OF AERODYNAMIC PROPERTIES OF BIONIC FORMS

In recent years, bionic design, based on the shape of bodies and separate elements of
flying and aquatic animals, is used in aviation and shipbuilding from small drones to super-
heavy vehicles. The paper provides a brief overview of the most interesting recent technical
solutions and analyzes the principles of high efficiency of swimming and flight in nature.
Using the finite element method, a comparative analysis of the hydromechanical parameters
of some fish species was carried out and their aerodynamic characteristics were calculated.
There are proposed the modifications of the existing aerodynamic profiles, which will help
to improve their aerodynamic quality.

Keywords: aeromechanics, lifting force, coefficient of friction, bionics.



HNuaramos, C. I'. ®puKInOHHBIN y3€7 KOJIOIOYHOTO TOPMO3a JOKOMOTHBOB U
rpy3oBbix Baronos / C. I'. Unaramos // Mexanuka. VccienoBanus 1 HHHOBAIIAH. —
2021. — Bem. 14. - C. 67-74.

C. I UHATAMOB
bBenopycckuii 2ocyoapcmeennulii ynueepcumem mpancnopma, I omens, benapyce

®PUKLIMOHHBIN Y3EJ] KOJOJOYHOI'O TOPMO3A
JJOKOMOTHBOB U I'PY30BbIX BATOHOB

[TpemnokeHa ceKIMOHHAS TOPMO3HAsI KOJIOAKA JUIS TPY30BBIX BATOHOB U JOKOMOTHBOB
1 ITOKa3aHbl ee IPEerMyILecTBa P UCIIOIb30BaHUU B (PPUKIIMOHHOM Y3JI€ TO/IBIKHOTO
cocrasa. [IpuBenen pacueT KO3 PHUIHUEHTOB TPEHHUA U YAETbHONH TOPMO3HOM CHIIBI, peajlu-
3yeMoii KOMOHHUPOBAaHHBIMHU KOJIOJJKAMHU HOBOT'O THIIA JUIS THaIla30Ha CKOPOCTEH ABHIKe-
HUs 110e3/1a. BeInoHeHHbIe pacdyeTsl IPOIeMOHCTPUPOBAIIY, UTO IIpeJIaraéMble TOpMO3-
HBIE KOJIOAKU MOTYT OBITh PEKOMEHIOBAHBI AT AANBHEHIIIET0 H3yUSHUs U BHEPEHHUS B
9KCILTYaTaIUIO JKEJIE3HBIX JIOPOT.

KnroueBble c10Ba: TOpMOXKEHHE, KOMIO3UIUOHHAS U YyTyHHasl KOIOJIKH, Kod(dumnu-
€HT TPEHHs, CUJIa HaXKaTusl, TOPMO3Has CHJIA.

S. G. INAGAMOV
Belarusian State University of Transport, Gomel, Belarus

FRICTION UNIT OF THE BODY BRAKE OF LOCOMOTIVES
AND FREIGHT CARS

A sectional brake shoe for freight cars and locomotives is proposed and the advantages
of its usage in the frictional unit of a rolling stock is shown. The calculation of the coeffi-
cients of friction and the specific braking force implemented by the combined pads of a
new type for the train speed range is given. The performed calculations show that the pro-
posed brake pads can be recommended for further study and implementation in the opera-
tion of railways.

Keywords: braking, composite and cast iron pads, coefficient of friction, pressing
force, braking force.



KosTyH, B. A. lccnenoBanue BeIWYMHBI SHEPTUU B3aUMOAEHUCTBUS YIJIEPOI-
HBIX HaHOTPYOOK / B. A. KosryH, B. H. [acosem, B. A. Jloamus // Mexanuka. Hc-
ciegoBanus u nHHOoBauwu. — 2021, — Bemmn. 14. — C. 75-82.

B. A. KOBTYH, B. H. [IACOBEI[, B. A. JIOAH?
YWuusepcumem epascoanckoii sauwumsr MYC Benapycu, Munck, Beaapyce
2Benopycckuii 2ocydapcmeennviii yuueepcumem mpancnopma, Iomens, Benapyco

UCCJIEJOBAHME BEJIWYUHBI SHEPTUHU B3AUMOJENCTBUS
YI'JIEPOJJHBIX HAHOTPYBOK

PaccmarpuBaeTcs BIIMAHHME MPOCTPAHCTBEHHOTO PACIOJIOKEHUS YIIEPOJHOIO HAaHO-
CTPYKTYPHOI'O HAIOJIHUTEJI Ha BEIMYMHY SHEPrHU arjioMepalyy. Y CTaHOBIECHO, YTO 3Ha-
YEHHs YHEPTUH B3aHMOJACHCTBUSI [P MAapalIeIbHOM PACION0KEHNH YTIEPOAHBIX HAHOTPY-
6GOK 3HAYUTEIHHO BBIMIE IT0 CPABHEHUIO CO CIyYaeM CKPEHIMBAIOIIETOCS HX PACIIOIOKEHUS,
1 00BACHACTCS 3HAYUTEIBHOM MPOTHKEHHOCTHIO B3aUMO/ICHCTBHS. Y BEINUCHUE PACCTOSHUS
MeXy B3auMoencTByIomMUMU YHT 3HaUNTENbHO CHIKAET SHEPTHIO B3aUMOIEHCTBHUS.

KiroueBrblie cjioBa: YTJI€pOaAHBIE HaHOpr6KI/I7 METAJUIMYECKasd MaTpuia, KOMIIO3UIU-
OHHBIE MaT€pUaJibl, SHEPIUL B3aPIMO[[eI>iCTBPIH, arjioMmepanus.

V. A. KOVTUN!, V. N. PASOVETS!, V. A. LODNYA?

tUniversity of Civil Protection of the Ministry for Emergency Situations of the Republic of
Belarus, Minsk, Belarus

2Belarusian State University of Transport, Gomel, Belarus

INVESTIGATION OF THE CARBON NANOTUBES INTERACTION ENERGY VALUE

The influence of the spatial arrangement of carbon nanotubes on the value of the ag-
glomeration energy value is shown in this paper. It is obtained that the interaction energy
value for a parallel arrangement of carbon nanotubes significantly exceeds the energy value
for their crossed arrangement, that is explained by the considerable length of the interac-
tion. The interaction energy significantly decreases with an increase in the distance between
interacting carbon nanotubes.

Keywords: carbon nanotubes, metal matrix, composite materials, interaction energy,
agglomeration.



Konnsinko, E. B. PacueT KOHTaKTHOrO COBUIOBOTO HANpsDKEHUS AJs KoJieca
¢ medopmupyemoit iepudepueit / E. B. Kogusako J[. A. Yeproyc // Mexanuka.
Uccnenosanns n nanosarmu. — 2021. — Beim. 14. — C. 83-89.

E. B. KOJHAHKOY2, JI. A. YEPHOYC?

1340 «Conuzopcxuii uncmunym npobrem pecypcocbepescenust ¢ Onvimuvim
npoussoocmsomy, Coauzopck, Berapyce

2Benopycckuii 2ocyoapcmeennsiii ynueepcumem mpancnopma, Iomens, benapyce

PACYET KOHTAKTHOI'O CABUI'OBOI'O HANIPSI)KEHUSA
JJISA KOJIECA C AE@OPMUPYEMOMU ITIEPUDPEPUEN

Pa3paborana HOBasi MaTeMaTH4ecKasi MOJIENb Havala KadyeHHs KECTKOTO KoJjieca C TOH-
KHM JIMHEHHO YIPYTHM MOKpHITHEM. JleopMHUpOBaHE IMOKPHITHS ONUCHIBACTCS B paMKax
Mojenn ocHoBaHUS Bunkiepa. IIpu 3ToM yuuThIBaeTCS aCHMMETpPUS PACIIPEAEIeHNs KOH-
TaKTHOTO JABJICHUs, OOyCIOBIICHHas IEHCTBYIOIIMM Ha KOJECO MOMEHTOM. PaccmoTpen
BeIyIIHI PeXHUM KadeHHs IpH (HUKCHPOBAHHOM 3HAYEHHH TOPHU3OHTANBHOHN cwuibl. [Toxy-
YeHBI pacueTHBIC PacHpeeNICHUs] CABUTOBOTO HAIPSDKEHUS B 00JIACTH KOHTAKTa IPH pas-
JIMYHBIX 3HAUEHUAX JCHCTBYIOLIEIO MOMEHTA.

KiroueBble cj10Ba. MOJIEIIb OCHOBAHHUS BI/IHKJIepa, KOHTAKTHOC JaBJICHHUC, KOHTAKTHOC
CIABUI'OBOC HANPSKEHUE, MOMEHT CONPOTUBJICHHUSA Ka4CHHWIO, 30HA CUCIUICHHA, 30HA MNPO-
CKaJIb3bIBAHUS.

A. V. KADNIANKALZ D. A. CHARNAVUS?

1JSC "Soligorsk Institute of Resources Saving Problems with Pilot Production”, Soligorsk,
Belarus

2Belarusian State University of Transport, Gomel, Belarus

CALCULATION OF THE CONTACT SHEAR STRESS
FOR A WHEEL WITH A DEFORMABLE PERIPHERAL

A new mathematical model of a rolling beginning of a rigid wheel with a thin linearly
elastic coating is developed. The coating deformation is described in the Winkler founda-
tion model terms. There is taken into account the asymmetry of the contact pressure distri-
bution caused by the torque acting the wheel. The leading rolling mode is considered at a
fixed value of the horizontal force. There are obtained the calculated distributions of shear
stress in the contact area for different values of the acting torque.

Keywords: Winkler foundation model, contact pressure, contact shear stress, rolling
resistance moment, adhesion zone, slipping zone.



Ko3zea, A. I'. TepMocunoBoi M3rud ynpyron TpexXCIOWHOHN IUIaCTUHBI HA OC-
HoBanuu mactepHaka / A. I'. Koszen // Mexannka. MccneoBanust 1 MHHOBAIHHI. —
2021. — Bem. 14. — C. 90-96.

A. I'. KO3EJI
benopycckuii 2ocyoapcmeennuiii ynugepcumem mparcnopma, I omens, Berapyco

TEPMOCHWJIOBOW U3I'UE YIIPYT'OM TPEXCJIONHOM NJIACTUHBI
HA OCHOBAHHUHU ITACTEPHAKA

[IpuBeneHa mocTaHOBKa KpaeBoH 3a1auu 00 OCECHMMETPHYHOM TEPMOCHIIOBOM H3rnbe
YIPYroil HECUMMETPUYHOM MO TOJIIMHE TPEXCIOWHOW KPYroBOM IUIACTHHBI HA JByXIapa-
MeTpudeckoM ocHoBaHUHM [lacTepHaka. B TOHKHX HECyIIUX CIOSX MPUHUMAIOTCS THIOTE3bI
Kupxroda, st 1erkoro Hec)kHMaeMoro 110 TONIIWHE 3aIOJHUTENS UCHONIB3YEeTCsl MOJETb
Tumormenko. {1 onucaHusl 3aBUCUMOCTH MOZYJEH YIPYroCTH HECYIINX CIOEB OT TeMIIe-
patypsl uctions3yercs popmyna, npemnoxernas Jx. @. bemmom. Ha xoHType npennonara-
eTCsl HaJlM4Me SKeCTKOH Iuadparmbl, HPENsSTCTBYIONEH OTHOCHTEIFHOMY CIBHTY CIIOEB.
Cucrema NMUHEHHBIX AU(depeHInanbHbIX YPaBHEHHI paBHOBECHS ITOMy4eHa BapHAaIlHOH-
HBIM MeTonoM. [lomydeHo oOmiee aHATMTHYECKOE PEIIeHHE KpaeBOW 3a1aqyd B (QYHKIMIX
Beccens. IIpoBeneH ero uucieHHBIN aHaIU3 B 3aBUCUMOCTH OT TeMIIEpaTyphl IIPU PaBHO-
MEpHO PaCIpeneNeHHON Harpy3Ke 1 )KEeCTKOH 3a/ieJIke KOHTYpPa IJIaCTUHEL.

KuioueBble ciioBa: TpEXcioifHas MIacTUHA, TEPMOYNPYTOCTh, OCECUMMETPUYHBIN U3-
ru0, ocHoBanue [lacrepHaka.

A. G. KOZEL
Belarusian State University of Transport, Gomel, Belarus

THERMAL-FORCE BENDING OF AN ELASTIC THREE-LAYERED PLATE
ON THE PASTERNAK FOUNDATION

The boundary value problem formulation for the axisymmetric thermal-force bending of
an elastic three-layer circular plate, asymmetric in thickness, on the two-parameter Pasternak
foundation is presented. In thin bearing layers, Kirchhoff's hypotheses are accepted; for a
lightweight, incompressible in thickness aggregate, the Timoshenko model is used. To de-
scribe the dependence of the elastic moduli of the bearing layers on temperature, the formula
proposed by J. F. Bell is used. At the contour it is assumed the presence of a rigid diaphragm,
which prevents the relative shift of the layers. The system of equilibrium linear differential
equations is obtained by the variational method. A general analytical solution of the boundary
value problem in Bessel functions is obtained. Its numerical analysis is carried out as a func-
tion of temperature for a uniformly distributed load and rigid sealing of the plate contour.

Keywords: three-layered plate, thermoelasticity, axisymmetric bending, Pasternak foundation.



Ko3synoBa, O. B. HenuneliHbIi pacyeT peryisapHON CHCTEMEBI XKeJe300eTOH-
HBIX 0alOK Ha YIPYroM OCHOBAHHWH IIPH ACHCTBHHM CHMMETPHYHON Harpys3ku /
O. B. Kosynosa, K. A. Cupom // Mexanuka. MccnenoBannss 1 MHHOBAITMH. —
2021. - Bem. 14. - C. 97-104.

O. B. KO3YHOBA, K. A. CHPOLI
benopycckuii 2ocyoapcmeennuiii ynugepcumem mparcnopma, I omens, berapyco

HEJIMHEMHBIA PACUET PETYJSIPHOU CUCTEMBbI
KEJE30BETOHHBIX BAJIOK HA YIIPYT'OM OCHOBAHUU
TP JEMCTBUU CUMMETPUYHOM HATPY3KH

Pa3pabatbiBaeTcst METOIMKA pacdeTa BapHaI[IOHHO-Pa3HOCTHBIM METOIOM PETyIIsIpHOI
CHCTEMBI JKeJIe300€TOHHBIX 0aJOK Ha OJHOCIOHHOM H30TPOITHOM HCKYCCTBEHHOM OCHOBA-
HUH B BUJIE YIIPYTOTO CJIOSI, OTPAHHYEHHOTO 110 TOJIINHE. AITOPUTM HEJIMHEHHOTO pacyera
OCHOBaH Ha MCIIOJIF30BaHHU HTEPAIIMOHHOTO METOJa YHPYTHX peuieHuil. Pusnueckas He-
JMHEIHOCTh MaTepHalia )Kene300eTOHHBIX 0alOK YYHTBHIBACTCS 4Yepe3 aCHMITOTHYECKYIO
3aBHCHMOCTb «MOMEHT — KpHBH3HA». YHCIeHHas anpo0anus OCYIIECTBICHA C HCIOIb30Ba-
HueM nporpammuoro naketa MATHEMATICA.

KoroueBble ciioBa: KpecTooOpa3HO NepeceyeHHble 0alku, BapHallMOHHO-Pa3HOCTHBIM
METO/]], KOHTaKTHasl 30Ha, MPOTUOBI OaJKH, OCAIKH OCHOBAHMS, KOHTAKTHBIE HANPSKECHHUS,
(YHKIMOHAJ ONHOM SHEPTHU.

O. B. KO3VHOBA, K. A. CHPOLlI
Benopyccxuii 2ocyoapcmeennuii ynusepcumem mpancnopma, I omenn, berapyce

HEJUHEWHBIN PACYET PETYJISIPHOM CUCTEMBI
KEJIE3OBETOHHBIX BAJIOK HA YIIPYTOM OCHOBAHHUH
IPU JEVICTBUY CUMMETPUYHOM HATPY3KHU

Pa3pabateiBaeTcst METOIMKA pacdeTa BapHAI[IOHHO-Pa3HOCTHEIM METOIOM PETYIISIPHOIT
CHCTEMBI JKeIe300€TOHHBIX 0aJOK Ha OJJHOCIOHHOM H30TPOITHOM HCKYCCTBEHHOM OCHOBA-
HHUHU B BUJIE YIIPYT'OT'O CJI05, OTPAHMYEHHOTO 0 TOJIIIHHE. ANTOPUTM HETMHEHHOT 0 pacyera
OCHOBAH Ha HCIIOJIb30BAHUM UTEPALIMOHHOIO METOJa YIPYrux pemeHui. dusnueckas He-
JIMHEWHOCTh MaTepHana jejae300eTOHHBIX OaloK YYHMTHIBAETCS 4Yepe3 aCUMITOTHYECKYIO
3aBHCUMOCTh «MOMEHT — KPUBU3Ha». YHCIIeHHas anpo0arys OCYIIECTBICHA C HCTIOIb30Ba-
HueM nporpammuoro nakera MATHEMATICA.

KioueBble c10Ba: KpecTooOpasHO MepecedeHHble OallKM, BapUallMOHHO-PA3HOCTHBIH
METOJ], KOHTAKTHAsI 30HA, MPOTUObI OalKH, OCaIKd OCHOBAHUS, KOHTAKTHBIC HAIPSDKEHUS,
(bYHKIMOHAT TTOJTHON SHEPTHUH.



Kopo6os, B. U. I'amenne xonebaHmii MaTepraIbHON TOYKH Ha NPYXKUHE TPU
KECTKOCTH TIPYKUHEI, 3a1anHoi Herouno / B. Y. Kopo6os, T. B. Pesuna // Me-
xanuka. UccinenoBanns n nagoBanuu. — 2021, — Bemm. 14. — C. 105-111.

B. 4. KOPOFOB, T. B. PEBUHA
Xapvrosckuil nayuonansolii ynusepcumem um. B. H. Kapaszuna, Xapvros, Yxpauna

TAIIEHUE KOJIEBAHU MATEPUAJIBHON TOYKHU HA TIPYKUHE
PU )KECTKOCTH NIPYKUHBI, 3AJAHHON HETOYHO

PaccmatpuBaercsi MarepuaibHas TOYKa Ha NPY’KUHE, ABIXKYILAsCA IO MOBEPXHOCTH
6e3 Tpenus. IIpeanonaraercs, 4To ynpasisollee Bo3JeHcTBHE (ynpasisgeMas MOILIHOCTb
JBUTraTeNs) NpUKIabIBAcTCs K MaTepUalbHOM Touke. B kauecTBe BO3MYIIEHUS paccMar-
pUBAaeTCsl )KECTKOCTh NPYKUHBI, KOTOPask HEU3BECTHA TOYHO, HO €€ BEJINUUHA COOTBETCTBY-
€T HEKOTOpOMY MHTepBaity. Llens paboThl — HAWTH TaKyro TPAHHUILY IS 3HAUSHUS Kod(hu-
LIUEHTA JKECTKOCTH, IIPU KOTOPOH Mepexo] B MOJOXKEHUE PAaBHOBECHUS MPOUCXOIUT C TEM
K€ CaMbIM YINpPaBJICHUEM, YTO U IPU MOCTOSHHOH JKECTKOCTHU IpYyKUHBI. Pelenue ocHoBa-
HO Ha Mmetoze ¢yHkuun ynpasnsemoctu B. W. KopobGoBa. YcTaHoBieHa CBSI3h MEXIY Be-
JIMYUHAMU TPaHUIIBI BO3MYILEHHS U IPaHUIbl BpEMEHH JIBIDKEHU. Perienue wimoctpupy-
€TCsl CllydyaeM KOHKPETHOM HayalbHOM TOUKH.

KuroueBrble ciioBa: (byHKL[I/ISI YHIpaBJIA€EMOCTH, ycTOﬁQHBOCTL Ha KOHCYHOM HHTEPBAJIC
BpPEMCHU, pO6aCTHOC yHrpaBJICHUC, HCU3BECTHOEC OIrPpaHUYCHHOE BOSMYILICHHUEC.

V. 1. KOROBOV, T. V. REVINA
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

OSCILLATIONS DAMPING OF THE MATERIAL POINT ON THE SPRING
AT THE INEXACTLY DEFINED SPRING STIFFNESS

There is considered a material point attached to a spring moving on a frictionless sur-
face. The control input (controllable engine power) is supposed to be attached to the mate-
rial point. As a perturbation the spring stiffness is considered and it is not known exactly,
but its value is in the defined range. The purpose of the paper is to find such limit of spring
stiffness in which the transfer to the position of equilibrium is carried out in the same con-
trol as with the constant stiffness. Our approach is based on the controllability function
method proposed by V. I. Korobov. This paper shows the relations between the range of
perturbation and the bound of the motion time. The solution is illustrated by a defined ini-
tial point.

Keywords: controllability function, stability over a finite time interval, robust control,
unknown limited perturbation.



KoporkeBuu, C. T. DOKcrepnMEHTAIBHO-TEOPETHICCKOE HCCIICTOBaHHE
HaIpsHKSHHO-1e()OPMUPOBAHHOTO COCTOSHUS LICTEPH OKapHBIX aBTOMOOHIICH B
nporiecce ux skcruryatarmu / C. T'. Koportkesuy, B. A. Kostyn // Mexanuka. Hc-
cienoBanus u naHOoBamu. — 2021. — Bemm. 14. — C. 112-118.

C. I KOPOTKEBHY, B. A. KOBTYH
Yuusepcumem epasicoanckoii sauyumer MUC Fenapycu, Munck, Berapyco

SKCHEPUMEHTAJIBHO-TEOPETHYECKOE UCCJIEJOBAHUE
HAIIPSKEHHO-AE®@OPMUPOBAHHOI'O COCTOSIHUA HACTEPH
IHOKAPHBIX ABTOMOBMJIEU B ITPOLECCE UX DKCIINIYATAIIUA

[IpemyoxkeHa HOBass METOJMKA MOJCIHPOBAHUS HANPSKECHHO-Ie(HOPMHUPOBAHHOTO CO-
CTOSIHUSI IIUCTEPH IMOXKAPHBIX aBTOMOOWJICH, OTIMYAIONIASACS YYETOM SKCIECPHUMEHTATBHO
OMPEIEIEHHBIX IKCILUTYaTAHOHHBIX HATPY30K MPH Pa3INYHBIX PeKUMaxX ABMKeHus. Paspa-
GOTaHHBIE B COOTBETCTBHH C METOJHKOW KOHEYHO-3IEMEHTHBIE MOJENH LUCTePH MOXKap-
HEIX aBTOMOOMJIEH BOJIOM3MEIIEHUEM JIECATH TOHH Ha IIAacCH HOBOIO rmokoyienns MA3-6317
MO3BOJIMJIM MCCIICAOBATh XapakTep (OPMUPOBAHUS U YPOBCHb BO3HHKAIONIMX MEXaHHYC-
CKUX HANpPsDKEHUH B KOHCTPYKITHH.

KnrodeBble c10Ba: MoXXapHbBIH aBTOMOOWIIb, UCTEPHA, HANPSKEHHO-Ie()OPMUPOBaH-
HOE COCTOSIHHE, KOHEYHO->JIEMEHTHAs MOJIENb, CBAPHOE COEMHEHHE, 3aIlac IIPOYHOCTH.

S. G. KOROTKEVICH, V. A. KOVTUN
University of Civil Protection of the Ministry of Emergency Situations of the Republic of
Belarus, Minsk, Belarus

EXPERIMENTAL AND THEORETICAL INVESTIGATION OF THE STRESS-STRAIN
STATE OF TANKS OF FIRETRUCKS AT THEIR OPERATION

A new method of stress-strain state modeling for the fire truck’s tanks is proposed, it is dis-
tinguished by taking into account experimentally determined operational loads under various
driving modes. The finite element models are developed in accordance with the methodology
for the ten-tons water capacity tanks on the MAZ-6317 chassis of new generation make it pos-
sible to investigate the nature of the formation and the level of mechanical stresses in the struc-
ture.

Keywords: fire truck, tank, stress-strain state, finite element model, welded joint, safety
factor.



KpakoBa, U. E. AHanm3 HanpspkeHHO-1e(OPMUPOBAHHOTO COCTOSIHHS CIIOH-
CTBIX KOHCTPYKIMI C y4eToM TemmeparypHbix aedpopmanuii / U. E. Kpakosa,
O. U. SAxy6osuu, A. M. Kapabaes // Mexannka. VMcciaenoBanns M1 HHHOBAITHH. —
2021. — Bpmm. 14. - C. 119-125.

U. E. KPAKOBAY, O. U. AKYBOBUY", A. M. KAPAGAEB?

YBenopycckuii 2ocyoapcmeennuiii ynusepcumem mpancnopma, I'omenv, Benapycow
2Tawxenmckuii 20cyoapcmeennvlii mpancnopmuviil ynusepcumem, Tawixenm,
Vsbexucman

AHAJIN3 HATIPSI)KEHHO-IE®OPMHUPOBAHHOI'O COCTOSIHUSI
CJIOMCTBIX KOHCTPYKIUI
C YYETOM TEMITIEPATYPHBIX JED®OPMALIMIA

B mporpammuom mpoaykre ANSYS Mechanical BeimonHeH pacder HampsKEHHO-
ne(hOPMHUPOBAHHOTO COCTOSIHUSI CIIOMCTOH KOHCTPYKIMH, HaXOIMIeHCs IO IeWCTBHEM
PaBHOMEPHO pacIpeelIeHHOH CHJIbl, IIPUIIOKEHHOH K BEPXHEMY CIIOIO, C y4ETOM TeMIepa-
TYPBI ¥ MacChl 2JIEMEHTOB KOHCTPYKIMHU. TaKKe ONpeaeNeHo BIUSHHE TEMIIEpaTyphl CI0EB
UCCIIeyeMOil KOHCTPYKIMH Ha BEIMYNHY IIPOTHOOB €€ 3IEMEHTOB.

KuouyeBble ci10Ba: CIOHMCTas IUIMTA, HANPSIKEHHO-IE(OPMUPOBAHHOE COCTOSHHE,
TEPMOYIPYTHHA U3THO.

I. E. KRAKAVAL V. I. YAKUBOVICH?, A. M. KARABAEV?2
!Belarusian State University of Transport, Gomel, Belarus
2Tashkent State Transport University, Tashkent, Uzbekistan

STRESS-STRAIN STATE ANALYSIS FOR LAYERED STRUCTURES
CONSIDERING TEMPERATURE DEFORMATIONS

In the software product ANSYS Mechanical, the stress-strain state simulation is per-
formed for a layered structure under the influence of a uniformly distributed force applied
to the upper layer, taking into account the temperature and the mass of the structural ele-
ments. The influence of the temperature of the layers of the investigated structure on the
elements deflections value is also determined.

Keywords: layered plate, stress-strain state, thermoelastic bending.



Jleonenko, /1. B. JlokanbHOE Harpy>XeHUE CTYyNEHYAaTOM KPYroBOW COHIBUY-
mnactusel / 1. B. Jleonenko // Mexanuka. Uccnenosanus u naHoBanuu. — 2021, —
Bremm. 14. - C. 126-130.

/. B. JEOHEHKO
benopycckuii 2ocyoapcmeennuiii ynugepcumem mpancnopma, I omens, benapyce

JIOKAJIBHOE HAT'PYKEHUE
CTYHNEHYATOU KPYTI'OBOU COHABUY-IIVIACTUHBI

PaccMOTpeH ocecMMMETpHUYHBIH U3ru0 KPYyrJIoH yHpyroi COHIBHY-IUIACTHHBI CTYTICH-
4aTO-NEPEMEHHON TONIIMHBI 110]] ASHCTBUEM JIOKAJIbHBIX Harpy3ok. Jlis omucaHus KuHe-
MaTHKM HECUMMETPUYHOIO IO TOJILIUHE IaKeTa NMPUHATHI TUIOTE3bl JJOMaHOM HOpMaiH.
3anogHUTEINb — JIETKUN. AHATUTHYECKHUE PELICHUS MOIY4YEHBl C UCIIOJIb30BAHUEM CHCTEMBI
¢ynkunit Xesucaiina. [IpoBeeH YUCICHHBIN aHATIN3 TOJyYEHHBIX PEIICHHUI.

KnroueBble c10Ba: Kpyrosasi COHABUU-IUIACTHHA, CTyIEHYaTast TONIINHA, YIIPYyTOCTb.

D. V. LEONENKO
Belarusian State University of Transport, Gomel, Belarus

LOCAL LOADING OF A STEPPED CIRCULAR SANDWICH PLATE

An axisymmetric bending of an elastic circular sandwich plate with a step-variable
thickness under the action of local loads is considered. To describe the kinematics of a
package asymmetric in thickness, the hypotheses of a broken normal are accepted. The
filler is light. Analytical solutions are obtained using the Heaviside system of functions. A
numerical analysis of the obtained solutions is carried out.

Keywords: circular sandwich plate, stepped thickness, elasticity.



JlokTHOHOB, A. B. Kunemarnueckue U JMHAMUYECKUE YPABHEHUS JBHKECHUS
MPOCTPAHCTBEHHOTO MCIIONHATEIBHOTO MEXaHN3Ma B c(epHIecKux KoopauHarax /
A. B. Jloktnonos, A. A. Cunoposud // Mexanuka. McciaenoBanus 1 HHHOBAIUH. —
2021. — Beim. 14. — C. 131-140.

A. B. IOKTHOHOB, A. A. CH/IOPOBHY
Bumebckuii cocyoapemeennviii mexnonocuveckuil ynusepcumem, Bumebck, benapyce

KHUHEMATHYECKHUE U IUHAMUYECKHUE YPABHEHUSA IBU/KEHUA
INPOCTPAHCTBEHHOT' O UCIIOJTHUTEJIBHOT'O MEXAHU3MA
B COEPHYECKUX KOOPINHATAX

[Momy4ensl pacueTHbIe (GOPMYIBI U IpeCTaBiIeH BBIBOI MU depeHIHaIbHBIX ypaBHe-
HUH IBIKEHUS] poOOTa-MaHHUITYISITOpa, padoTaroniero B chepiuieckoil cucTeMe KOOp/IMHaT.
[pemioxkeHbl aHATNTHYECKHE 3aBUCUMOCTH JUISl pacdeTa CKOPOCTH LIEHTpa cXBara TpEX-
3BEHHOTO po0oTa C TpeMs CTEeNEHSIMH MOABIKHOCTH. [IpuBeneH BhIBOA nudQepeHnnans-
HBIX ypaBHEHHUH IBIKCHHUS LIEHTpA CXBara IPOCTPAHCTBCHHOTO HCIOJIHHUTEIBHOTO MeXa-
HHU3Ma B CepHYECKUX KOOpIHHATAX.

KnroueBble ciioBa: KMHEMaTHKa, MCHONHHUTEIBbHBIN MexaHHM3M, Au(depeHnnatbHbe
ypaBHEHUsI IBHIKEHHUS, CheprIecKie KOOPANHATEL.

A. V. LOKTIONOQV, A. A. SIDOROVICH
Vitebsk State Technological University, Vitebsk, Belarus

KINEMATIC AND DYNAMIC MOTION EQUATIONS
FOR A SPATIAL EXECUTIVE MECHANISM IN SPHERICAL COORDINATES

The calculation formulas are obtained and the derivation of differential equations of
motion of a robotic manipulator operating in a spherical coordinate system is presented.
The analytical dependencies are proposed for calculating the velocity of the gripping center
of a three-link robot with three degrees of mobility. Differential equations of spatial actua-
tor gripping center motion in spherical coordinates are obtained.

Keywords: kinematics, actuator, differential equations of motion, spherical coordi-
nates.



JlokTHOHOB, A. B. Pacuér kxuHeMaTHUeCKUX MapaMeTPOB PEKYIIUX T'OJIOBOK
MIPOCTPAHCTBEHHBIX HCIOJTHHUTENBHBIX MEXaHHM3MOB C yYETOM YIJIOB IOBOpOTA
pesuenepskarens u pesia / A. B. Jlokrnonos // Mexanuka. HcciienoBanust U WH-
noBanuu. — 2021. — Beim. 14. — C. 141-146.

A. B. JOKTHOHOB
Bumebckuil cocyoapcmeennviii mexnonocuueckuil ynuseepcumem, Bumebck, Benapyco

PACYET KHHEMATHUYECKUX ITAPAMETPOB PEXYIIUX I'OJIOBOK
INPOCTPAHCTBEHHBIX UCITOJIHUTEJIbBHBIX MEXAHU3MOB
C YYETOM YIJIOB IOBOPOTA PE3IEJAEPKATEJIS U PE3IIA

[IpemioxkeH aIrOpUTM ONpENCNCHUsS KHHEMATHYECKHX XapaKTePUCTHUK MPOCTPaH-
CTBCHHBIX HCIIOJIHUTEIBHBIX MEXaHH3MOB C YY4ETOM YIJIOB MOBOPOTA pe3lleIepKaTeNs U
pe3na. [lonydeHbl BRIpaKeHHs B MATPUIHOU OpMe, KOTOPBIC MOTYT OBITh UCIOJIb30BAHBI
MpH pacuéTax CTPEIOBUAHBIX UCIOJHUTEIBHBIX OPTaHOB MPOXOMUCCKUX M YTIIeI00bIBat0-
MIAX KOMOAHOB.

KiouyeBble ci10Ba: KMHEMaTHMYECKHM PAcy€T, MCIIOJHUTENBHBIA MEXaHU3M, CTpena,
PeKyLuas FOJIOBKa, MATPUYHBIA METOL, YToJl IOBOPOTA, PE3LEACPIKATEb, PE3ELL.

A. V. LOKTIONOV
Vitebsk State Technological University, Vitebsk, Belarus

CALCULATION OF KINEMATIC PARAMETERS
OF SPATIAL ACTUATORS CUTTING HEADS
CONSIDERING THE TOOLHOLDER AND CUTTER ROTATION ANGLES

There is proposed an algorithm for determining the kinematic characteristics of spatial
actuators, taking into account the rotation angles of the tool holder and the cutter. The ex-
pressions are obtained in matrix form, which can be used for the swept-type executive bod-
ies of tunneling and coal mining combines calculation.

Keywords: kinematic calculation, actuator, boom, cutting head, matrix method, angle
of rotation, tool holder, cutter.



MapkoBa, M. B. CoOcTBeHHBIE KOJIeOaHUSI KPYTOBOU TPEXCIOWHON CTYIICH-
gatoit mactuael / M. B. MapkoBa// Mexanuka. VccnenoBanus ¥ HHHOBAIIAH. —
2021. — Bem. 14. — C. 147-158.

M. B. MAPKOBA
benopycckuii 2ocyoapcmeennuiii ynugepcumem mpancnopma, I omens, Berapyco

COBCTBEHHBIE KOJIEBAHUS
KPYI'OBOM TPEXCJIOMHOM CTYHEHYATOM IJIACTUHBI

B pabore moxyuena cucrema aud(epeHIMANBHEIX YpaBHEHHH, OMHCHIBAIOIIAs COO-
CTBEHHBIE KOJIeOaHUs TPEXCIOWHON KPyroBOH INIACTHHBI CTYIIEHYATO-TIEPEMEHHOM TOJIIH-
HBl. I ciydaeB 3aIleMJICHHS W IIAPHUPHOTO OIMPAHMS BHEIIHET0 KOHTYpa IUIACTHHBI
MIOTy4YeHbl OTHOPOIHBIE CUCTEMbI YPABHEHUH, CITy’Kalllue ISl ONPEAeICHUs] COOCTBEHHBIX
9acTOT KoeOaHus1. BBITIOIHEH YHCICHHBIM aHAIN3 BIUSHUS T€OMETPUYECKHUX MapaMeTpoB
CTYIEHYaTO! ITACTUHBI HAa 3HAYEHHS ¢€ COOCTBEHHBIX YacTOT.

KiwueBble cioBa: COOCTBCHHBIC KOJICOAaHUs, COOCTBCHHAs 4YacTOTa, CTyIeHYATas
TpEXCcorHas Kpyrosas IUIacTHHA.

M. V. MARKOVA
Belarusian State University of Transport, Gomel, Belarus

SELF-OSCILLATIONS
OF THE CIRCULAR THREE-LAYERED STEPPED PLATE

In this paper, a system of differential equations governing the self-oscillations of a
three-layered circular plate of step-variable thickness is obtained. For the cases of anchor-
ing and hinge support of the plate outer circuit, the homogeneous equations systems that
serve to determine the eigen frequency of a stepped-thickness plate are obtained. A numeri-
cal analysis of the plate geometrical parameters effect on the eigen frequency is performed.

Keywords: self-oscillations, eigen frequency, stepped three-layered circular plate.



MapTtbiHenko, T. M. MoaenupoBanue mporeccoB AeGopMUpOBaHHUS U pa3-
PYLICHHS] KOHCTPYKIMH OAaJlOYHOTO THNA OPH HMIIyJbCHOM Harpyxenun [
T. M. Maprtsenko, C. A. IIporkesud, 1. M. Mapteiaenko // Mexannka. Hccie-
nosanusa 1 naHOBamu. — 2021, — Bem. 14. — C. 159-166.

T. M. MAPTHIHEHKO", C. A. IPOHKEBHUY?, U. M. MAPTBIHEHKO?

YWnueepcumem zpancoancroii sawumer MYC Pecnybnuxu Benapyce, Munck, benapyco
2Benopyccruii 2ocydapemeenbiii yuueepcumem, Munck, Benapyce

MOJEJIHUPOBAHMUE IMPOLNECCOB JE®OPMUPOBAHUA
N PABPYHIEHUSA KOHCTPYKIIMU BAJIOYHOI'O TUITA
P UMITYJIbCHOM HAT'PYKEHUH

PaccmarpuBatorcss MeToApl aHanM3a MPOYHOCTH CTEPXKHEBBIX KOHCTPYKLMH MOJ AEH-
CTBHEM yJapHBIX U UMITYJILCHBIX HAarpy3ok. [IpencraBiena MeToIMKa aHATUTHIECKOTO pac-
yera Oanky, K KOTOPOH MPUIIOKeHa KpaTKOBpEMEHHas Harpyska. [lomydeHo ycioBue, mpu
KOTOPOM B PE3YJIbTAaTe UMITYJILCHOTO HArpyKEHHS BO3MOXKHO 00Opa3oBaHHUE ILUIACTHYECKOTO
mapHupa. BeInosHeHo KoHeuHOo-3IeMeHTHOE MoiepoBanue B cucteMe ANSYS neiictBust
MPOJIOJBHOTO yIAPHOTO MMITYJIbCAa Ha CTEPXKEHb IMPSIMOYTOJBHOTO IMOMEPEYHOr0 CEYESHUSI.
ITokazaHo, 4TO pacyer ¢ MpUMEHEHHEM KOd(dUIMEHTa YCHICHHUS KOJIeOaHU TI03BOJISIECT C
JIOCTATOYHO BBICOKOM TOUHOCTBIO ONPENENATh AehOpMaIi KOHCTPYKIIHH.

KnrodeBble ci10Ba: MoAeMHpoOBaHHUe, IIporpeccupylomee aegopMupoBaHne, ANHAMH-
YeCKHH pacdeT, IIaCTHIEeCKUH MapHup, pa3pylIeHne, KOHCTPYKIUS OaT0YHOTO THIIA.

T. M. MARTYNENKO?, S. 4. PRONKEVICH?, I. M. MARTYNENKO?

The University of Civil Protection of the Ministry for Emergency Situations of the Republic
of Belarus, Minsk, Belarus

2Belarusian State University, Minsk, Belarus

SIMULATION OF DEFORMATION AND FAILURE PROCESSES
FOR A BEAM-TYPE STRUCTURE UNDER PULSE LOADING

Methods for analyzing the strength of rod structures under the influence of shock and
impulse loads are considered. The analytical calculation technique for a beam under a
short-term load is presented. There is obtained the condition when the formation of a plastic
hinge is possible as a result of impulse loading. There is performed a finite element model-
ing in the ANSY'S system of the longitudinal shock pulse action on a rod of rectangular
cross-section. It is shown that the calculation with the use of the vibration amplification
factor makes it possible to determine the structure deformations with a sufficiently high
accuracy.

Keywords: modeling, progressive deformation processes, dynamic calculation, plastic
hinge, destruction, a beam-type structure.



Haranay, ¥. A. [lacnenaBanHe aciMeTphli BaraHHSY BBIXaJHOTA 3BSHA MPHI-
BajJHOTA MeXaHi3Ma naHiyxHara arpsrata / V. A. Tlaramay, C. 1. Pycan,
JI. A. CiBausnka // Mexanuka. MccnenoBanus u uanoBauuu. — 2021, — Beim. 14. —
C.167-173.

V. A. [IATAIIAVY, C. I. PYCAH", JI. A. CIBAYDHKA?
'Bapanasiyxi 03spocayner ynisepcimom, bapanaeivl, Benapyco
2Benapycka-Paciticki ynisepcimom, Mazinéy, Benapyco

JACJIEJTABAHHE ACIMETPBII BATAHHSY BBIXAJTHOT A 3BSIHA
HPBIBAAHOT'A MEXAHI3MA JJAHIIYKHAT'A ATP3T'ATA

3 BBIKApBICTAHHEM reaMeTphlYHara MajgbIXOqy paclpallaBaHa METOMABIKA BBI3HAUDHHSI
aMIDTITYJHBIX BYIJIOY BaraHHSY BBIXaJHOTA 3BSHA 4YaTHIPOX3BEHHara mexanisma. Ilpan-
CTayjeHa XapaKTapbICTHIKA aciMETphli BaraHHAY 1 BBIKJIAJ3CHBI CIIOCA0BI JaCSTHEHHS
pOYHacIi aMIUTITYZHBIX BYIJIOY MasTHiKaBara psrdara. ATpbIMaHbl BBIHIK NAKIaJ3eHBI ¥
aCHOBY IIPacKTaBaHHs HKCIIEPHIMEHTAIBHBIX JIAHILYKHBIX arpararay.

KirouaBbisi CJIOBBI: JIAHITY’KHBI arparaTt, 4aTbIPOX3BCHHBI MexaHiSM, aMHJ'IiTy,ZIHLI}I
BYTJIbI, MasITHIKaBbI pbIyar, aciMeTme.

B. A. [IOTAIIOBY, C. U. PYCAH, JI. A. CUBAYEHKO?
'Bapanosuuckuii 2ocyoapcmeennbiii ynueepcumem, bapanosuuu, berapyce
2Benopyccko-Poccuiickuil ynugepcumem, Mozunés, Benapyco

UCCJEJOBAHUE ACUMMETPUM KOJIEBAHUI BBIXOAHOI'O 3BEHA
NPUBOJHOI'O MEXAHU3MA IIEITHOI'O ATPEI'ATA

C HUCIonbp30BaHMEM Te€OMETPHYECKOTO MOAXOAa pa3padoTaHa METOAWKA ONpEACIECHUS
aMIUTUTYIHBIX YTJIOB KOJEOAHWUN BBIXOJAHOTO 3BEHA HYETBIPEX3BEHHOTO MEXaHH3Ma.
IIpencraBneHa XapakTEpPUCTHKA aCHMMMETPUM KOJEOAHMH M M3JIOKEHBI  CIIOCOOBI
JNOCTIDKCHUSI PABEHCTBA AMIUIMTYIHBIX YTJIOB MAasTHHKOBOTO pbryara. I[lomydeHHBIN
Pe3yIbTaT MOJIOKEH B OCHOBY IIPOEKTHPOBAHUS SKCIIEPUMEHTAIBHBIX LETHBIX arperaTos.

KiroueBble cJIOBa: 1LIEMTHOW arperar, 4YeTHIPEX3BEHHBIH MEXaHM3M, aMIUTUTYIHbIE
YriIbl, MasITHUKOBBII pbryar, aCUMMETPUA.

V. A. POTAPOV?, S. I. RUSANY, L. A. SIVACHENKO?
!Baranovichi State University, Baranovichi, Belarus
2Belarusian-Russian University, Mogilev, Belarus

INVESTIGATION OF THE ASYMMETRY OF THE OUTPUT LINK OSCILLATIONS
FOR THE CHAIN UNIT DRIVE MECHANISM

On the basis of the geometric approach, there is developed a method for determining
the amplitude angles of oscillations of the four-link mechanism output link. The character-
istic of the asymmetry of oscillations is presented and the ways of achieving equality of the
amplitude angles of the pendulum arm are presented. The obtained result is the basis for the
design of experimental chain units.

Keywords: chain unit, four-link mechanism, amplitude angles, pendulum arm, asymmetry.



Haranmay, Y. A. MeTonplka yCTaHAyNeHHS 3aJe)KHACICH MaMiK Kaapabl-
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noBanuu. — 2021. — Beim. 14. — C. 174-182.

V. A. TIATATIAY?, C. I. PYCAH*, JI. A. CIBAYDHKA?
Bapanasiyxi Osapycayner yuieepcimom, Bapanasivel, beaapyco
2Benapycka-Paciiicki yuisepcimam, Mazinéy, Beaapyco

METO/IbIKA YCTAHAVYJIEHHA 3AJIEJKHACIEM
IMAMIK KAAPJBIHATAMI I BYTJIAMI
¥V CICTAME J3BIOX AKPYKHACIEM, 3 TYUYAHBIX AJIPI3KAM

[pancraysaeHsl JBa MeTaabl PAIRHHS 3a1aubl Ma YCTaHAYIICHHI 3aJieKHACICH MaMik
KaapJplHaTaMi 1 Byrjami ¥ cicToMe I3BIOX aKpy)KHACIIY, 3JIydYaHbIX anpaI3Kami. BrIHikam
raTara JaciefaBaHHs 3'sTyissenlia MaTIMaThIaHas MajdJlb YaThIPOX3BEHHAra MeXaHi3Ma, siKast
MOKa OBIIb BRIKAPBICTAHA MPBI PAIPHHI MPBIKIaJHBIX 3324 TIOPhIl MEXaHi3May 1 MaIlbIH, y
TBHIM JIKY IPBI IPAeKTaBaHHI 1 pa3liKy 4aTHIPOX3BEHHAra MeXaHi3Ma JIaHIy)KHa-Ta arparara.

KiwouyaBbisi CI0BBI: apr)KHaCLIi; KaapJbIHATbl; aApd3aK; MaToMaTbldHas MaadJib,
YaTbIPOX3BCHHLI MEXaHi3M.

B. A. [IOTAIIOBY, C. U. PYCAH", JI. A. CHBAYEHKO?
Bapanosuuckuii 2ocydapcmeennviii ynusepcumem, bapanosuuu, Berapyce
2Benopyccro-Poccuiickuil ynusepcumem, Mozunés, Berapyco

METOJIUKA YCTAHOBJIEHUS 3ABUCUMOCTEM
MEXIY KOOPINHATAMH U YTJIAMH
B CUCTEME JIBYX OKPYKHOCTEHN, COEAUHEHHBIX OTPE3KOM

Ipencrasnens! JBa MeTOA PEMIEHHs 3a[]aUH 110 YCTAHOBJIEHHIO 3aBUCHMOCTEH MEXTy KO-
OpIIMHATAMU U YTJIAMU B CUCTEME JIBYX OKPY>KHOCTEH, COEIMHEHHBIX OTpe3kamu. Pesynsrarom
9TOTO HCCIIEIOBAHMS SIBIIETCSI MaTeMaTHIECKast MOJIEIb YETBHIPEX3BEHHOTO MEXaHM3Ma, KOTopast
MOJKET OBITh HICTIONB30BaHA TIPH PEIIeHNN MPUKIAIHBIX 33/1a9 TEOPHI MEXaHW3MOB H MAIlIHH, B
TOM YHCJIE TIPY IPOSKTUPOBAHHH H PacUeTe YEeThIPEX3BEHHOTO MEXaHM3Ma IIEITHOTO arperara.

KiroueBble ciioBa: OKPY>XXHOCTH, KOOPAWHATLI, OTPE30K, MaTEMAaTU4YE€CKasd MOJLIb, Ye-
TBIpeX3BeHHBIﬁ MCXaHU3M.

V. A. POTAPOVY, S. 1. RUSAN?, L. A. SIVACHENKO?
!Baranovichi State University, Baranovichi, Belarus
2Belarusian-Russian University, Mogilev, Belarus

A TECHNIQUE FOR ESTABLISHING DEPENDENCIES BETWEEN COORDINATES
AND ANGLES IN A SYSTEM OF TWO CIRCLES CONNECTED BY OFFCUT

The article presents two methods for solving the problem of establishing dependencies
between coordinates and angles in a system of two circles connected by offcut. The result
of this research is a mathematical model of a four-link mechanism, which can be used in
solving applied problems of the theory of mechanisms and machines, including in the de-
sign and calculation of a four-link mechanism of a chain unit.

Keywords: circles, coordinates, offcut, mathematical model, four-link mechanism.



Murynos, A. B. EBporeiickiie pa3paOOTKi B 00JIaCTH pealn3anuy KOHICTIITHA
NpUMEHEHHs ChEMHBIX Ky30BoB/ A. B. ITurynos, B. B. ITurysos, I1. A. Jlamryk //
Mexanuka. UccienoBanus u nanoBarmu. — 2021, — Bemm. 14. — C. 183-189.

A. B. IIUT'YHOB, B. B. [INT'VYHOB, I1. A. IALIIVK
benopycckuii cocyoapcmeennvlii yHusepcumem mparcnopma, 2. I omens, berapyce

EBPONEMCKHE PA3PABOTKHU B OBJIACTH PEAJIM3ALIUN
KOHIENIUA NPUMEHEHUA CbEMHBIX KY30BOB

B craTtbe m3noxkeHBl OCHOBHBIE pa3paboTku eBporneiickux xommanuii « WASCOSAY,
«Innofreight» u np., HanpaBiIeHHBIC HA MPAKTHYECKYIO PEATH3ALMI0 KOHLCTIIUH TPUMEHE-
HUS CBEMHBIX Ky30BOB. PaccMOTpeHBI KOHCTPYKTHBHBIE OCOOCHHOCTH CHEMHBIX Ky30BOB
Pa3IMYHOTO Ha3HAYCHUS U IIAT(OpM U UX IEPEBO3KH (TUIATPOPM-HOCHTEINEH).

KiioueBble cJI0Ba: ChEeMHBId Ky30B, TaHK-KOHTCHHEpP, KOHCTPYKLUS, IuiaTdopma-
HOCHTEIb, XOIIEp, IUCTEPHA.

A. V. PIHUNOU, V. V. PIHUNOU, P. A. DASHUK
Belarusian State University of Transport, Gomel, Belarus

EUROPEAN DEVELOPMENTS IN THE FIELD OF IMPLEMENTATION
OF THE REMOVABLE BODY APPLICATION CONCEPT

The article outlines the main developments of the European companies "WASCOSA",
"Innofreight" and others aimed to the practical implementation of the concept of removable
bodies using. There are considered the design features of removable bodies for various
purposes and platforms for their transportation (carrier platforms).

Keywords: removable body, tank-container, structure, carrier platform, hopper, tank.



Iyraro, A. B. AHanu3 TEXHUYECKOTO COCTOSHUS IapKa BaroHOB JH3EJIb-
noesnoB cepun JIPB1 Genopycckoii sxenesnoit goporu/ A. B. Ilytsro, JI. B. Oro-
pomunkoB, C. M. IlertneB // Mexannka. Mccnenosanns u mHHOBanmu. — 2021, —
Bem. 14. — C. 190-194.

A. B. IIYTATOY, JI. B. OTOPOIHUKOB?, C. M. ITIBIT/IEB?

omenvcxuii 2ocyoapcmeennviii mexnuuveckuii ynusepcumem um. I1. O. Cyxozo,
Tomens, benapyco

2Benopyccruii 2ocydapemeennvtii yuueepcumem mpancnopma, Iomens, Benapyce

AHAJIN3 TEXHUYECKOI'O COCTOsHUSA
ITAPKA BAI'OHOB JTU3EJIb-IIOE3/10B CEPUH 1PB1
BEJIOPYCCKOM KEJIE3HOU JOPOT'

AHanmm3upyercsi BO3MOKHOCTb 0€3011aCHOTO HCIIOJIb30BaHUS BarOHOB JH3€NIb-TI0C3I0B
cepuu JIPB1 nmocne anmutenpHoM sKcrutyaTanuu Ha benopycckoii sxene3Hoi nopore. Paspa-
0OOTaHbI TUATHOCTHYCCKHUE KAPTHI JJISI CHCTEMATH3AIMN PE3YJIbTATOB TEXHHYECKOTO 00CIe-
JOBAHUsI METAUVIOKOHCTPYKIIMH BaroHOB. Y CTAHOBJICHBI THITHYHbBIC MOBPEKICHUS METal-
JIOKOHCTPYKIUHU BaroHoB. [ToydeHbl MUHMMAbHBIC 3HAYCHHS TONIIUH KOHCTPYKTHBHBIX
3JIECMCHTOB HECYIIMX KOHCTPYKIHI BaroHOB, KOTOPBIC SIBISIOTCS HMCXOJHBIMH JaHHBIMH
JUTSL OLIEHKH COOTBETCTBHSI IIPOYHOCTH aKTYaJIbHBIM TPEOOBAHHSIM.

KnrodeBble cjI0Ba: BaroHbl IU3€Nb-TIOE37I0B, HECyIas KOHCTPYKIMS, AHATHOCTHIE-
cKas KapTa, Hepa3pyMIAIOIIUA KOHTPOJb, SKCILUTyaTAIl[MOHHBIE MOBPEXKACHHUS, IIPOYHOCTD,
OCTaTOYHBIN pecypc.

A.V.PUTSIATAL L. V. OGORODNIKOV?Z, S. M. PYTLEV?2
1Sukhoi State Technical University of Gomel, Gomel, Belarus
2Belarusian State University of Transport, Gomel, Belarus

TECHNICAL CONDITION ANALYSIS FOR THE DRB1 SERIES
DIESEL TRAINS FLEET OF THE BELARUSIAN RAILWAY

There is analyzed the possibility of safe use of the DRB1 series diesel-trains after the
long-term operation on the Belarusian railway. The diagnostic cards are developed to sys-
tematize the results of technical examination of the railway cars’ metal structures. The typi-
cal operational damages of the railway car metal structures are established. There are ob-
tained the minimum values of the structural elements thicknesses for the load-bearing struc-
tures of railway cars, which are the initial data for assessing the compliance of the strength
with the current requirements.

Keywords: diesel train cars, load-bearing structure, diagnostic card, non-destructive
testing methods, operational damage, durability, residual resource.



Padeuxas, O. U. Pexxum pa®oThl NOAIIMITHUKA CKOJBXEHUS C YUETOM Tpa-
angHbIX yeosuit / O. . Pabenkas, E. H. ®ucenko// Mexanuka. ccnemoBanust u
naHoBanuu. — 2021. — Beim. 14. — C. 195-199.

O. U. PABEIIKAA, E. H. ®UCEHKO
Cubupckuil 20cy0apcmeentblll YHUBepcumem HayKu U mexHoi02ull
um. akao. M. @. Pewemnesa, Kpacnospck, Poccus

PEXXUM PABOTBI IOAIIHUITHUKA CKOJIbKEHU S
C YYETOM I'PAHUYHBIX YCJIOBUI

PaccMoTpeHO TeueHue BI3KOH JKHIKOCTH IIOCTOSTHHON IDIOTHOCTH MEXIY BajOM H TOH-
KM YIPYTHM IVJIMHAPAYECKHM CIIOEM, 3aKPETUIEHHBIM B )KECTKOM HEMOABH)KHOM KOPITY-
ce. [lomyueHo monuduuupoBanHoe ypaBHeHHe PeitHomnbaca ¢ yuerom 3¢ddekra rpaHIIHO-
IO CKOJIBYKCHHS U BOJTHHUCTOCTH BKJIA/IBIIIIA.

KiroueBrbie ciioBa: TMOAUIUITHUK CKOJIbXKCHHUS, YPAaBHECHUC PeﬁHOJ’IBZ{Cﬁ, 3(1)(1)8KT rpa-
HHYHOTI'O CKOJIbXKCHHS.

O. I. RABETSKAYA, E. N. FISENKO
Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia

OPERATING MODE OF THE SLIDING BEARING TAKING INTO ACCOUNT
THE BOUNDARY CONDITIONS

The flow of a viscous fluid of constant density between a shaft and a thin elastic cylin-
drical layer fixed in a rigid stationary body is considered. A modified Reynold’s equation is
developed taking into account the effect of boundary sliding and the insert waviness.

Keywords: plain bearing, Reynold’s equation, boundary slip effect.



Poruak, H. JI. Mexanndeckass Harpy3ka U HNOBPEXACHUE 3JIEMEHTOB IOPOJI-
cKo# uH(ppacTpykTyps! ipHu mropmoBoM Betpe / H. JI. Poruak, H. H. Kuzuosa //
Mexanuka. UccienoBannsa u nanosarmu. — 2021. — Bemm. 14. — C. 200-209.

H.JI. PhIYAK, H. H. KU3UJIOBA
Xapvrosckuil nayuonansHulii ynusepcumem um. B. H. Kapasuna, Xapvros, Yxpauna

MEXAHNYECKAS HATI'PY3KA U ITIOBPEKIEHUE 9JIEMEHTOB
IrOPOACKOUN NHO®PACTPYKTYPBI TP HLITOPMOBOM BETPE

I'mobanbHBIe M3MEHEHHs KIIMMaTa MPUBENN K TTOBBINICHHIO CPETHEI0I0BOH TeMIIepaTy-
pHI BO3IyXa M CBS3aHHBIMH C HUM M3MEHEHHMSIMH TeMIIepaTypbl M CKOPOCTH TIIOOAIbHBIX
OKEaHHYECKHUX TCUCHHUH, TeHepalii OBICTPBIX «BOJIH TEIUIa», CHIPKCHHUIO CPEIHEro ypOBHS
0CaJKOB NPU POCTE UHTEHCHBHOCTH JIOKAJIbHBIX JINBHEH M CHETOINAJIOB, MOSBICHUU BHE-
3aIHBIX IITOPMOBBIX BETPOB M TOPHAIO0. Bee 3TO moBkIaeT TpeGoBaHM K MEXaHHIECKOMH
MIPOYHOCTH U IITOPMOYCTOHYUBOCTH TOPOJCKOH 3aCTPOMKU M MH(DPACTPYKTYpHI, YTO CBSI-
3aHO HE TOJIBKO C HOBBIMM MaTepUalaMU H TEXHOJOTHSAMH, HO U C a3POMEXaHHYECKUM [IH-
3alfHOM TOPOACKHUX Tepputopuil. B paboTe mpuBeneH kpaTkuii 0030p MpeaiaraeMbIx MOJ-
XO/IOB U TIPHBEJICHBI IPHMEpHl PEIICHUs] COOTBETCTBYIONIMX 3alad C IOMOIIBI0O METOJa
KOHEYHBIX 3JIEMCHTOB, PCAM30BaHHOTO B MakeTe Mpukiaaanbix nporpamm ANSYS Fluent
2021R2. O6CyxaaroTcsi BO3MOXKHOCTH CHIDKCHUS MEXaHWYECKOW HArpy3Kd Ha TOPOJICKUC
3J1aHUS C TOMOIIBIO MOAN(HKALMI TEOMETPHHU 3aCTPOMKH.

KnroueBble ciioBa: BeTpoBasi Harpy3ka, MaTeMaTHIECKOE MOJIEINPOBAHNE, HAPSDKECH-
HO-71e(pOpPMHUPOBAHHOE COCTOSTHHE, Pa3pyIICHHEe KOHCTPYKIIHH.

N. L. RYCHAK, N. N. KIZILOVA
V. N. Karazin Kharkov National University, Kharkov, Ukraine

MECHANICAL LOAD AND DAMAGE OF URBAN INFRASTRUCTURE
ELEMENTS AT A STORM WIND

Global climate changes have led to an increase in the average annual air temperature
and associated changes in the temperature and velocities of global ocean flows, the genera-
tion of fast "heat waves", a decrease in the average precipitation level accompanied by an
increase in the intensity of local rainfalls and snowfalls, the appearance of sudden storm
winds and tornadoes. All these factors increase the requirements for the mechanical
strength and storm resistance of urban buildings and infrastructure, which is associated not
only with new materials and technologies, but also with the aeromechanical design of urban
areas. The paper provides a brief overview of the proposed approaches and some examples
of solving the corresponding mechanical problems using the finite element method imple-
mented in the ANSYS Fluent 2021R2 software. Possibilities of reducing the mechanical
stress on urban buildings by means of the building geometry modifications are discussed.

Keywords: wind load, mathematical modeling, stress-strain state, structural failure.



Caxapos, II. A. HccnenoBanne npomoNsHONW JUHAMUKH TPY30BOTO Ioe3la
IIPH AIIEKTPOANHAMHYECKOM TOPMOYKEHUH B YCIIOBUAX TOPHOTO YJacCTKa JKEJIE3HOU
noporu Aurpen — [lam / IT. A. Caxapos, A. A. FOnmamos// Mexanuka. Uccemo-
BaHua 1 nHHOBaImu. — 2021, — Bem. 14. — C. 210-220.

II. A. CAXAPOB, A. A. FOJIJALLIOB
benopycckuii 2ocyoapcmeennuiii ynugepcumem mparcnopma, I omens, berapyco

UCCJEJOBAHME ITPOJ0JbHOM JUHAMUKHU I'PY30BOI'O MOE3/IA
IIPU JIEKTPOJUHAMHNYECKOM TOPMOXEHHNHU B YCJIOBUAX
TOPHOI'O YYACTKA )KEJIE3HOM JOPOI'Y AHI'PEH - ITATI

PaccMOTpeHO ABM)KEHHE TPY30BOTO IMOE3/a MO CIOKHOMY TOPHOMY Y4acTKy Y30ek-
CcKoif xemne3Hoit noporu AHrpeH — [lan. C moMoms0 KOMIBIOTEPHOH MOJIENH, pa3paboTaH-
HOIl B IpOrpaMMHOM KOMIUIEKCce aAuHamuueckoro mozenupoBanus MSC.ADAMS, pac-
CMOTPEHO HPOJIOJIHHO-ANHAMHYECKOE B3aHNMOJACHCTBHE BarOHOB IIPH MEPEX0/e HA PEKHM
3JIEKTPOIMHAMHYECKOTO TOPMOXKEHUS Ha cirycke 10 28 %o. [IponsBeneHa oneHka npoaoib-
HBIX CHJI B MEXBAaroHHBIX COCIMHEHMAX M0e310B ¢ cocraBaMu oT 30 1o 50 BaroHoB mpu
Hayajge TOPMOXKEHHsSI B PA3JIMYHBIX TOYKAX IepenoMa mpoduiis myTH U 3a30paX B MEXBa-
TOHHBIX cBA3AX OT 25 mo 100 mM. ITokazaHO, 4TO MpH IUTaBHOM yBEIHMYECHUH TOPMO3HOM
cutel TokomoTtuBa 20°Z-ELR B TeueHne 15 ¢ mpomoibHBIC CHIBI HE MPEBBILAIOT JIOIIY-
ctumoro aist 6e3onacHocTr 3HayeHus 1000 kH. [Ipu mmaBHOM pocTe TOPMO3HOH CHIIBI IO
MaKCUMAaJIBHOTO 3HaueHus B TedeHHe 30 ¢ HaOJIIOaeTCs CHU)KEHHE CHJI, KOTOPOE B Cpe-
HEM JUIs BCeX MEXBaroHHbIX COeIUHEHHH cocTaBuio okojo 30 %.

KuarwueBbie cioBa: MOJCJIb OBUXCHUSA I110€371a, MPOAOJbHO-AUMHaAMHUYCCKas CuJa,
MECXKBAroHHOC€ COCAMHCHUE, FOpHLIﬁ l'IpO(bI/IJ'[L MMYyTH, SJICKTPOJUHAMUYIECKOEC TOPMOKECHUE.

P. A. SAKHARAU, A. A. YULDASHOV
Belarusian State University of Transport, Gomel, Belarus

STUDY OF LONGITUDINAL DYNAMICS OF A FREIGHT TRAIN
UNDER ELECTRODYNAMIC BRAKING IN CONDITIONS
OF THE ANGREN - PAP RAILWAY MOUNTAIN SECTION

The movement of a freight train along a difficult mountainous section of the Uzbek
railway named Angren — Pap is considered. Using a computer model developed in the dy-
namic modeling software MSC.ADAMS, the longitudinal-dynamic interaction of cars dur-
ing the transition to the electrodynamic braking mode on the descent up to 28 %o is consid-
ered. The assessment of the longitudinal forces in the train inter-car connections for the
trains consisted of 30 to 50 cars is carried out at the beginning of braking at various points
of the track profile break and for the gaps in the inter-car connections varying from 25 to
100 mm. It is shown that with a smooth increase in the braking force of the 20'Z-ELR lo-
comotive for 15 s, the longitudinal forces do not exceed the safety value of 1000 kN. With a
smooth increase in the braking force to a maximum value within 30 s, a decrease in forces
is observed, which on average for all intercar connections is about 30 %.

Keywords: train motion model, longitudinal dynamic force, intercar connection, moun-
tain track profile, electrodynamic braking.



CrapoBoiiToB, J. U. V3ru6 TpexCIOHHON TIACTHHBI HEUTPOHHBIM TTOTOKOM /
3. U. CraposoiitoB/ Mexannka. WccmenoBanuss u wHHOBammu. — 2021. —
Bem. 14. — C. 221-225.

3. U. CTAPOBOHTOB
benopycckuii 2ocyoapcmeennuiii ynugepcumem mpancnopma, I omens, Berapyco

U3I'UB TPEXCJOWMHOM JIACTUHBI HEUTPOHHBIM HIOTOKOM

HccnenoBan m3rnd KpyroBoil TPEXCIOHHON IUIACTHHBI, 00YCIOBIEHHBIN MPOX0XKICHH-
eM HeHTpoHHOro noToka. [Ipeanonaraercs, 4To AeOpMHUPOBAHIE HECYLIUX CIOEB IOUH-
Hsiercst runore3am Kupxroda, B 3amosiHuUTeNe BBIIONHIETCS TUIIOTE3a THMOIIEHKO O Hpsi-
MOJIMHEHHOCTH M HEC)KHMAaeMOCTH J1e(OopMHPOBaHHOW HOpMasH. YpaBHEHUsS] PaBHOBECHS
M0JIy4€Hbl BapHUallMOHHBIM MeTofoM Jlarpamka. PemeHue kpaeBoi 3amauu Ui cilyuas
LIAPHUPHOTO ONUPAHMs Ha KOHType IUIaCTHHBI NIOJYyYeHO B KOHEUHOM Buje. MccaenoBana
3aBUCHMOCTH HaIPaBJICHUS IPOTHOa OT TOJIIMHBI BEPXHETO CIIOSI.

Ki1ioueBble c0Ba: TpexciioiHas IIAaCTHHA, HEUTPOHHBINA MTOTOK, M3TH0, HAIPSHKEHHO-
nehOpMHUPOBAHHOE COCTOSIHHUE.

E. . STAROVOITOV
Belarusian State University of Transport, Gomel, Belarus

BENDING OF A THREE-LAYERED PLATE BY ANEUTRON FLUX

The bending of a circular three-layered plate caused by the passage of a neutron flux is
investigated. The deformation of the bearing layers is governed by the Kirchhoff hypothe-
ses. In the filler, the Timoshenko hypothesis about the straightness and incompressibility of
the deformed normal is fulfilled. The equilibrium equations are obtained by the Lagrange
variational method. There is a hinged support on the contour of the plate. The solution of
the boundary value problem is obtained in the final form. The dependence of the deflection
direction on the thickness of the upper layer is investigated.

Keywords: three-layered plate, neutron flux, bending, stress-strain state.



®panukeBuy, B. C. ['panynupoBanue CloKHO-CMEIIaHHBIX yI0OpeHui B Oa-
pabannoM rpanyistope-cymmnke / B. C. ®@pannkesud, H. A. Beiconkas, A. II.
IBoprauk // Mexanuka. MccnenoBanust u naHoBarmn. — 2021. — Bem. 14. — C.
226-233.

B. C. ®PAHIIKEBHUY*Y, H. A. BRICOILIKAS'?, A. I1. JBOPHUK?

1Benopyccruii 2ocyoapemeennwiii mexmonoauueckuii ynueepcumem, Munck, beaapyce
2340 «Conuzopckuii Uncmumym npobnem pecypcocoepesicenus ¢ Onvlmusim
npousgoocmeomy, Conueopck, berapyco

3Benopyccruii nayuonanvuwiii mexnuveckuti ynusepcumem, gumuan 2. Conuzopck,
benapyco

TPAHYJUPOBAHME CJIOKHO-CMEIIIAHHBIX VJIOBPEHUI
B BAPABAHHOM I'PAHYJIATOPE-CYIINJIKE

PaccMarpuBaroTcss 0COOEHHOCTH IPOU3BOJCTBA KOMIUIEKCHBIX CJIO)KHO-CMEIIaHHBIX
ynoOpeHnii MeToqoM okaTeiBaHHs. [IpuBeneHO ommcaHue pabOTHI GapaGaHHOTO T'paHyJI-
topa-cymiku (BI'C). [IpeacTaBiena ycoBepIeHCTBOBaHHAS MaTeMaTHYECKask MOJEIb IS
OIIPEIENICHHUS CPEAHETO SKBUBAJICHTHOTO IMaMeTpa rpanyi Ha Beixone bI'C, yuuteiBaronias
MEXaHHUKY KaueHUs TPaHyJIbl 10 YaCTHIIE MTOPOILIKA.

KioueBble ci10Ba: rpaHylIMpOBaHHE, OKaTbIBaHUE, YAOOpEHHWE, peTyp, OapabaHHBII
TpaHyJIsTOP.

V. S. FRANTSKEVICH?, N. A. VYSOTSKAYA!2, A, P. DVORNIK?

!Belarusian State Technological University, Minsk, Belarus

2JSC "Soligorsk Institute of Resources Saving Problems with Pilot Production”, Soligorsk,
Belarus

3Belarusian National Technical University, branch of Soligorsk, Belarus

GRANULATION OF COMPLEX-MIXED FERTILIZERS
IN A DRUM GRANULATOR-DRYER

The features of the production of complex complex-mixed fertilizers by the pelleting
method are considered. The description of the drum granulator-dryer (DGD) operation is
given. An improved mathematical model is presented for determining the average equiva-
lent diameter of the granules at the outlet of the DGD, taking into account the mechanics of
granule rolling over the powder particle.

Keywords: granulation, pelletizing, fertilizer, retur, drum granulator.



Xoaoaaps, b. I'. [luarpaMMbl 00paTHOTO HArpy kKeHUS U HAPSDKCHUS B cede-
HUH W30THYTOTO CTepskHs Tpu peBepce Harpys3ku / b. I'. Xomomaps // Mexanuxa.
Hccnenosanus u naHOBarmu. — 2021. — Bem. 14. — C. 234-243.

b. I XOJIO/[APH
bpecmckuii cocyoapcmeennuiii mexnuueckuti ynusepcumem, bpecm, Benapyco

JUATPAMMBI OBPATHOI'O HAT'PYXKEHUSA U HAIIPSIOKEHU A
B CEHEHUHU NU30THYTOI'O CTEPKHS ITPU PEBEPCE HAT'PY3KH

Jnst ynpyro-1uiacTHYecKoro Marepuaia paccMOTpeHa cBsi3b (opM Iuarpamm jaedop-
MHPOBaHUS IPH NPSIMOM U OOpaTHOM Harpy)keHWH. [IpUMEHHUTENBHO K YHCTOMY H3THOY
CTEpIKHSI OCTPOEHBI SMIOPH! HANPSUKCHUH B CEYEHHWHU JUIA ABYX CIy4aeB. IIPU HEPEPHIB-
HOM 00paTHOM Ie(OpMHUPOBAHUN OT TOUKH pEBEpCa HArpy3KH U MPU HATHMYUU IIPOMEXKY-
TOYHOro cOpoca Harpy3ku 1o Hyisl. [IpoaHann3upoBaHBEI OCOOEHHOCTH PEATH3YIOIIMXCS
HaINpsDKEHHBIX COCTOSIHUH CTEpP)KHS B 9THX PEXKUMAX.

KioueBble ci1oBa: quarpaMMbl 1eopMupoBaHus, OobInue nedopMari, pasrpysKa,
oOpaTHOe HarpyxeHue, 3¢ dext baymmnrepa, YUCTHIH H3rH0, OCTATOUHBIC HANPSDKEHUS.

B. G. KHOLODAR
Brest State Technical University, Brest, Belarus

DIAGRAMS OF REVERSE LOADING AND STRESS
IN THE SECTION OF A BENT ROD AT THE LOAD REVERSING

For an elastic-plastic material, the relationship between the shapes of deformation dia-
grams under direct and reverse loading is considered. With regard to the rod pure bending,
stress diagrams in the cross section were obtained for two cases: with continuous reverse
deformation from the load reversal point and with an intermediate load drop to zero. The
features of the realized rod stressed states for these modes are analyzed.

Keywords: deformation diagrams, large deformations, unloading, reverse loading,
Bauschinger’s effect, pure bending, residual stresses.



Lepensi, A. A. IHEpIMOHHO-NIPYKUHHBIA CUHXPOHU3ATOP TPAHCMUCCUH TH-
TOBO-TPAHCIIOPTHOTO CpeJCTBA ¢ TapenpdyarhiMu mpyxuHamu /| A. A. Ilepens,
10. A. I'pubkos // Mexanuka. MccnenoBanus u naHOBanmu. — 2021. — Bem. 14, —
C. 244-252.

A. A. HEPEHA, I0. A. TPUBKOB
Boennas akaoemus Pecnybonuxu Benapyce, Munck, benapyce

UHEPIIMOHHO-TIPYKUHHBII CHHXPOHU3ATOP
TPAHCMHUCCHUU TAT'OBO-TPAHCIIOPTHOI'O CPEJACTBA
C TAPEJIBYATBIMU ITPY KUHAMU

PaccMOTpeHO yCTpOWCTBO, MpEeMHA3HAYCHHOE JUI BBIPABHUBAHUS YTJIOBBIX CKOPOCTCH
BaJIa W UICCTCPHH, B KOTOPOM (pU3UUECKasl CYIMHOCTh i ()PUKIIMOHHOTO M HHEPIIMOHHO-
MPY>KUHHOTO CHHXPOHU3ATOPOB Pa3INyHa. DIIEMEHTHI TPCHUS CYIICCTBYIOIICTO CHHXPOHH3a-
TOpa 3aMEeHEeHbI JIEMEHTAMH B BHUJE MpPYXHUH. [I0CKOJIBKY BHUTBIE MPY)KUHBI HE 00ecIedn-
BalOT HEOOXOIMMON KOMMAKTHOCTH, HEPTOEMKOCTH W PEryIHUPOBaHUS XOJAa CHKATHS, TO
Mpe/UIaraeTcsi NPUMEHUTh MAaKeThl TapeIb4aThiX MPYKUH. [0Ka3aHbl MPUHIMIIBL BEIOOPA
OCHOBHBIX MTAPAMETPOB CHHXPOHH3ATOPa. Y CTAHOBIICHO, YTO OH 00JIaaeT BHICOKUM OBICT-
ponencTBIEM.

Ki1roueBble ¢10Ba: MHEPLUUOHHO-TIPY>KUHHBIA CHHXPOHU3ATOD, TapesibyaTasl NpyxKHUHa,
CHHXPOHHM3AIIMs, BaJl, IECTEPHsI, KOpoOKa Hepeaad.

A. A. TSERENYA, Yu. A. GRIBKOV
Military Academy of the Republic of Belarus, Minsk, Belarus

INERTIA-SPRING SYNCHRONIZER
OF THE TRACTION VEHICLE TRANSMISSION WITH POPPET SPRINGS

There is considered a device designed to equalize the angular velocities of the shaft and
gear, in the device the physical essence for the friction and inertia-spring synchronizers is
different. The friction elements of the existing synchronizer are replaced by elements in the
form of springs. Since coil springs do not provide the necessary compactness, energy inten-
sity and control of the compression stroke, it is proposed to use cup spring packs. The prin-
ciples of choosing the main parameters of the synchronizer are shown. It is established that
it has a fast action.

Keywords: inertia-spring synchronizer, poppet spring, synchronization, shaft, gear,
gearbox.



IIumanoBkuii, A. O. MoxenpoBaHUe 3JEMEHTOB KOHCTPYKLUH MNpPUBOAA
nmopy4Hst 3ckamaropa merpomonuteHa / A. O. Illumanosckuit, I1. I1. Yupra,
. B. IpsxoB // Mexanuka. UccnenoBanus u uHHOBauu. — 2021. — Bem. 14, —
C. 253-258.

A. O. IIUMAHOBCKHUH', IT. I1. YUPTAY?, ]. B. IbAKOB*?

1Benopyccruii 2ocyoapemeennviii ynusepcumem mpancnopma, Tomens, Berapyceo
2340 «Conuzopckuii uncmumym npobnem pecypcocbepeaicenus ¢ Onvlmmim
npousgoocmeomy, Coaueopck, berapycsy

MOJIEJIMPOBAHME 3JIEMEHTOB KOHCTPYKIIUA
HPUBOJA MMOPYYHA 3CKAJATOPA METPOIIOJIUTEHA

JI1s OLICHKH AMHAMHYECKHX XapaKTEPUCTHK LEMHOM Mepenady, UCIoIb3yeMOl B IpH-
BOJI€ TOPYYHS 3CKANaTopa METPOIONUTECHA, pa3paboTaHa ee MOJENb B CPEe MPOrpaMMel
MSC.ADAMS. IlpuBeneHs! pe3yabTaThl MOJCIUPOBAHMS UL CIy4aeB Pa3HBIX PAacIIOJo-
JKEHHH HATSDKHBIX 3BE37I0UEK IMPH HECKOJIBKHX CHJIAX IPEIBapUTEIEHOTO HATSDKSHUS LIEH
1 YIJIOBBIX CKOPOCTSIX BpAICHHs BEIyIIEro Kojeca.

KnroueBble cioBa: memHas nepefada, MPHUBOJ, MOPYYHS, 3CKAaIaTOpP, KOMIBIOTEPHOE
MOJIETIHPOBAHHE.

A. O. SHIMANOVSKY?, P. P. CHIRTA!?, D. U. DZYAKAU*?

!Belarusian State University of Transport, Gomel, Belarus

2JSC "Soligorsk Institute of Resources Saving Problems with Pilot Production”, Soligorsk,
Belarus

SIMULATION OF THE METRO ESCALATOR HANDLE DRIVE
STRUCTURAL ELEMENTS

To evaluate the dynamic characteristics of the chain transmission used in the subway
escalator handrail drive, its model was developed in the MSC.ADAMS software environ-
ment. The simulation results for cases of different arrangements of tension sprockets with
several chain pretensioning forces and drive wheel angular rotation speeds are presented.

Keywords: chain transmission, handrail drive, escalator, computer simulation.



3yeB, A. A. Ompenenenue noTepb Ha AUCKOBOE TPEHHE IPH pacderax TypoOo-
HacocHbIx arperatoB / A. A. 3yes, JI. I1. Hazaposa, E. B. ®anskoBa, H. A. [auu-
10B // Mexaununka. Uccnenosauns n naHoBamun. — 2021, — Beim. 14. — C. 259-261.

A. A. 3VEB, JI. Il. HA3APOBA, E. B. ®AJIPKOBA, H. A. JAHHUJIOB
Cubupcruil 20Cyo0apcmeeH bl YHUSEPCUmem HaAyKu U mexHoL02uil
um. akao. M. @. Pewemnesa, Kpacrnosapck, Poccus

OINIPEJEJIEHUE ITIOTEPH HA TUCKOBOE TPEHUE
TP PACUHETAX TYPBOHACOCHBIX A'PEI'ATOB

[IpuBeneHs! pe3ynbTaThl HCCICAOBAHUS IOTEPh B BEICOKOCKOPOCTHBIX IIEHTPOOESKHBIX
Hacocax TypOOHACOCHBIX arperaToB JKHIKOCTHBIX PaKeTHBIX IBHUTaTelell, 00yCIOBICHHBIX
JMCKOBBIM TpeHHeM. [lokazaHO BIIMSIHHE CTENeHHM TypOyJiM3alud IMHAMHYECKOTO IIPO-
CTPAHCTBEHHOTO TIOTPAHUYHOTO CJIOSI Ha Mpoduis ckopocTr B HeM. [lomydeHs! aHaTuTHYe-
CKH€ BBIPKEHHS HAMPSDKEHUI TPEHHs, MOMEHTA CONPOTHBIICHUS] 1 MOIIHOCTH CHJI JHCKO-
BOTO TPEHHSI.

KiioueBble c10Ba: IHMCKOBOE TPEHHE, IOTEPH DHEPrHH, TYpOOHACOCHBIH arperar,
JKUJIKOCTHBIN PAKETHBIN JBUTATEIlb, MOLIIHOCTb.

A. A. ZUEV, L. P. NAZAROVA, E. V. FALKOVA, N. A. DANILOV
Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia

DETERMINATION OF DISK FRICTION LOSSES AT CALCULATIONS
OF TURBO-PUMP AGGREGATES

The results of losses investigation in high-speed centrifugal pumps of turbopump ag-
gregates of liquid-propellant rocket engines due to disk friction are presented. The influence
of the turbulence value of the dynamic spatial boundary layer on the velocity profile in it is
shown. Analytical expressions for friction stresses, moment of resistance and power of disk
friction forces are obtained.

Keywords: disk friction, energy losses, turbopump aggregate, liquid rocket engine, power.



3yeB, A. A. /luraMudecky HeCTaOMIM3UPOBAaHHBIE TEUEHHS B IMPOTOYHBIX Ya-
cTax TypbonacocHbix arperatoB / A. A. 3yes, JI. I1. Hazaposa, E. B. ®anbkosa,
H. A. Jauunos // Mexanuka. McciaenoBanus v nuuHoBanuu. — 2021. — Beim. 14. —
C. 262-264.

A. A. 3VEB, JI. Il. HA3APOBA, E. B. ®AJIbKOBA, H. A. I[AHUJIOB
Cubupcruil 20Cy0apcmeeH bl YHUSEPCUMem HAYKU U MeXHON02Ul
um. akad. M. @. Pewemnesa, Kpacnospck, Poccus

JUHAMHMNYECKHU HECTABNJIN3UPOBAHHBIE TEYEHUS
B ITIPOTOYHBIX YACTAX TYPBOHACOCHBIX AT'PEI'ATOB

PaccmarpuBaroTcss AMHAMHYECKH HECTaOMIM3MPOBAHHBIC TEUCHHS, XapaKTEPHBIE UIS
9JIEMEHTOB IPOTOYHBIX YacTel TypOOHACOCHBIX arperaToB )KHUAKOCTHBIX PAKETHBIX JBUTra-
teseld. C y4eToM pasiIMyHBIX CTeNeHeH MpoQuIIs paclpeaeneHns: CKOPOCTH B JaMHHAPHOM
U TypOyJICHTHOM NOTOKAX XHUIKOCTH IOJIy<IeHBI BBIPKCHUS A TOIIIMHBI HOTPAHIMIHOTO
CJIOSL ¥ CKOPOCTH /Ipa MOTOKA IPU TEUEHUH KXHUIKOCTU B CYXKAIOIIUXCS U PACHIUPSIOIIIXCS
KaHaJaX OMIHHAPHYECKOTO U MPSIMOYTONBHOTO IIONEPEYHOTO CEUeHNs, a TakKe B KaHAIax
MOJIOCTEH BpAIIeHHs TIEPEMEHHOTO CEUEHHSI.

KurwueBbie ciioBa: Y4aCTOK JUHAMUYECKU HeCTa6I/IJ'[I/ISI/IpOBaHHOFO TCUCHHSA, CKO-
POCTh, NOTEPU 10 AJINHE, HpOCTpaHCTBeHHHﬁ HOr‘paHI/I‘IHLIﬁ CJIOM.

A. A. ZUEV, L. P. NAZAROVA, E. V. FALKOVA, N. A. DANILOV
Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia

DYNAMICALLY UNSTABILIZED FLOWS
IN THE FLOW PATH OF TURBO-PUMP AGGREGATES

There are considered the dynamically unstabilized flows, which are typical for elements
of the flow parts of turbopump aggregates of liquid-propellant rocket engines. Taking into
account different degrees of the velocity distribution profile in laminar and turbulent fluid
flows, there are obtained the expressions for the boundary layer thickness and the flow mid-
dle part velocity at fluid flow in narrowing and expanding channels of cylindrical and rec-
tangular cross sections, as well as in channels of rotation cavities of variable cross section.

Keywords: section of dynamically unstabilized flow, velocity, losses along length,
spatial boundary layer.



Lin, Ji. Reform of teaching mechanical disciplines and exploration for top cre-
ative talents in Hohai university / Ji Lin, Dong Lei, Jing Li // Mechanics. Re-
searches and Innovations. — 2021. — Vol. 14. — C. 265-269.

JI LIN, DONG LEI, JING LI
College of Mechanics and Materials, Hohai University, Nanjing, China

REFORM OF TEACHING MECHANICAL DISCIPLINES
AND EXPLORATION FOR TOP CREATIVE TALENTS
IN HOHAI UNIVERSITY

To meet requirements of top creative talents in economic and social developments, we
introduce the reform and exploration of the training model in the national key discipline
Engineering Mechanics of Hohai University. The reform can be summarized into the follow-
ing three categories. At first, interest-oriented, we select outstanding students who are inter-
ested in scientific research, and a dynamic selection mechanism for top creative students is
proposed. Secondly, to meet the needs of the national strategy, we combine scientific re-
search and teaching together to build a top-creative talent training program that orientates
independent learning and innovative practice. Finally, by integrating the competition, crea-
tion, and training, a top-creative training platform is obtained. In this way, the students in the
discipline of mechanics perform excellent performances in universities and society.

Key words: reform for talents nurturing, Hohai University, mechanics education, inno-
vation, high-level professionals.

JK. JIMH, 1. JIEH, K. JTH
Ynuseepcumem Xoxaii, Hanxun, Kumati

PE®OPMA NPENNOJABAHUSA MEXAHUYECKUX TUCHUTIINH .
U BBISIBJIEHUE TBOPYECKHUX JIMYHOCTEU B YHUBEPCUTETE XOXAHU

C 11eNbI0 BOCTIHTAHUS TBOPYECKUX JIMYHOCTEH sl 00ecTiedyeHrs] SKOHOMHYECKOTO M COLH-
THHOTO Pa3BUTHA B YHUBepcHUTeTe X0Xail BHEApseTcs peopMa H UCCIECIOBAHIE MOIETH 00Y-
YeHUs KITFOYEBOW HAlMOHATBHOM mucimiuimael «mkenepHas Mexanuka». CyTb pedopMbl co-
CTOMT B TPEX IOJIOKCHUAX. BO-l'[epBle, OCyLL[eCTBJ'lﬂeTCﬂ 0T60p OJapC€HHBIX CTy)IeHTOB, HHTEPEC-
Cy}OLl.lI/IXCﬂ HaylleIMl/I UCCJICAOBAHUAMM, U TPECIIIOKEH MEXaHU3M JUHAMUYCCKOI'o Bb160pa nu3
HUX HauOollee TBOpUECKHX. BO-BTOPHIX, B COOTBETCTBHH € MOTPEOHOCTSMH HAIMOHATIEHOW CTpa-
TETUU MbI 061)6111/IH$[6M HaqubIe HCCIICN0BaHUA U NPENOAaBaHUE AJIA ITOCTPOCHUA MPOTrpaMMBbl
0o0ydeHws1, KOTopasi OpHEHTHPYET Ha CaMOCTOSATENBHOE 00YUCeHIE i MHHOBAIIMOHHYTO MPAKTHKY.
HakoHell, Ha OCHOBE MHTETPALIMA COPEBHOBATENHLHOCTH, TBOPUECTBA U TPEHUHIA CO3/IaHA TTEPBO-
KJ1accHast oOyJaroras miargopma. Takum oOpa3om, CTYAEHTHI, H3YYAOIINe MEXaHHKY, IOKa3bl-
BafOT OTJIMYHBIC PE3YJIBTaThl KakK B YHUBEPCUTETE, TaK U B OOIIECTBEHHOM JKI3HH.

KnroueBble ciioBa: peopma BOCIIMTAHHS TAaJTaHTOB, YHUBEPCHTET XoXail, o0ydeHne
MEXaHUKe, HHHOBAINH, MPO()ECCHOHAIBI BBICOKOTO YPOBHSL.



Komuatusiii, I. B. Vcnons3oBanue 3ajaHuil Mo aHaau3y HPOCTHIX MALIUH
JUIsL TIOBBIMICHHUS TPAKTHYECKOM ToarotoBku cryaeHtos / JI. B. KomHuaTHbIi,
A. A. Yepnoyc // Mexanuka. UccnenoBarus u naHOBarmu. — 2021. — Bem. 14. —
C. 270-274.

1. B. KOMHATHBIHY, /. A. YEPHOYC?

omenvcxuii 2ocyoapcmeennviii mexuuyeckuii ynusepcumen um. I1. O. Cyxozo,
Tomens, benapyco

2Benopyckuii 2ocyoapcmeennviii ynusepcumem mparncnopma, I'omens, Benapyce

MCIOJIb30BAHME 3AJAHUM 11O AHAJIN3Y NPOCTBIX MALIUH
JJA MMOBBIINEHUA MIPAKTUYECKOU NOATOTOBKU CTYAEHTOB

PaccmarpuBaeTcst po6iieMa MOBBIIICHS PAKTUYECKON MOATOTOBKH CTyIEHTOB, IPHBHTHS
MM HaBBIKOB aHAJIM3a MEXaHUYECKUX allapaToB U yCTpoMcTB. [l ee peleHus npeularaercs
W3ydEHHE CTYASHTAaMH MPOCTHIX MAIIIMH, U3BECTHBIX C aHTUYHOCTH, ¥ HEKOTOPBIX APYTHX 00b-
€KTOB TeXHUKH. Be1Oop TeMm i1 n3yueHnst 6asupyeTcst Ha KIACCHIECKUX Kypcax MPHKIaIHOH
MexaHuky, paspadoranHbix H. E. XKykoBckuM. Merommkoit u3ydeHns] CTyICHTaMH STHX T€M
BbIOpaHA CaMOCTOATENIbHAs ympaBisieMas pabora cryleHToB. OmnucaHbl OpraHM3alys TakoH
PaboThI, CIIOCOOBI H3JIOXKEHHS TEOPETHIECKOr0 MaTepyaa 1 yIpaBJIeHHs paboTOii CTyICHTOB.

KnrodeBble cj10Ba: IPOCTHIE MAIINHBI, CTATHKA, «30JI0TOE MPABIIIO MEXAHHUKH», yIe0-
HO-HCCIIeZIoBaTeNbCcKasi paboTa, caMOCTOsITeNbHasl yIpasisieMas pabora.

D. V. KOMNATNY?, D. A. CHERNOUS?
1Sukhoi State Technical University of Gomel, Gomel, Belarus
2Belarusian State University of Transport, Gomel, Belarus

USAGE OF SIMPLE MACHINE ANALYSIS TASKS
IN ORDER TO INCREASE THE PRACTICAL TRAINING OF STUDENTS

There is considered the problem of improving the practical training of students, instilling
for them the skills of mechanical apparatus and devices analyzing. To solve the mentioned
problem it is proposed to teach students the simple machines, known from antiquity, and some
other technical objects. The choice of topics for study is based on the classical courses in ap-
plied mechanics, developed by N. E. Zhukovsky. The methodology for studying these topics
by students is an independent, guided work of students. The organization of such work, meth-
ods of presenting theoretical material and managing the work of students are described.

Keywords: simple machines, statics, "golden rule of mechanics", educational research
work, independent controlled work.



JlokTHoHoOB, A. B. AHanmu3 ManbeiX KoiaeOaHWH DINIMITHYECKOTO MasTHHKA C
MIPUMEHEHUEM TEOPEMBI 00 M3MEHEHHH KWHETHIECKOTO MOMEHTAa B OTHOCHTEIb-
Hom aBwkennn / A. B. Jloktronos, A. A. Cumoposuu // Mexanuka. Mccnenosa-
aua v naHoBanmn. — 2021, — Bem. 14. — C. 275-279.

A. B. IOKTHOHOB, A. A. CH/[OPOBHUY
Bumebckuil 2ocyoapcmeennbiii mexnonoeuueckuil yrusepcumem, Bumebck, Benapyce

AHAJIM3 MAJIbIX KOJAEBAHUM SJIMIITUYECKOTIO MASITHUKA
C IPUMEHEHUEM TEOPEMbBI Ob U3SMEHEHUU KUHETHUYECKO-
I'O MOMEHTA B OTHOCHUTEJIBHOM JABUKEHUU

BeImonHeHO peleHne 3aaud 0 MaJbIX KOJICOAHMSX SJUIMITHYECKOTO MasTHHKA JUIS
cllydasi 3alaHHOI HadyaabHOM yriIoBoi CKOPOCTH ero ApuxkeHus. C NpUMEHEHUEeM TeOpeMbl
00 M3MEHEHN! KMHETHYECKOTO MOMEHTA B OTHOCHTEIIFHOM JIBIDKEHUH IIOJTyYeHO JINHEHHOe
HEOZHOPOHOE T (EepeHIIMANBHOE YPaBHEHNE W YCTAaHOBIICH 3aKOH ABIKCHUS MasTHUKA.
IomyueHo ypaBHEHHE IBIDKCHHUS ION3yHA B 3aBHCHMOCTH OT BPEMCHHU IIPU 3aJaHHOH
HavyaJbHON YTJIOBOM CKOPOCTHU BPAIIEHMS MAsTHHKA M CKOPOCTH MEPEMEIICHUs IIO0JI3yHa B
TOPU30HTAIFHOM HAaIPaBICHUH.

KiroueBrble cioBa: Majbie KOJ'[e6aHI/I$[, OTHOCHUTECJIIBHOC JIBUXKCHHUC, KUHETHYCCKUN MO-
MCHT, SJUTMNITUYECKUNA MASTHHK.

A. V. LOKTIONQV, A. A. SIDOROVICH
Vitebsk State Technological University, Vitebsk, Belarus

ANALYSIS OF SMALL OSCILLATIONS OF AN ELLIPTICAL PENDULUM
USING THE THEOREM OF KINETIC MOMENT CHANGE
IN RELATIVE MOTION

The problem of small oscillations of an elliptic pendulum is solved for the case of its
given initial angular velocity. Using the theorem of the kinetic moment change in relative
motion, a linear non-homogeneous differential equation is obtained and the pendulum law
motion is established. The slider motion equation as a function of time is obtained for a
given initial angular velocity of pendulum rotation and the slider’s movement velocity in
the horizontal direction.

Keywords: small oscillations, relative motion, angular moment, elliptical pendulum.
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XVII MEZKTYHAPOIHAS OJTUMITHAIA
MO TEOPETUYECKOI MEXAHUKE

Ipencrasnena nadopmarms o XVII MexryHapoaHOH OJIMMITHAzE 10 TEOPETHIECKON Me-
xaHuKe, kotopas B anpene 2021 r. mpoBeneHa B AMCTaHIHOHHOM (opmare B Bermopycckom
rOCyIapCTBEHHOM YHHBEPCUTETE TPAaHCTIOpTa. IIpHBECHBI YCIOBUS U PELICHNUS 3a/1a4, CBEJie-
HHSL O pe3yJIbTaTax OJIMMITHA/IBL.

KiroueBrble cjioBa: TECOPECTUYCCKAad MEXaHUKa, OJIMMIINaa, yCJIOBUA 3a1a4, pCIICHUS.

A. O. SHIMANOVSKY, M. G. KUZNIATSOVA, I. E. KRAKAVA
Belarusian State University of Transport, Gomel, Belarus

XVII INTERNATIONAL ENGINEERING MECHANICS CONTEST

There is presented the information about the 17th International Engineering Mechanics
Contest which took place at Belarusian State University of Transport in April 2021. The
problem tasks and solutions and the Contest results information are demonstrated.

Keywords: engineering mechanics, contest, problem tasks, solutions.



