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FORCE INTERACTION OF A MASSIVE RING
AND A MATERIAL POINT LOCATED INSIDE THE RING

The force interaction of a massive ring and a point material object is considered. The
case of the location of a point material object in the plane of the ring in its inner region is
investigated. It is determined that in the center of the ring the magnitude of the force inter-
action is minimal and increases with the distance from the center. At approaching directly
to the ring, this force sharply increases. It was established that the force acting on a point
material object is directed radially from the center.

Keywords: gravitational field strength, force interaction, massive ring.
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CHJIOBOE B3AUMOJIEACTBUE MACCHABHOI'O KOJIBIIA
C PACHOJIOXXEHHOM BHYTPH HET'O MATEPHUAJIBHOM TOUKOM

PaCCManI/IBaeTCH CHUJIOBOC B3aPIMOZ[eﬁCTBPIe MAaCCUBHOI'0 KOJIbLIa U TOYEYHOI'O MaTE€pH-
albHOr0 O00BEKTA. I/ICCJ’ICZ[yeTCH cny!{ai/'[ PaciojioKEHUsT TaKoro 00bEKTa B IUIOCKOCTH
KoJiblia BO BHy’I‘peHHeﬁ ero o0JyacTu. Onpez[eneHo, 4YTO B LNEHTPE KOJIblia BEIUWYHHaA CHUJIO-
BOro B3aPIMOZ[eﬁCTBPIH SIBJISICTCS. MUHUMAJILHOM U 110 MEpE ynalicHus OT LEHTpa OHa BO3-
pacracrt. HpI/I l'[pI/I6J'II/I)KeHI/II/I K€ HEMOCPCACTBECHHO K KOJIbIY 3Ta CHJia PE3KO BO3paCTacT.
ycTaHOBJ’IeHO, 4TO CHIIa, Z[eﬁcTByIOU.IaH Ha TOYCYHBIN MaTepPIaJ'IbHI;Iﬁ O6’beKT, HarpaBJiCHa
pagualibHO OT LCHTpA.

KiroueBbie ciioBa: HamnpsKEHHOCTh I'PpaBUTAllMOHHOI'O II0JIA, CHJIOBOE B3aPIMOZ[eﬁ-
CTBUC, MACCUBHOC KOJIbLO.



Gegedesh, M. G. Design features and parameters of movement of the Wankel
engine main elements / M. G. Gegedesh, R. Yu. Gustinovich // Mechanics. Re-
searches and Innovations. — 2022. — Vol. 15. — P. 11-17.

M. G. GEGEDESH, R. Yu. GUSTINOVICH
Belarusian State University of Transport, Gomel, Belarus

DESIGN FEATURES AND PARAMETERS OF MOVEMENT
OF THE WANKEL ENGINE MAIN ELEMENTS

In this investigation there is analyzed the influence of the ratio of the radii of the mova-
ble gear and the fixed gear of the triangular Wankel engine on the configuration of the en-
gine housing, as well as on the kinematic parameters of the rotor points, on the base of the
program created in the MatLab system.

Key words: rotary engines, Wankel engine, epitrochoid, synchronized gears.
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OCOBEHHOCTH KOHCTPYKIIUU U ITIAPAMETPbBI IBU)KEHU S
OCHOBHBIX 3JIEMEHTOB JIBUT'ATEJISI BAHKEJIA

B paGote ucciieoBaHo BIMSHHE COOTHOLICHUS PAJLyCOB HMOJBHXKHOIO 3y04aToOro Ko-
Jieca U HETOJBM)KHOM IECTePHU TPEYroNbHOro ABUrareist Bankens Ha koH(Urypanuro
KOpIlyca JBUTaTells, a TaKXkKe Ha KMHEMaTU4YeCKHUe apaMeTpbl KpailHuX Touek poTopa ¢
IpUMeHeHneM paspaboTaHHOil B cucreme MatLab nporpaMmel.

KiarwueBbie cioBa: POTOpPHBIE ABUIATEIIM, JABUrATC/Ib BaHKeJ’IH, SIUTpOXouaa, CHUH-
XPOHUBUPYIOLIUECH IECTCPHU.
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TOM Koppo3uu 3ammrtHoro ciosg / B. O. bonmapenko, A. O. [llumanosckuii // Me-
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AHAJIN3 JE®OPMUPOBAHUSI APMUPOBAHHOM BAJIKA
C YYETOM KOPPO3HMHU 3AIUTHOI'O CJIOA

PaccmarpuBaercs nedopmupoBaHue kele3006TOHHOH OalIkH, ONepTOi 10 KOHIAM, ITOJ
nelictBueM usrubaromeid Harpysku. IIpuHHMMaeTcss BO BHHMAaHHE H3MEHEHHE MeEXaHHYe-
CKUX XapaKTEPUCTUK 3alllUTHOIO CJIOS, CBS3aHHOE ¢ ero kopposuei. Ha ocHOBe koMIIbro-
TEpHOI0 MOJEIUPOBAHUS IIOKA3aHO, YTO YMEHbBIIEHHE MOAY/A YIPYTOCTU HOBEPXHOCTHOIO
ciost OeToHa BEZIeT CYIIECTBEHHOMY yBEIMYEHHIO JedopMmaruid Oayku, GuKcHpys KOTOpbIe
MOXKHO TI0JIy4aTh HH(POPMAILIMIO O CTEIEHU MOBPEXKCHHS JIEMEHTAa KOHCTPYKIINH 31aHHUSI.

KiioueBble cjioBa: xeje300eTOHHAs 6am<a, Hal'[pﬂ)KeHHO-Z[e(i)OpMPIpOBaHHOG COCTOSIHUE,
KOppo3us 3alllUTHOrO CJIOA.

V. O. BANDARENKA, A. O. SHIMANOVSKY
Belarusian State University of Transport, Gomel, Belarus

ANALYSIS OF A REINFORCED BEAM DEFORMATION
CONSIDERING THE PROTECTIVE LAYER CORROSION

Deformation of a supported at the ends reinforced concrete beam under the bending
load action is considered. The change in the protective layer mechanical characteristics
associated with its corrosion is taken into account. On the basis of computer simulation, it is
shown that a decrease in the concrete surface layer elasticity modulus leads to a significant
increase in beam deformations, using their determination it is possible to obtain information
on the damage degree for a building structural element.

Keywords: reinforced concrete beam, stress-strain state, protective layer corrosion.



Bocako, C. B. KonTakTHas 3amaya B HOJIAPHBIX KOOpAMHATaxX ANl KPYTJoi
IUIACTUHKH, HEKOTOpBIEe MepeMelieHust koTopoii orpanuueHsl / C. B. Bocakos, [O.
H. KoroB // Mexanuka. HccnenoBanuss u uHHOBauuu. — 2022. — Bem. 15. —
C. 25-30.

C. B. FOCAKOB, IO. H. KOTOB
benopyccro-Poccutickuii ynusepcumem, Moeunes, benapycw

KOHTAKTHAS 3AJJAYA B IOJSIPHBIX KOOPJIUHATAX
JUISI KPYTJION IJIACTHHKH,
HEKOTOPBIE NEPEMEIIEHUSI KOTOPOU OTPAHUYEHEI

PaccmarpuBaercs 3ajada pacdyera Kpyrjod MJIaCTUHKM Ha YNPYrOM OCHOBAaHHMHU CIIOCO-
6om b. H. J)KemouknHa npu ycloBHY, YTO 4acTh TOYEK IUIACTHHKY IpH €€ M3rube jexar B
OJHOM HakIOHHOM miockocTH. [IpakTuueckuM aHanoOroM 3TOHU 3aJauyl SABILETCA MPOCTPAH-
CTBeHHas Jeopmaryst 0a3bl BHELIGHTPEHHO CXKaTOH METaUINYECKON KOJIOHHBI KOJBLEBOIO
MOTIEPEYHOr0 CEUeHUs], JIexKaled Ha 6eTOHHOM ocHoBaHMH. [IpuBeneH mpumep pacuéra, a
TaKKe IpaUKy KOHTAKTHBIX HANPSDKEHUH M HepeMeIleHUH, IpadMK paclpenesieHHs CHII
JIaBJICHUS] KOJIOHHBI HA OIIOPHYIO IUIHTY.

KiroueBbie ciioBa: Kpyriias MJiaCTUHKA, 0a3a MeTaJUInYeCKOi KOJIOHHBI, YIIPYroe oc-
HOBAaHHUE, KOHTAKTHBIC HAIIPSP)KEHU S, cnoco6 JKemoukuHa.

S. V. BOSAKOV, Yu. N. KOTOV
Belarusian-Russian University, Mogilev, Belarus

CONTACT PROBLEM IN POLAR COORDINATES FOR A ROUND PLATE
FOR CONDITIONS OF ITS SOME DISPLACEMENT LIMITATION

The problem of a round plate on an elastic foundation calculating by the method of
B. N. Zhemochkin is considered for the case that some of the plate points at its bending lie
in one inclined plane. A practical analogue of this problem is the spatial deformation of the
base of an eccentrically compressed metal column with an annular cross section lying on a
concrete base. An example of calculation is given, as well as the graphs of contact stresses
and displacements and the distribution diagram for pressure forces of the column on the
base plate.

Keywords: round plate, metal column foundation, flexible foundation, contact stresses,
Zhemochkin’s method.



boukoB, K. A. Matemarnueckoe MOAECIMPOBAHUE ABMKEHHS SIKOPS DIEKTPO-
MarHMTHOTO KOHTaKTopa JOKOoMOTHBa mpu ero otkiwoueHuun / K. A. boukos,
J1. B. Komuarusiii // Mexanuka. MccrnenoBanus u uaHoBaiuu. — 2022, — Beim. 15. —
C. 31-36.
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MATEMATHYECKOE MOJAEJUPOBAHUE NBUKEHUA
AKOPA 3JEKTPOMATHUTHOI'O KOHTAKTOPA JTJOKOMOTHUBA
IHPA ETO OTKJIIOYEHHUH

CKOpOCTPI TIOBOPOTa SIKOPpSE U PaCXOKACHUSI KOHTAKTOB J3JICKTpOAIlapaToB SBIAIOTCA
Ba)XHBIM (baKTOpOM, onpeacIAIUM BO3ZHUKHOBEHHUE IMOBTOPHBIX 3aKUTaHUN Ayru. Pac-
CMOTPEHO JABUKCHUE SAKOPS IMPU OTKIIFOUCHUU KOHTAKTOPA, KOTOpI;Iﬁ MPUMEHSCTCA B LEMIAX
yHnpasJI€HUSL TArOBOI'O IMOJABUIKHOI'O COCTaBa. Hony'{eHo PEUICHUC YpaBHEHHUS JBUXCHUS C
MPUMEHCHUEM KyCO‘{HO-J'IPIHeﬁHOﬁ alrpoKCuMalun MEXaHHYECKON XapaKTEPUCTUKU KOH-
TaKTopa. Hpez[naraeMHi«'[ noaxo[ IO3BOJIACT IMOJYYUTh AHAIIMTUYECKUE 3aBUCUMOCTH, Xa-
PAKTECPU3YIOUE UBMEHEHUE YIJIa IIOBOPOTA SIKOPA KOHTAKTOpa U €ro yFJ'IOBOﬁ CKOpPOCTHU BO
BpEMCHHU, a TAKKE€ CKOPOCTU PACXOKACHUS KOHTAKTOB, KOTOPLIE MOI'YT OBITh HCIIOJIb30Ba-
HBbI IIpU aHAJIU3€ YPOBHS CO34aBACMBIX ITPU OTKIIIOUYCHHUU KOHTAKTOpa MOMEX.

KaroueBbie ciioBa: KOHTAKTOp, YPAaBHEHUE JIBUIKCHUS SIKOPs, [IOBTOPHOC 3aKUT'aHUE TYy-
Tu, KyCO‘{HO-J'IPIHeﬁHaH arrpoKcuMaliysi, METo4 HEONPEACIICHHBIX KO3(1)(1)I/IIII/ICHTOB.

K. A. BOCHKOV', D. V. KOMNATNY*
'Belarusian State University of Transport, Gomel, Belarus
2Gomel State Technical University named by P. O. Sukhoi, Gomel, Belarus

MATHEMATICAL MODELING FOR THE MOVEMENT OF ARMATURE
OF LOCOMOTIVE ELECTROMAGNETIC CONTACTOR AT ITS DISCONNECTION

The armature rotational velocity and the rapidity of the electric devices’ contacts diver-
gence are an important factor determining the occurrence of re-ignitions of the arc. There is
considered the armature movement for the case when the contactor is turned off, this is
used in the control circuits of railway rolling stock. The motion equation solution is ob-
tained using a piecewise linear approximation of the contactor mechanical characteristic.
The proposed approach makes it possible to obtain analytical dependences that characterize
the change in the rotation angle of the contactor armature and its angular velocity over time,
as well as the rapidity of contacts divergence, that can be used in analyzing the level of
interferences generated when the contactor is turned off.

Keywords: contactor, armature motion equation, arc re-ignition, piecewise linear ap-
proximation, method of uncertain coefficients.



Bepemeiiuuk, A. U. HanpsoxeHHO-nehopMUpOBaHHOE COCTOSIHUE 00pa3LoB C
CEepIOBUJIHBIMU 30HAMH H3MEHEHHOW CTPYKTYphl MaTepuajia MpU OCEBOM pacTs-
xkeHuu / A. U. Bepemeituuk // Mexanuka. UccnenoBanuss u uHHoBanuu. — 2022. —
Bem. 15. — C. 37-49.

A. M. BEPEMEHYUK
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HANIPA)KEHHO-JE®@OPMHUPOBAHHOE COCTOSAHHUE OBPA3IOB
C CEPIIOBUJIHBIMHY 30HAMM U3MEHEHHOM CTPYKTYPBl MATEPUAJIA
P OCEBOM PACTAXKEHHUHU

B crarbe uccnenyercs neopMupoBaHue 00pasloB C 30HAMHM M3MEHEHHOW CTPYKTYpEI
MarepHalia, KOTOpble BO3HHUKAIOT I1OCNIE TepPMOOOPAOOTKH JIOKANbHBIM BBICOKOIHEPreTHYe-
CKMM HCTOYHUKOM Harpesa. IIpoBeneHO KOMIBIOTEPHOE MOJCIMPOBAHHUE PACTSHKEHUS 00-
Pa3LOB C 30HAMU CEPHOBUAHOI (OPMEI 110 BCeil JuMHe U Ha ee yacTu. MccinenoBaHo Bius-
HHE MEXaHWYCCKHX XapaKTepUCTHK MaTepHajia 30H TepMOOOpabOTKM Ha HAIPSHKEHHO-
nehOpMHUpOBaHHOE COCTOSHME. PaccMoOTpeH ciydail ABYX HapaJuleNbHBIX 30H U Pa3HBIX
UX Pa3MEpOB U PAcCTOSIHUH Mexay HUMHU. OmnpeneneHbl KOd(GQUIMEHTH KOHIEHTPaUH
HAaIPSDKCHUH B OKPECTHOCTU TEPMOOOPaOOTaHHBIX 00JIACTEH.

KnroueBble ciioBa: 30Ha W3MEHEHHOW CTPYKTYpBI, HalpsDKCHHO-AE(OPMUPOBAHHOE
cocTosiHUe, KOI(G(UIMEHT KOHIEHTPALNY HANpPSHKEHUH, MOIY/Ib YIPYroCTH, KOd(GUIHEHT
ITyaccona.

A. I. VERAMEICHYK
Brest State Technical University, Brest, Belarus

STRESS-STRAIN STATE OF SAMPLES WITH SICKLE-SHAPED ZONES
OF CHANGED MATERIAL STRUCTURE UNDER AXIAL TENSION

In the paper there is investigated the stress-strain state of samples with zones of
changed material structure that arise after a heat treatment by a local high-energy heating
source. There is performed the computer simulation of the stretching problem for the
samples with sickle-shaped zones along the entire length and on the part of the length. The
influence of the material mechanical characteristics of the zones under the heat treatment on
the stress-strain state is investigated. The case of two parallel zones for their different
values and the distance between them is analyzed. Stress concentration coefficients in the
area of the thermo treated zones are determined.

Keywords: zone of changed structure, stress-strain state, stress concentration
coefficient, elasticity modulus, Poisson's ratio.



Bepemeituuk, A. W. Pemenue 3amauu TEepMOYNpYyrocTH As HOIYHPOCTpaH-
CTBa O JeicTBUUM JBUXKYyIIerocs ucrouHuka tema / A. WM. Bepemeituuk // Mexanu-
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PEHIEHUE 3AJJAYU TEPMOYIIPYT'OCTHU IJA TOJYIIPOCTPAHCTBA
O JEMCTBUM JIBUKYIIETOCSA UCTOYHUKA TEILIA

PaCCMOTpeHO PEUICHUE HECBA3aHHBIX 3ana4 OZ[HOpOZ[HOﬁ u HeOZ[HOpOZ[HOﬁ TEPMO-
yYHOpyrocta jsi MnoJiynpoCTpaHCTBa, Ha l"paHPI‘{HOﬁ TIOBEPXHOCTHU KOTOPOI'0 ABUIKETCA IIPs-
MOJIMHEWHO JIOKAJIbHBIA UCTOYHHK TEILIa C MOCTOSTHHOM CKOPOCTBIO.

KuroueBblie cioBa: HaIpsKEHUs, IOJIyINPOCTPAaHCTBO, 3a/ladya TEPMOYHNPYIOCTH, TEM-
rneparypa, UCTOYHHUK TEIUIA, TepMOpryFI/Iﬁ noreHuualli, HeOAHOPOAHOCTb.

A. I. VERAMEICHYK
Brest State Technical University, Brest, Belarus

SOLUTION OF THE THERMOELASTICITY PROBLEM FOR A HALF-SPACE
OF THE MOVING HEAT SOURCE ACTION

There is considered the the solution of unrelated problems of the homogeneous and
inhomogeneous thermoelasticity for a half-space when a local heat source moves
rectilinearly on the boundary surface with a constant velocity.

Keywords: stresses, half-space, thermoelasticity problem, temperature, heat source,
thermoelastic potential, inhomogeneity.
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COBEPIIEHCTBOBAHUME OBOPYJOBAHMUA
JJIA MPOU3BOACTBA I'PAHYJIUMPOBAHHOI'O XJIOPUCTOI'O KAJIUA

IpeanararoTcst HOBbIE KOHCTPYKLME 00OPYAOBAaHMS, MO3BOJSAIOMEro 3(h(GEKTUBHO Mpou3-
BOJIUTH TPAaHyJIMPOBAHHBIN XJIOPHCTHIA KMl IPH MOBBIICHHBIX TEMIIEpPATypax IPECCOBAHUSL.
IpexncraBneH TypOOJIONACTHONH CMECHTENb-arJOMEpaTop HENpPEePhIBHOTO NEHCTBHS, NpeaHa-
3HAYEHHBIH JUI arJoMepUpOBaHUs MENKO3EPHUCTBIX U MBbUICBUAHBIX YaCTHUIl XJIOPHCTOIO Ka-
JIMs, KOTOPBIA MO3BOJACT MOJIyYUTh 3HAUUTEIIBHOE MEKMOJEKYIIIPHOE CLEIUICHUE MEXaHOaK-
THUBHPOBAHHBIX TIOBEPXHOCTEH mepepabarTbiBaeMbIX YacThll. OCOOCHHOCTBIO ammapara siBiser-
csl paboyasi IWUTHMHIPHYECKAs] IOJOCTh C 3arpy304YHBIM U Pasrpy304HBIMU OKHAMH, BHYTPH
KOTOpPOH pa3MellleH Bajl C 3aKpCIUICHHBIMU Ha HEM IEPEeMEIIMBAIOIIUMU 3JIEMEHTaMH TpeX
TunoB. IIpeanoxeHa KOHCTPYKIMS Bajlbll-Ipecca A IPECCOBAHUSA YaCTULL XJIOPUCTOIO Kaus
IpY BBICOKHX TEMIepaTypax, OTIMYUTEILHOH OCOOEHHOCTBIO KOTOPOTO SIBJISETCS HalIUdHe
CHCTEMBI OXJIAXJICHUS BAJIKOB IIOCTOSHHO LIMPKYJIUPYIOLIEH OXJIaXKAarolieil KUAKOCTbIO, UTO
HCKJIIOYAeT HAJIMIIAHUE YaCTHI] IIPECCYeMOro MaTepHaia Ha pabouue MOBEPXHOCTH BaJIKOB.

KiarwueBbie cioBa: BaJIbLI-IPECC, CMECUTEIIb-arjioMeparop, XJ'IOpPICTI;Iﬁ KaJIHid.

Baranovichi State University, Baranovichi, Belarus

IMPROVEMENT OF EQUIPMENT FOR THE PRODUCTION
OF GRANULAR POTASSIUM CHLORIDE

There are proposed new designs of equipment that allows to product a granular potassi-
um chloride efficiently at increased pressing temperatures. A turboblade mixer-
agglomerator of continuous operation is presented, it is designed for agglomeration of fine-
grained and dust-like potassium chloride particles, that makes it possible to obtain signifi-
cant intermolecular adhesion of the mechanically activated surfaces of the processed parti-
cles. A feature equipment is a working cylindrical cavity with loading and unloading win-
dows, a shaft with fixed three types of mixing elements is placed inside it. A roller press
design for the potassium chloride particles pressing at high temperatures is proposed, its
distinctive feature is the presence of a cooling system for the rolls with a constantly circu-
lating coolant, that prevents the pressed material particles from sticking to the working
surfaces of the rolls.

Keywords: roller press, agglomerator mixer, potassium chloride.



Bopoxyn, U. A. BnusHue NOBTOPHBIX TOPMOXEHUH IO€37a Ha CMEILEHUE
sipycoB TpaHcrnopTtupyembix Tpyo / U. A. BopoxyHn, A. B. llunosuu // MexaHuka.
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BJUSAHUE MOBTOPHBIX TOPMOKXEHHUM MOE3IA
HA CMEHIEHUA APYCOB TPAHCIIOPTUPYEMBIX TPYB

PaCCMOTpeHa JUHaAMHUKa 1oe3aa, KOTOpI)Iﬁ COCTaBJICH U3 BaFOHOB-HJ’IaT(i)OpM C pr6aMPI
00JIBILIOr0 JAuaMeTpa, pasMEIICHHBIMU B TpHU spyCa II0 BBICOTE. MeTOZ[OM MaTeMaTUu4€CKO-
o MOACIUPOBAHUS ONPEACICHbl BEJIMYUHBI IPOAOJIBHOIO0 CMEIICHUSA SIPYCOB pr6 B Ciry4da-
AX NOBTOPHBIX TOpMO)KeHI/Iﬁ mnoesaa.

KnroueBble cioBa: miatdopma, sipycel TpyO, ympyroe KpeluieHHe, CMelleHHe Tpyo,
TOPMOXKCHUE T0€3/1a.

1. A. VARAZHUN, A. V. SHILOVICH
Belarusian State University of Transport, Gomel, Belarus

INFLUENCE OF REPEATED TRAIN BRAKES ON DISPLACEMENTS OF PIPES
LAYERS

The dynamics of a train composed of flatcars loaded by large diameter pipes placed in
three tiers in height is considered. The longitudinal displacement values for the tiers of
pipes in cases of the train repeated braking are determined by the method of mathematical
modeling.

Keywords: platform, tiers of pipes, elastic fastening, displacement of pipes, train braking.
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9P PEKTUBHOCTb KOMIO3MIHUOHHBIX TOPMO3HBIX KOJOJOK
C PA3JIMYHOM CTENEHBIO N3HOCA

ITpuBeneHBl METOAMKA M Pe3yNbTaThl pacuera 3()(GEKTHBHOCTH TOPMO30B IIPU pa3ivy-
HBIX IapaMeTpax M3HOIICHHOW TOPMO3HOM KOJOJKH. Y CTaHOBJICHO, YTO IPH JIIOOOM H3HO-
ce KOMIIO3HMI[MOHHOH KOJIOAKH JaBlieHHE (yAeNbHOE HaXkaTHe) BO (DPUKIIMOHHOM Y3JIe Ipe-
BBIIIACT JOIYCKAEMOE 3HAYCHUE IIPU YCTAHOBKE BO3JYXOpacHpeleNIMTENI Ha IPYXKEHbIH
pexuM. Jlaxe Ha CpeHEM pPEXHME BO3MOXHO YBEIMYEHHE YICIbHOM TOPMO3HOH CuUIIbI
CBEpX JIOIMYCKaeMOM HOPMBI IIPU HAKaTUM HEU3HOLICHHBIX KOMIO3UIIMOHHBIX KOJIOMOK.
Koadduunent TpeHust n TopMo3Hasi Cuia 3aBUCAT OT JAUAaMeTpa KOJECHOH mapbl MpH Ipo-
YMX paBHBIX MOKa3aTeJsiX. Temrieparypa B 30HE (PUKIMOHHOIO KOHTAaKTa TAKXe CyIle-
CTBCHHO BJIMSICT Ha KOO(QQUIMEHT TpeHHs Konoaku. [loaTomy s HOpManbHOW pabGOTEI
TOPMO3HOI0 y3Jla C KOMIO3UIIMOHHBIMHM KOJOAKAMH PEKOMEHIYETCs BKIIHOYaTh BO3JYXO-
pacrpeienuTe Ha CpeJHUN PEKUM, U B HACTOALIEE BPeMs IPY30BblC BarOHbI IKCILTYaTH-
PYIOTCS C IIOHIIKEHHBIM J]aBJICHHEM B TOPMO3HBIX IIMIMHIPAX.

KuroueBbie ciioBa: TOpMO3Has1 KOJIOAKa, KO3(1)(1)I/IIII/ICHT TpEHUs, TOPMO3Has CuJa, U3-
HOC, yJC/bHasi TOpPMO3Has CuJjia, AUaMETpP KoJieca.

E. 1 GALAI A. A. YULDASHOV, E. E. GALAL P. K. RUDOV
Belarusian State University of Transport, Gomel, Belarus

EFFECTIVENESS OF COMPOSITE BRAKE PADS WITH VARYING DEGREES
OF WEAR

The technique and the calculation results of the brakes efficiency for various parameters
of a worn brake pad are presented. It is established that at any composite pad wear, the pres-
sure (specific pressure) in the friction unit exceeds the permissible value when the air distribu-
tor is set to the loaded mode. Even in the average mode, it is possible to increase the specific
braking force in excess of the allowable rate when pressing unworn composite pads. The fric-
tion coefficient and the braking force depend on the diameter of the wheelset at other equal
parameters. The temperature in the friction contact zone also significantly affects the friction
coefficient of the pad. Therefore, for the normal operation of the brake unit with composite
pads, it is recommended to turn on the air distributors in the medium mode, and at present
time freight cars are operated with the reduced pressure in the brake cylinders.

Keywords: brake pad, coefficient of friction, braking force, wear, specific braking
force, wheel diameter.



Hembsanuyk, O. B. AHanu3 JUHAMHUKH 3aKPENJIECHHOIO Ha MYTH BaroHa ¢ yde-
TOM IIOBOPOTa Ky30Ba BOKpYr BepTukanbHoi ocu / O. B. JlembsHuyk, A. O. Ilu-
MaHOBCKUM // Mexanuka. MccinegoBanuss u uHHOBaruu. — 2022. — Bem. 15. —
C. 83-91.

O. B. JEMbAIHYYVK, A. O. ILIHIMAHOBCKHH
Benopycckuii cocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBerapyce

AHAJIN3 TUHAMUKU 3AKPEIIJIEHHOI'O HA IIYTU BAT'OHA
C YYETOM MOBOPOTA KY30BA BOKPYI' BEPTUKAJIBHON OCH

Pa3pa60TaHa KOMIIBIOTEpHAsA MOJAECJIb I'PY30BOIr'0 BaroHa, M3HadaJlbHO ITOKOSAIIETOCs Ha
JKEJIE3HOAOPOKHOM IIYTH. HOKaBaHO, 4YTO IpU CMCUICHUHU JIMHUU Z[eﬁCTBHH CZ[BPIFaIOU.Ieﬁ
CWJIbl OTHOCHUTECJIbHO LEHTpa TSHKECTU BaroHa BO3HHUKACT MOBOPOT TEJICIKEK. HpoaHaﬂmH-
POBAaHO BJIUSIHUE BEIIUYUHBI CZ[BPIFaIOU.Ieﬁ CUJIbl U CMCUICHUS JIMHUU €€ Z[eﬁCTBHH Ha Mak-
CUMAJIbHYIO CKOPOCTb BaroHa, BEJIMYMHY €ro CMEIEHUSA U BPEMS 10 MTOJIHOW OCTaHOBKH.

KuroueBbie ciioBa: l"py30BOﬁ BaroH, cABuraromias Cuja, noBOpPOT TEJICKEK, KOMIbIO-
TEPHOE MOACIIMPOBAHUEC, CUJIBI TPECHUS.

V. U. DZEMYANCHUK, A. O. SHIMANOVSKY
Belarusian State University of Transport, Gomel, Belarus

ANALYSIS OF A FIXED ON A TRACK CAR DYNAMICS
CONSIDERING THE BODY ROTATION AROUND THE VERTICAL AXIS

A computer model of a freight car, initially resting on a railway track, is developed. It is
shown that when the shear force action line is shifted relative to the car’s center of gravity,
the bogies turn. There are analyzed the influence of the shear force magnitude and the dis-
placement of its action line on the maximum velocity of the car, the magnitude of its dis-
placement and the time to full stop.

Keywords: freight car, shear force, bogie rotation, computer simulation, friction forces.



Konusnko, E. B. UcnonszoBanne monenu Bunkiepa i aHanu3a KadueHHs
koneca ¢ ToHkuM ynpyrum obomom / E. B. Komusuko [I. A. Uepnoyc / Mexanu-
ka. MccnenoBanusa u uaHOoBamuu. — 2022. — Bem. 15. — C. 92-99.

E. B. KOJHAHKO"?, JI. A. YEPHOYC?

'340 «Conuzopckuii Hncmumym npobrem pecypcoctepescenus ¢ Onvimuwim
npoussoocmeom», Conueopck, Benapyco

*Benopycckuii 2ocyoapcmeennniii yuueepcumem mpaucnopma, Tomens, Benapyce

HUCIIOJBb30OBAHHUE MOJEJHN BUHKJIEPA
JJIsA AHAJIN3A KAYEHUA KOJECA C TOHKUM YIIPYTUM OBOJOM

Pa3pa60TaHa METOAUKA PEUICHUS KOHTaKTHOU 3a/layv O CTallUOHAPHOM Ka4Y€HUU KECT-
KOro nujvHAapa ¢ TOHKUM z[e(bopMpreMmM O6OZ[OM B BCOMOM PEXKHUME, KOTOpasi OCHOBA-
Ha Ha HMCIOJIb30BaHHUHU O606U.IeHHOﬁ MOJECIn BI/IHKJ'Iepa. HOJ’Iy‘{eHI)I AHAJIMTUYECKUE BbIpa-
KEHUS IJI KOHTAKTHOI'O JaBJICHUS U CABUI'OBOI'O KOHTAKTHOI'O HAIIPSIXKCHUS. Pe3yJ'II>TaTI>I
HUCIIOJIb30BAHUSA npez[naraeMoi«'[ METOAUKU COIIOCTABJICHBI € paCUCTHbBIMU OLICHKaMH, I10JIy-
YCHHBIMH Ha OCHOBE TOYHOI'O PECHICHUS 3aJa4d TCOPUU YIIPYrOCTU AJIis IOJIOCHI.

KiroueBbie ciioBa: MOIC/Ib BI/IHKJ'Iepa, KOHTAaKTHOC AaBJICHUEC, KOHTAKTHOC C/IBUI'OBOC
HaIpsKEHUE, MOMEHT COIIPOTUBIJICHUS Ka4€HUIO, 30HA CLCIJICHHA, 30Ha IPOCKAJIb3bIBAHUS.

E. V. KADNIANKA'?, D. A. CHERNOUS?
SC “Soligorsk Institute of Resources Saving Problems with Pilot Production”, Soligorsk, Belarus
Belarusian State University of Transport, Gomel, Belarus

THE WINKLER MODEL APPLICATION TO THE ROLLING ANALYSIS
FOR A WHEEL WITH A THIN ELASTIC RIM

A technique for solving the stationary rolling contact problem for a rigid cylinder with a
thin deformable rim in the driven mode is developed, it is based on the use of the general-
ized Winkler model. The analytical expressions for contact pressure and shear contact stress
are obtained. The results of using the proposed method are compared with the calculated
estimates obtained on the basis of the exact elasticity theory problem solution for the strip.

Keywords: Winkler model, contact pressure, contact shear stress, rolling resistance
moment, sticking area, slip area.



Kozea, A. T'. TepmoymnpyrominacTH4ecKHid H3ru0 TPEeXCIOHHOW KpyroBoit
mnacTuHbel Ha ocHoBaHuM [lactepHaka / A. I'. Kozen // Mexanuka. UccnenoBanus
u uHHoBaruu. — 2022. — Bem. 15. — C. 100-108.

A. I KO3EJI
Benopycckuii cocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

TEPMOYIIPYI'OIUIACTUYECKHUMN U3TUB
TPEXCJOMHON KPYTOBOW IJACTHHBI
HA OCHOBAHUHU NMACTEPHAKA

[puBeneHa MOCTAHOBKA KPAeBOi 3a7a4d O TEPMOCHIOBOM H3THOE YIPYroIIaCTHYCCKOM
TPEXCJIOMHON KpPYroBOHM IUIACTHHBI, CBSI3aHHOW C JABYXIapaMeTpUuecKuM ocHoBanueM I[la-
crepHaka. Pu3nueckue ypaBHEHHS COCTOSIHUSI COOTBETCTBYIOT TEOPUM MajlbIX YIPYroIuia-
CTHYECKUX Ae(opMannil. YUTEHO BIUSHUE TEMIICPATYPhl HA HANPSKEHHO-Ie()OPMUPOBAHHOE
COCTOSIHME TUIACTHHBL. B TOHKHMX HECYIIMX CIOSX CrpaBeiuBbl rumnore3bl Kupxroda, B He-
CKUMAEMOM 110 TOJIIIHMHE JICTKOM 3aIlOJIHUTENEe — runore3a TumorneHko. Hamudue secTkoi
nradparMel Ha KOHTYpPE IUIACTHHBI MPEMATCTBYET OTHOCHTEIBHOMY CIBHTY cioeB. Chcrema
i GepeHInaTbHbIX YPaBHCHHUI PABHOBECHS BBIBE/ICHA BapUAI[HOHHBIM MeToq0M. [lomyueHo
aHAJIMTHYECKOE PEILIeHUE KPaeBOW 3a/laull METOIOM YIPYI'UX PELICHHH.

KiroueBbie cioBa: TpeXCJ'IOﬁHaH KpyroBas IuiaCTHHa, I/I3FI/I6, TeMIeparypa, njiiactu4-
HOCTb, OCHOBaHHE HaCTepHaKa.

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

THERMOELASTIC-PLASTIC BENDING OF A THREE-LAYER CIRCULAR PLATE
ON THE PASTERNAK FOUNDATION

There is presented the formulation of the boundary value problem for the thermoforce
bending of an elastic-plastic three-layer circular plate connected with a two-parameter Pas-
ternak foundation. The state physical equations correspond the theory of small elastic-
plastic deformations. The effect of temperature change on the plate stress-strain state is
taken into account. In the thin bearing layers, the hypotheses of Kirchhoff are valid, in the
light filler incompressible in thickness, Timoshenko's hypothesis is valid. The presence of a
rigid diaphragm on the plate contour prevents the relative shift of the layers. The system of
differential equilibrium equations was derived by the variational method. The analytical
solution of the boundary value problem is obtained by the method of elastic solutions.

Keywords: three-layer circular plate, bending, temperature, plasticity, Pasternak foundation.



KpakoBa, M. E. HampsxenHo-nepopMUpOBaHHOE COCTOSHHE MaKeTa
coHABUY-TIaHesned mpu ero TtpancnoprupoBke / WM. E. Kpakosa // Mexanuka. Hc-
cnenoBanus M uHHOBauu. — 2022, — Bpim. 15. — C. 109-115.

U E. KPAKOBA
Benopycckuii cocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

HAINPAXKEHHO-JE ®OPMHUPOBAHHOE COCTOAHHUE
HAKETA COHJBUY-IMIAHEJIEN IIPU ETO TPAHCIIOPTUPOBKE

C nomompio nporpaMmmHoro komriekca ANSYS BBIIOJHEHO KOHEUHO-2JIEMEHTHOE
MOJICTIUPOBaHKHEe Je(OPMHUPOBAHUS HAUOONCEe HATPYKCHHOM HIDKHEH COHIBUY-MIAHEIH,
TPAHCIIOPTUPYEMO B COCTaBe MakKeTa. YUUTBIBAETCs ACHCTBUE HArpy3oK, BO3HUKAIOLIMX
IPU BEPTHKAIBHBIX KOJCOAHHSX aBTOTPAHCIIOPTHOTO CPEACTBA. PaccMOTpEeHO BIUsHUE
HMHEPLUUOHHBIX HArpy30K HAa HANPSDKEHHO-NE)OPMHUPOBAHHOE COCTOSHUE MAHENU JUIS CITy-
4yaeB YKJIAJIKU [TaKEeTOB B OJIMH U JIBa sipyca.

KiarwueBbie cioBa: COHJIBUY-IIaHCIIb, TpaHCHOpTHI)Iﬁ TaKeT, HaIPsKCHUsI, BEPTUKAIIb-
HBbIC NIEPEMECIICHUS.

1. E. KRAKAVA
Belarusian State University of Transport, Gomel, Belarus

STRESS-STRAIN STATE OF A SANDWICH PANELS PACKAGE AT ITS
TRANSPORTATION

Using the ANSYS software package, there is performed the finite element modeling of
the deformation of the most loaded bottom sandwich panel transported as a part of a pack-
age. The action of loads from the vehicle vertical oscillations is taken into account. The
influence of inertial loads on the panel stress-strain state for the cases of stacking packages
in one and two tiers is considered.

Keywords: sandwich panel, transport package, stresses, vertical displacements.



Jlauyruna, E. A. IlonepeuHbie KojeOaHUs MATUCIOWHOW YHPYrod KpyroBoit
IJIaCTUHBI ¢ XecTkuM 3anonHutenem / E. A. Jlauyruna // Mexanuka. Uccnenoa-
HMs 1 uHHOBanMH. — 2022, — Bemr. 15. — C. 116-122.

E. A JIAYYI'MHA
Benopycckuii eocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

MONEPEYHBIE KOJEBAHUSA MSTUCJIONHON YIIPYTON
KPYT'OBOW IJIACTHUHBI C JKECTKUM 3AMNOJHUTEJEM

PaccMoTpeHa 1mocTaHOBKA 3a/lauyl O IONEPEYHBIX KOJIEOAHUSX yHPYrod KpyroBOW CHM-
METPUYHONM MO TOJIMHE MATHCIOWHOH mnacTuHbl. Harpyska ocecuMMeTpUYHasi, paBHO-
MEpHO paclpe/elicHHas [0 BEpXHEH IUIOCKOCTU IUIACTUHBL. JIJI1 TOHKUX BHEIIHMX M BHYT-
PEHHEro HEeCYyIIMX CJOEB BBINOJHSIOTCS KHHeMaTndeckue rumnore3sl Kupxroda. B cmosx
CPaBHHUTENBHO TOJICTONO YKECTKOTO 3alONHUTENs Ae(OpMUPOBAHHAS HOpMalb CUHTAETCS
npsMonuHeiiHod. OHa MMeeT NOCTOSHHYIO [UIMHY U [10OBOPAYMBACTCA HA HEKOTOPBIM Yroil.
VYutena paboTa MONEpeyHbIX CHUJI HHEPLMH, a TAK)KE KacaTelIbHbIX HAIPSHKEHUH B 3alOJIHU-
tene. [IpencraBnen BbIBOA cHCTeMBbl AU QEPCHIMAIBHBIX YpaBHEHHUI ABVDKCHUS B Iepe-
MEIICHUSX BapUALHOHHBIM METOJIOM.

KnroueBble cioBa: msTuCIONHAs KpyroBas IUIACTHHA, YHIPYTOCTb, KOJOAaHMs, ypaB-
HEHUS JABVDKCHUSL.

E. A. LACHUGINA
Belarusian State University of Transport, Gomel, Belarus

TRANSVERSE VIBRATIONS OF THE FIVE-LAYER ELASTIC CIRCULAR PLATE
WITH RIGID FILLERS

The formulation of the transverse oscillations problem for an elastic circular five-layer
plate symmetrical in thickness is considered. The load is axisymmetric, it is evenly distrib-
uted over the upper plane of the plate. For the thin outer and inner bearing layers, the kine-
matic hypotheses of Kirchhoff are fulfilled. In the layers of relatively thick rigid filler, the
deformed normal remains rectilinear. It has the constant length and rotates by some addi-
tional angle. The work of transverse inertial forces, as well as the shear stresses in the filler,
are taken into account. The derivation of the motion differential equations system in dis-
placements by the variational method is presented.

Keywords: five-layer circular plate, elasticity, vibrations, equations of motion.



Jleonenko, JI. B. 3ru6 cryneHuaToil KpyroBOil COHABHY-IJIACTHHBI MPHU TEI-
noBoM HarpyxeHuu / JI. B. Jleonenko // Mexanuka. HccrienoBaHus U MHHOBAIMU.
—2022. - Bomn. 15. — C. 123-127.

/. B. IEOHEHKO
Benopycckuii eocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

W3rMb CTYNIEHYATOM KPYTOBOM COHABHUY-IIJIACTUHBI
IIPU TEIIJIOBOM HATI'PYXEHHUU

PaCCMOTpeH H3rud prFJ'IOﬁ CTyHeH‘{aTOﬁ COHJIBUY-IIJIACTUHBI T10/] Z[eﬁCTBHeM TEPMOCHU-
JIOBBIX Harpy3ok. HpI/IHHTO, YTO Il HEC)KUMAEMOI'0 CpEAMHHOIO CJ10s CIIpaBEjIMBa I'MIIOTE-
3a TI/IMOU_ICHKO, JUI HAPYXKHBIX CJIO€B — I'MIOTE3bI Knpxrotba. ypaBHeHI/Iﬂ PaBHOBECHS BbIBE-
JICHBI Ha OCHOBE BapUallMOHHOI'O IpUHIKIA C YUETOM COOTHOIICHUI TEPMOYIIPYTOCTHU. HpI/I-
BCACH IPUMEP YUCJIICHHOI'O pacdyeTa Ha OCHOBE MNOJYYEHHOI'0 aHAIIMTUYECKOr0 PEIICHUS.

KaroueBble cioBa: KpyroBas C3HIBUY-IIIACTHHA, CTYIIEHUYaTO-EPEMEHHAs TOJILUHA,
TEPMOYIIPYrOCTb.

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

BENDING OF A STEPED CIRCULAR SANDWICH PLATE
UNDER THERMAL LOADING

Bending of a round stepped sandwich plate under the action of thermal-force loads is con-
sidered. It is accepted that the hypothesis of Timoshenko is valid for the incompressible middle
layer, and the hypothesis of Kirchhoff is valid for the outer layers. The equilibrium equations are
derived on the basis of the variational principle, taking into account the thermoelasticity rela-
tions. An example of a numerical calculation based on the obtained analytical solution is given.

Keywords: circular sandwich plate, step-variable thickness, thermoelasticity.



JlokTuoHoB, A. B. KuHemaTuueckuil aHallu3 CTPETOBUIHBIX HCIOIHUTEIb-
HBIX MEXaHH3MOB C MPOJOJIbHBIMH U TOMEPEYHBIMHU PEXYIIMMHU TOJOBKaMH / A.
B. Jloxtnonos // Mexanuka. MccnenoBanus u naHOBanuu. — 2022. — Bem. 15. — C.
128-133.

A. B. TJOKTHOHOB
Bumebckuii 2ocyoapcmeennulii mexnonocuveckuu yHusepcumem, Bumebck, benapyco

KUHEMATUYECKHAN AHAJIU3
CTPEJIOBUJAHBIX UCIHHOJHUTEJBHBIX MEXAHU3MOB
C IPOAJOJBHBIMHU U MONEPEYHBIMMU PEXKYIHIUMHU I'OJTOBKAMHU

Hpez[noxceHa METOAMKA HaXOXKJCHUSI KUHEMATUYECCKUX MapaMeTpoOB CTPEIOBUIAHBIX
MPOCTPAHCTBEHHBIX UCIIOJHUTEJIbHBIX MEXaHU3MOB, OCHAIIEHHBIX KaK MPOJAOJJbHBIMHU, TaK
1 TIONCPEYHBIMU PE3LUOBBIMU T'OJIOBKAMHU MATPUYHBIM METOOM. HOJ’Iy‘{eHI)I (bOpMyJ'II)I,
TMO3BOJIAIOIIUE ONPEACIIATE KMHEMATUYECKUE YIUIbl pe3na st 06mero Cliydast JABUKCHUS
HCIIOJIHUTEIIbHOT'O OpraHa.

KuroueBble cj10Ba: HMCIIOJHUTEIBHBIN MCXaHU3M, KHUHEMaTHYeCKUN aHaJlu3, MaTpu4-
HBII METOH, peXKyllas roJoBKa.

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

KINEMATICAL ANALYSIS OF ARROW-SHAPED ACTUATORS
WITH LONGITUDINAL AND TRANSVERSAL CUTTING HEADS

There is proposed a technique for finding the kinematic parameters of arrow-shaped
spatial actuators equipped both with longitudinal and transverse cutting heads using the
matrix method. The obtained formulas allow to determine the kinematic angles of the cutter
for the general case of the executive body movement.

Keywords: actuator, kinematic analysis, matrix method, cutting head.



Mapkosa, M. B. Hanpsxéuno-nehopMUpOBaHHOE COCTOSSHUE KPYrOBOM
TPEXCIOHHON CTyNEHYaTol IUIaCTHHBI NPU BBIHY)XXJEHHBIX Konebanusx / M. B.
MapxkoBa// Mexanuka. HccnenoBanus u uHHOBamuu. — 2022. — Bpm. 15. — C.
134-146.

M. B. MAPKOBA
Benopycckuii cocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

HAIIPSIKEHHO-JIE DOPMUPOBAHHOE COCTOSIHUE
KPYIOBOM TPEXCJIOMHOMU CTYINEHYATOM TIJACTHUHBI
IIPU BBIHYKJIEHHBIX KOJEBAHUIX

B paGote npencraBiieHb! ypaBHEHUs ABMKCHHS JUIL KPYIJIOW TPEXCIOMHOM IUIACTUHEI
CO CTYNEHYaThIM HM3MEHEHHEM TOJNIIMHBI BHEIIHUX cIo€B. Mogens aeopMupoBaHMs IUia-
CTUHBI COIJIACYETCsl C TMIOTE30i «IOMaHOW JIMHHMW». BBIBOJ ypaBHEHHH IBHXKEHHS OCHO-
BaH Ha BapuanMoHHOM npuHimne [amunbroHa. IToymydeHHOE [UISI 4acTHOrO Ciiydasl BBI-
HY)K/ICHHBIX KOJIeOaHUI pelleHue MpeIoaracT AeJICHUe pacCMaTpUBacMoi 3a/ladu Ha 1Be
COCTABJISIIONINE: 33a7a4y O KBa3HCTATHYECKOM Je()OPMHUPOBAHHM M 3aJady O COOCTBEHHBIX
KoJeOaHUsIX IUIacTUHBL. JIIsi anmpoOalyy COCTABICHHOTO PEIICHUs Ul TPEX pa3iIM4HBIX
[IAKETOB IIJIACTUH BBINOJIHEHBl UYUCICHHBIC HCCIIEAOBAaHUS IO ONPEAEICHUIO IapaMeTpOB
HaIpPsDKEHHO-1eOPMHUPOBAHHOTO COCTOSIHMSL HPH BOCHPHATHU JIMHEHHOrO BO BpPEMECHU
BHEIIHEr0 BO3ACHCTBUS.

KnroueBble cioBa: TpéxcioifHas Kpyrosasi IUIaCTHHA, CTyIIEHYaTas IUIACTHHA, JMHA-
MHUecKoe Ae(opMUpPOBAHHE.

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

STRESS-STRAIN BEHAVIOR OF A THREE-LAYER CIRCULAR STEPPED PLATE
UNDER FORCED OSCILLATIONS

The paper presents the motion equations for a circular three-layer plate with a step-
variable thickness of the outer layers. The plate deformation is described by the «Zig-Zag
theory». The motion equations are derived from Hamilton’s variational principle. The solu-
tion for the special case of forced oscillations is obtained by dividing the problem into two
components: the problem of quasi-static deformation and the problem of plate free oscilla-
tions. To test the formulated solution for three different plate packages, the numerical stud-
ies are performed to determine the parameters of the stress-strain state under the action of
an external influence linear in time.

Keywords: three-layer plate, stepped plate, dynamic deformation.



Maprbinenko, T. M. AHanu3 IpOYHOCTH Y3JIOBBIX COEAMHEHMI IpU pa3nnd-
HBIX WCIIOJIHEHUAX KOHCTPYKIIMM Ha OCHOBE MopenupoBaHus B cpere ANSYS /
T. M. Mapteinenko, C. A. IIponkesuu, . M. MapTtsinenko, B. A. Makcumosuu //
Mexanuka. MccnenoBanus u uHHoBanuu. — 2022. — Bem. 15. — C. 147-151.
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AHAJIW3 IPOYHOCTH Y3JIOBBIX COEJUHEHUI
OPHU PA3JIMYHBIX MCITIOJHEHUAX KOHCTPYKIHNH
HA OCHOBE MOJEJUPOBAHUSA B CPEJE ANSYS

Hccnenyercs Hauboliee pacnpoOCTPAHCHHBIM B MPAKTHKE CTPOUTEIBCTBA y3€N MPUMBbI-
KaHUsl JIByX CUMMETPUYHBIX JIByTaBpOB. Moenupyercs Iepenaya Harpy3kud 4yepe3 MHOIO-
0OJITOBOEC COCTMHCHHUE M CBApPHBIC COCAMHCHUS, BBINOJHCHHBIC BCTHIK U YEpPE3 HAKIAJKY.
IpencraBnenbl 0COOCHHOCTH pa3pabOTaHHBIX KOHEYHO-JIEMECHTHBIX MOJENeil B cpene
ANSYS u pe3ynbTaThl pacyeTOB HANPSHKEHHO-IEPOPMHUPOBAHHOIO COCTOSHHS COCAUHSsIC-
MBIX JieTaJIeil 1oJ] ACHCTBUEM MPUIIOKEHHON CHIIBI.

KiroueBble cj10Ba: MHOro0OJITOBOE COCIMHEHUE, COCAMHEHUE HYE€PE3 HaKIIaKy, CO-
C€AUHCHUE BCTBIK, OKOJIOY3JIOBbIE O6J'IaCTPI, z[e(bopanOBaHHe HaKJIaJ1I0K COCAUHCHUA.

T. M. MARTYNENKO!, S. A. PRONKEVICH?, 1. M. MARTYNENKO?, V. A. MAXIMOVICH"
The University of Civil Protection of the Ministry for Emergency Situations of Belarus,
’Belarusian State University, Minsk, Belarus

STRENGTH ANALYSIS OF JUNCTION JOINTS FOR DIFFERENT DESIGN
PERFORMANCES ON THE BASIS OF SIMULATION IN THE ANSYS SOFTWARE

The most common in construction practice is the junction of two symmetrical I-beams.
The load transfer is simulated through a multi-bolt connection and welded joints made end-
to-end and through an overlay. The features of the developed finite element models in the
ANSYS environment and the computational results of the stress-strain state of the joined
parts under the applied force action are presented.

Keywords: multi-bolt connection, connection through the pad, butt joint, near-nodal
areas, deformation of the connection pads.



OropoannkoB, JI. B. JluHaMuueckue HUCHBITAHUS DaM TEJIEKEK JIUTEIbHO
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JI. B. O'OPOJHUKOB
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JTUHAMHAYECKHE UCTBITAHUS PAM TEJEXKEK
JUINTEJBHO DKCILIY ATUPOBABIIETOCSI BATOHA
JIN3EJIBL-TIOE3/IA IPE1

[IpencraBiensl  pe3yabTaThl  IKCIEPUMEHTOB 10  ONPEJACICHUIO  HANpPSHKEHHO-
JeOpMHUPOBAHHOIO COCTOSIHHSI PaMbl TEJEKKH BaroHa mau3eib-moe3na cepuu [APB1. Pas-
paboTaHa MHIMBUAYyalbHAs CXeMa HAKJICHKH JAaTYUKOB nedopManuii Ha pamy TEIEKKHA U
JUISL pa3JInYHbIX BApUAHTOB HArpy)KEHUsS! KOHCTPYKIMH ITOJIy4E€Hbl MAaCCHUBbI TUHAMHYECKUX
HanpsDKeHUH. YCTaHOBJIGHO, YTO 3HAYEHHUs HANpPsDKEHUH HE INPEeBBILAIOT JIOMYyCKaeMOro
YPOBHSI M COOTBETCTBYFOT HOPMATHBHBIM TpeOoBaHHsM. [lomydeHHBI B XOJE HCIBITAHHN
MaccHB MH(GOPMAIIMK O MPOYHOCTH paMbl TeJEKKH nusenb-noe3na JIPbl moxer ObITh HC-
10JIb30BaH IPH OIPEENICHUH €€ OCTaTOYHOIo pecypca.

KuroueBble ci10Ba: paMa TENEKKH, HECYIIash KOHCTPYKLMS, UCHBITAHUS, HAIPSKEHHO-
JeOPMHUPOBAHHOE COCTOSIHUE, OCTATOYHBIN pecypc.

L. V. OGORODNIKOV

Belarusian State University of Transport, Gomel, Belarus

DYNAMIC TESTING OF CARS BOGIE FRAMES
OF LONG-OPERATED DRB1 DIESEL TRAIN

The results of experiments on the DRBI series diesel train cars bogie frame stress-
strain state determination are presented. These is developed the individual scheme for stick-
ing deformation sensors onto the bogie frame, and the arrays of dynamic stresses are ob-
tained for various loading options of the structure. It is established that the stress values do
not exceed the permissible level and comply with the regulatory requirements. The array of
information obtained during the tests on the strength of the DRB1 diesel train bogie frame
can be used to determine its residual life.

Keywords: bogie frame, load-bearing structure, stress-strain state, tests, residual life.



Otoka, A. I'. TexHONOrMS MAarHUTOMOPOIIKOBOTO KOHTPOJIS I[€IbHOKaTaHbIX
Kojec Ha aBromarusupoBaHHoM cteHzae / A. I'. Oroka, A. M. Jlax, II. A. Jamyk,
O. B. Xonoaunos // Mexanuka. UccinegoBanus u naHoBauu. — 2022. — Beim. 15. —
C. 160-168.

A. T. OTOKA', A. M. JIAX*, I1. A. JALIYK®, O. B. XOJIOQHUJIOB®

Tomenvcroe eazonnoe oeno, PYII «omenvckoe omoenenue Benopycckoii ce-
ane3noll dopozu», Tomenv, Berapyco

*Mozunesckoe sazonnoe deno PVII «Mozunesckoe omdenenue Benopycckoii dice-
ne3noll dopozu», Mozeunes, Berapyce

*Benopycckuii 2ocydapcmeennniii yuusepcumem mpancnopma, Tomens, Benapyce

TEXHOJIOI'US MATHUTOINNOPOIIKOBOI'O KOHTPOJIA
HNEJBbHOKATAHBIX KOJEC HA ABTOMATU3UPOBAHHOM CTEHJE

IIpennaraercs TEXHOJIOrUs AaBTOMAaTU3UPOBAHHOIO MAarHUTONOPOIIKOBOIO KOHTPOJSL
LIEJIbHOKATAHbIX KOJIEC IIPH TEKYLLEM M CPeJHEM PEMOHTE KOJECHBIX Iap BaroHoB. B kaue-
cTBe 00OpY/HOBaHUS MPOBEJCHUS ABTOMATH3HPOBAHHOIO KOHTPOJISI PACCMATpPHBACTCS CIIe-
LUAJIBHO pa3paboraHHbI creH] Ha npuMepe makera CMJIKII-01.300588.121192.AA.

KiroueBbie ciioBa: Hepaspyma}omnﬁ KOHTPOJIb, MaFHPITOHOpOU.IKOBI;Iﬁ MCTOHO, KOJICC-
Has I1apa, KoJeCO LEJIbHOKATaHOEC, crocod MIPUIO)KEHHOI'0 MarHuTHOT'O MOJIA.

A. G. OTOKA', A. M. LYAKH? P. A. DASHUK?, O. V. KHOLODILOV?

'Gomel car depot, RUE "Gomel branch Belarusian Railway", Gomel, Belarus
*Mogilev wagon depot RUE "Mogilev branch Belarusian Railway", Mogilev, Belarus
3Belarusian State University of Transport, Gomel, Belarus

TECHNOLOGY OF MAGNETIC POWDER CONTROL
OF SOLID-ROLLED WHEELS AT THE AUTOMATED STAND

The article proposes the technology of automated magnetic powder control of solid-
rolled wheels during the current and average repair of railway car wheel sets. The specially
designed stand on the base of the SMDKP-01.300588.121192.AA layout is used as an
equipment for the automated control.

Keywords: non-destructive testing, magnetic powder control method, wheelset, solid-
rolled wheel, method of applied magnetic field.



MacoBen, B. H. BiusHue yriepoaHbIX HAHOTPYOOK Ha HPOYHOCTHBIE CBOM-
CTBa KOMIO3MIIMOHHBIX MaTepuasioB Ha ocHoBe meau / B. H. Ilacosen, B. A. Ko-
BTYH, 158 Mupues, B. A. Jlogus // Mexanuka. UccrnenoBaHuss U MHHOBallMU. —
2022. — Bpm. 15. — C. 169-174.

B. H. ITACOBEI]'?, B. A. KOBTYVH', H. MUPYEBR®, B. A. JIOJHT'
'Vuusepcumem apasicoancroii sauwumvr MYC Pecnybnuxu Benapycs, Munck, Benapyco
*CHITO nopowkosoti memanrypauu, Munck, Berapyco

SUncmumym mexanuxu Boreapcxoii axademuu nayx, Cous, Boreapus
‘Benopyccxuii 2ocyoapcmeennvlii ynusepcumem mpancnopma, Tomens, Benapycow

BJIUAHUE YTJIEPOJHBIX HAHOTPYBOK
HA TMTPOYHOCTHBIE CBOMCTBA
KOMIO3UIINOHHBIX MATEPUAJIOB HA OCHOBE MEJHA

[IpencrasineHo BAMSHHUE YIVIEPOJHOIO HAHOCTPYKTYPHOI'O HAIMOJHHUTENST HAa IMPOYHOCT-
HbI€ CBOMCTBA KOMIIO3MLIMOHHBIX MaTEpUaJIOB HA OCHOBE MEIHOM MaTpuLbl. Y CTaHOBJIEHO,
yto BBesneHue 0,06-0,07 mac. % YHT B MeaHyio Marpuily MO3BOJISIET MOBBICUTH Ipeaes
MPOYHOCTH IPU CXKATHUU KOMIIO3UTa Ha 6—8 % 10 CpaBHEHHIO C MarepuajaMd Ha OCHOBE
CIIEUEHHON MeIu, He CO/epXalllMMH B CBOEM COCTaBe HaHOpa3MepHOro HamosHurens. Ilo-
Ka3aHo, YTO K MeéXaHu3MaM yrnpouHeHust npu BeeaeHun YHT B meraminyeckyro MaTpuily
OTHOCSITCS: MEXaHU3M Iepefayd Harpy3Kd OT MaTpHLbl K YIPOUHSIOUIMM DJIEMEHTaM, Me-
XaHU3M 00pa30BaHMs TUCIOKALMIA 33 CueT pa3iuuus KOd()QHUIMEHTOB TEMJIOBOTO pacIiu-
PCHUSI MaTPUIIBI U yOPOYHSIOIIEeH (a3bl, MeXxaHU3M oOpa3oBaHus mnereinb OpoBaHa.

KiroueBbie ciioBa: yriiepoaHble HaHOpr6KPI, METajuIM4ecKasi Marpulia, KOMIIO3ULH-
OHHBIC MaTe€pualibl, M€b, NIPEACII IPOYHOCTH NIPU CIKATUU.

V. N. PASOVETS'2, V. A. KOVTUN', Y. MIRCHEV?, V. A. LODNYA*

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

2State research and production powder metallurgy association, Minsk, Belarus

3Institute of Mechanics of the Bulgarian Academy of Sciences, Sofia, Bulgaria

4Belarusian State University of Transport, Gomel, Belarus

INVESTIGATION OF THE INFLUENCE OF CARBON NANOTUBES ON THE
STRENGTH PROPERTIES OF COPPER-BASED COMPOSITE MATERIALS

This paper shows the effect of a carbon nanostructured filler on the strength properties
of composite materials based on a copper matrix. Introduction 0.06-0.07 wt. % CNTs in a
copper matrix makes it possible to increase the ultimate compressive strength of the com-
posite by 6-8 % compared to materials based on sintered copper that do not contain a na-
nosized filler in their composition. The mechanism of load transfer from the matrix to the
strengthening elements, the mechanism of formation of dislocations due to the difference in
the coefficients of thermal expansion of the matrix and the strengthening phase, the mecha-
nism of the formation of Orowan loops constitute the general mechanism of strengthening
when CNTs are introduced into the metal matrix.

Keywords: carbon nanotubes, metal matrix, composite materials, copper, ultimate
compressive strength.



MurynosB, A. B. AHanu3 npodHocTd paMm IUIaTGOpPM IpPHU Ppa3IM4HOM KOH-
CTPYKTUBHOM HUCHONHEHUU cpeaHed wactu / A. B. Ilurynos, B. B. Ilurynos //
Mexanuka. MccnenoBanus U uHHoBanuu. — 2022. — Bemr. 15. — C. 175-182.

A. B. IIH'VHOB, B. B. IN'YHOB
Benopycckuii eocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

AHAJIN3 MPOYHOCTHU PAM ILIAT®OPM
MPU PA3JIMYHOM KOHCTPYKTHUBHOM MCIIOJHEHUN
CPEJHEN YACTH

IpuBeneH aHamu3 KOHCTPYKLMH pam IuiatopM EBpomneiickux mpoussoputenei, Koto-
pble UMEIOT YMEHBIICHHYI0O MacCy METaJUIOKOHCTPYKunH. Pa3paboTaHa KOHCTPYKILHS YHU-
(GuIMpoBaHHOH KOHIEBOM 4YacTH pambl miargopmbl. C ee IpPUMEHEHHEM pa3paboTaHbI
KOHEYHO-OJICMEHTHBIE MOJEIM METAUIOKOHCTPYKIUH IUIATGOPM, OTIMYAIOIIHMECS KOH-
CTPYKTUBHBIM HUCIIOJHEHHMEM cpeiHed dactu. [IpousBeneHa oOleHKA MX IPOYHOCTH C yue-
TOM COBPEMEHHBIX HOPMAaTHBHBIX TPEOOBAHMIA.

KuroueBbie ciioBa: BaFOH-HJ’IaTd)OpMa, KOHIIEBasd YacCTb paMbl, KOHCTPYKLUS, Macca
Taphbl, HaHpH)KeHHO-Z[eq)OpMI/IpOBaHHOC COCTOSIHHUEC, KOHCYHO-3JIEMCHTHAasE MOJICJIb.

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

STRENGTH ANALYSIS OF FLATCAR FRAMES WITH DIFFERENT
STRUCTURAL PERFORMANCE OF THE MIDDLE PART

The analysis of the frame structures of flatcars of European manufacturers with a re-
duced mass of metal structures is presented. The design of the flatcar frame unified end part
is developed. With the use of this design the finite element models of the flatcar metal
structures are developed and they differ in the middle part design. Their strength is evaluat-
ed corresponding to the modern regulatory requirements.

Keywords: flatcar, frame end part, structure, tare weight, stress-strain state, finite ele-
ment model.
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KOHCTPYKTUBHBIE PEHIEHUA
JJIsA MOBBINIEHUA OBBEMA KY30BA BAI'OHA-XOIIIIEPA

Beimonnen ananmz KOHCTPYKTHUBHBIX peU.IeHPIﬁ, KOTOPBIC MO3BOJIAKOT YBCIUYUTH I10-
l"py30‘{HI;Iﬁ 00BeM KY30BOB BarOHOB-XOIIIIE€POB, MPEAHA3HAYCHHBIX I NEPEBO3KU 3€pHA.
Hpez[noxceH BapyuaHT HCIIOJIHEHUS TOpHeBOﬁ CTCHBI, TTO3BOJISTFOLIIU I TNOJY4YUTb JOIOJIHU-
TeJbHBIH 00beM 0€3 M3MEHEHUS yriia HakJioHa TOpHeBOﬁ cTeHbl. BeInmonHeHHbIE npeaBapu-
TCJIBbHBIC PAaCUYCThl Ky30Ba BaroHa-xomnmnepa ¢ y4€ToM Ipeajiara€Moro TEXHU4Y€CKOro peuiie-
HU IOKa3aJld COOTBETCTBUE KOHCTPYKIIMU COBPEMEHHBIM Tpe6OBaHI/IHM IIPOYHOCTHU.

KiroueBblie ciioBa: BaroH-xonrep, KOHCTPYKNUS Ky30Ba, IIPOYHOCTD, 00BeM KYy30Ba,
MCTOA KOHCYHBIX 3JICMCHTOB.

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

STRUCTURAL SOLUTIONS
FOR INCREASING THE HOPPER CAR BODY VOLUME

The analysis of design solutions for increasing the loading volume of the hopper cars
bodies for the grain transportation is carried out. There is proposed a variant of the end wall
design, that makes it possible to obtain an additional volume without changing the angle of
inclination of the end wall. The preliminary calculations of the hopper car body take into
account the proposed technical solution and show that the design corresponds to the modern
strength requirements.

Keywords: hopper car, car body design, strength, body volume, finite element method.



MpouneBuuy, U. U. Biusnue ¢opmbl o0oga Kojieca Ha XOJOBbIE KayecTBa Be-
nocuniena / U. U. TlponeBuu // Mexanuka. HccnenoBanust u unHoBanuu. — 2022, —
Bpim. 15. — C. 191-196.

U U INPOHEBUY
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BJIUAHHUE ®OPMbI OBOJA KOJIECA
HA XOJOBBIE KAYECTBA BEJOCHIIEJA

Ha ocHOBe Mozienu BENOCHIICHOIO KOJIeca KaK KECTKOro JAKCKa, K 0001y KOTOPOro Ha
OJIMHAKOBBIX PACCTOSIHUSX APYT OT Jpyra NPUCOEIUHEHbI NPYKUHBI, BBIIOJIHEH aHAIU3 CUJI
COIpOTUBJIEHUS KaueHuio. [IpuBeneHbl pe3ynbTaTbl CpaBHEHHS MOIIHOCTH ITHUX CHJI JJIs
ClIy4aeB JIBYyCTCHHOTO U OJHOCTECHHOTO 0007a.

KurwoueBbie cioBa: BEJIOCHUIIE/]], COIIPOTUBIIEHUEC KAYE€HUIO, 0602[ KoJieca.

1. 1. PRANEVICH
Belarusian State University of Transport, Gomel, Belarus

INFLUENCE OF WHEEL RIM SHAPE ON BICYCLE DRIVING PERFORMANCE

An analysis of the rolling resistance forces acting a bicycle wheel is performed consid-
ering it as a hard disk with springs attached to its rim at equal distances from each other.
The results of comparing the values of these forces for the cases of double-walled and sin-
gle-walled rims are presented.

Keywords: bicycle, rolling resistance, wheel rim.



PoxxkoBa, E. B. [IpomonbHbie KoneOaHHS CTEPXKHS B OOOOIIEHHOW yIpyroi
cpene / E. B. PoxkoBa // Mexanuka. UccrnenoBanuss u uHHOBanuu. — 2022. —
Bem. 15. — C. 197-202.

E. B. POKKOBA
Tawkenmckuii 20cy0apcmeerHblll mpaHcnopmuulii yHugepcumem, Tawikenm,
Vsbexucman

IMPOJOJBHBIE KOJEBAHUSI CTEPKHS
B OBOBIIEHHOM YIIPYT'OM CPEJE

PaCCMOTpeHO IIOJIHOC YPaBHCHUE BTOPOIr'0 NOpsiAaKa KoJeOaHuit CTep)KHeﬁ, Y4YHUTbIBaKO-
1Ie€ BHYTPEHHEE COIIPOTUBJICHUE, BO3HHUKAIOMIECE BCJICACTBUE AuUCCUIIAIUN BHy’I‘peHHeﬁ
OHEPruv, U BHEIIHEEC COIPOTHUBIICHUE pryFOﬁ Cpeabl, BEAYLICEC K IMOSABJICHUIO CUJI TPCHUS.
Pemienvie BBITIOJTHEHO C IPUMEHCHHUEM HOBOI'O PEKYPPECHTHO-OIIEPATOPHOIO METOMAA, I[O3-
BOJIAOLICTO pelIaTh Z[Pl(i)(i)epeHHI/IaﬂI)HI)Ie YpaBHCHUS JIHOOBIX TUNOB, HUMEKOIIUE IIPOU3-
BOJIbHYIO JUIMHY H HpOPI3BOJ'II;HI;Iﬁ TNOpAOK. Bwmecto KOpHeﬁ XapaKTEPpUCTUYECCKUX YpaB-
HEHUU PEUICHUE CBOAUTCA K IOJYYCHUIO PEKYPPEHTHOI'O0 COOTHOIICHUS. HpeZ[CTaBJ'IeHI)I
MIpUMEPHLI OJIy4a€MbIX BI)Ipa)KeHPIﬁ JUIA 06mero 1 HEKOTOPBIX 4aCTHBIX CIIy4acB.

KuroueBbie ciioBa: peKyppeHTHo-or[epaTopHLIifl METOMA, AUCCUIIallUsl, BHEIIHEE COMPO-
THUBJICHUE, YIIPYro€ OCHOBAHHUEC, YPaBHECHUEC J'Iarmaca, O606U_ICHHOC YpaBHCHHUE.

E. V.ROJKOVA
Tashkent State Transport University, Tashkent, Uzbekistan

ROD LONGITUDINAL OSCILLATIONS
IN THE GENERALIZED ELASTIC MEDIUM

The complete equation of the second order of the rods oscillations is considered, it
takes into account the internal resistance arising due to the internal energy dissipation and
the elastic medium external resistance, leading to the appearance of friction forces. The
solution is performed using a new recurrent-operator method, it allows to solve differential
equations of any type with arbitrary length and order. Instead of the roots of the characteris-
tic equations, the solution is reduced to a recurrent relation obtaining. Examples of obtained
expressions for the general and some particular cases are presented.

Keywords: recurrent operator method, dissipation, external resistance, elastic founda-
tion, Laplace equation, generalized equation.



Pynos, II. K. CpaBHeHHE METOJOB ONpeAENeHHs] TOPMO3HOIO IyTU NPU ABU-
XKEeHMU moe3na no nepemenHomy npoduito / I1. K. Pynos, A. B. Bopoxyn // Me-
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CPABHEHHME METOJ0B ONPEJAEJEHUA TOPMO3HOI'O IIYTHU
nPU ABU)KEHHWU NMOE3JA IO HIEPEMEHHOMY INPO®UIIO

PaccmarpuBaercsi mpolecc TOPMOXKEHMS I0€37a Ha Y4acTKax IyTH C IepeMEHHBIM
npoduieM. BpIMojHEHa OLCHKA [UIMHBI TOPMO3HOTO MYTH MMACCAKUPCKOro MOE3/1a, MOIy-
YEHHOr0 MyTeM CYMMHUPOBaHHs IO MHTEpBaJaM BpPEMEHHU M CKOPOCTH, 3allaHOEeBpOIEii-
CKOM METOJMKE M Ha OCHOBE MOJIENH I10€3/1a KaK CHUCTEMbl TBEPIBIX TEI — BaroHOB, B3au-
MOJICUCTBYIOIINX MEXKY COOOH.

KaioueBble c10Ba: 3KCTPEHHOE TOPMOXKEHUE, MOJEIb 110€3/1a, TOPMO3HOH IIyTh, Hepe-
MEHHBIH YKJIOH.

P. K. RUDAU, A. U. VARAZHUN
Belarusian State University of Transport, Gomel, Belarus

COMPARISON OF METHODS FOR THE BRAKE DISTANCE DETERMINING
AT TRAIN MOVEMENT ALONG A VARIABLE PROFILE

The process of train braking on the track sections with a variable profile is considered.
There is estimated the braking distance length for a passenger train, obtained by summing
up over time and speed intervals, using the Western European method and based on the
model of the train as a system of solid bodies — cars interacting with each other.

Keywords: emergency braking, train model, stopping distance, variable slope.



Canunukuii, B. C. 3ru6 3amemMinéHHON MO KOHTYPY KpPYroBOH HSTHCIOHOM
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Bem. 15. — C. 209-213.

B. C. CAJINIIKIH
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N3I'Ub 3AMEMIEHHONM IO KOHTYPY
KPYIOBOW IATUCJOMHOM IMJIACTHUHBI

PaccmorpeHo nedopmupoBaHne KpyroBoi CHMMETPHYHOM IO TOJIIMHE ISTUCIONHON
IUIACTHHBI B Cilydae AeiCTBHS PaBHOMEPHO paclpeielieHHOM Harpysku. IIpeamonaraercs,
YTO JJIs1 TOHKUX BHEIIHUX U BHYTPEHHErO HECYIMX CJIOEB BBINOIHAIOTCS KUHEMAaTHUECKUE
runore3sl Kupxrogpa. CpaBHHUTENBHO TOJCTHIH 3allONHHUTENb Je(GOPMHUPYETCs B COOTBET-
crBun ¢ runore3oi Tumomenko. Ilpu BbiBozse ypaBHEHUH paBHOBECHs BapHAalMOHHBIM
MerozioM Jlarpamxa NpuHsATa BO BHUMaHHME pabOTa TAaHI€HIUAJIBHBIX HAIPSDKEHUH B 3a-
nonuutene. [IpoBeneHa yucieHHas anpoOanys MoIyYeHHOrO aHATUTHYECKOTO PEIICHUS.

KuroueBble cJI0Ba: MATUCIIONHAS KpyroBas IU1acThHa, I/I3FI/I6, AHAJIMTUYECCKOE PCUICHUEC.

V. S. SALICKY
Belarusian State University of Transport, Gomel, Belarus

BENDING OF A CIRCULAR FIVE-LAYER PLATE CLAMPED ON THE CONTOUR

Deformation of a circular five-layer plate symmetrical in thickness under the action of a
uniformly distributed load is considered. It is assumed that the kinematic hypotheses of
Kirchhoff are fulfilled for the thin outer and inner carrier layers. A relatively thick core is
deformed in accordance with the hypothesis of Timoshenko. At the equilibrium equations
deriving by the variational Lagrange method, the work of tangential stresses in the filler is
taken into account. The obtained analytical solution is numerically tested.

Keywords: five-layer circular plate, bending, analytical solution.
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BEPXHOCTH CEpPIOBUIHOrO JBOWHMKA, K KOTOpPOMY MpHUIIOKEHA paclpeaenecHHas
Harpy3ka / H. M. CumanoBuu, O. M. Octpukos, M. II. Kynsreiiko // Mexanuka.
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HOJISI HAIIPSI2KEHUM B OBJACTH
PACIIOJIOKEHHOTI'O Y MIOBEPXHOCTH CEPIIOBHIHOT'O JIBOMHUKA,
K KOTOPOMY NIPUJIOKEHA PACHPEJAEJEHHASA HAT'PY3KA

Ipencrasien aHanu3 KOHQGUIypauuH MHOJCH HANpPsHKEHUH B 00NACTH CEPHOBHIHOTO
JIBOIHMKA, HaXOAAIIErocsl y MOBEPXHOCTU TBEPAOrO Tena, A cioydas AEHCTBHS Ha HEro
pacnpeneneHHoOd Harpy3ku. JlaHa cpaBHUTEJbHAs OLCHKA HANPSHKEHHOIO COCTOSHMS UL
JIBOMHHMKA CEpIIOBHIHONW (OPMBI M KIMHOBHIHOIO JBOWHMKA. PaccMoTpeHbl ocoOeHHOCTH
noseil Hanps KeHUH BIOJIb UCKPUBJICHHBIX I'PaHUIL JIBOMHUKOBON IPOCIOMKH.

KiloueBble c10Ba: MeXaHHMUECKOE JBOMHHKOBAaHHE, KIMHOBUIHBIN JBOMHHK, CEpIO-
BUJIHBIN JTBOMHHUK, TPaHHIA JBOMHUKA, HAPSHKCHHO-ICPOPMHUPOBAHHOE COCTOSHHE.

N. M. SIMANOVICH', O. M. OSTRIKOV?, M. P. KULGEYKO?
IP. O. Sukhoi State Technical University of Gomel, Gomel, Belarus
Belarusian State University of Transport, Gomel, Belarus

STRESS FIELDS IN THE REGION LOCATED NEAR THE SURFACE
OF A CRUCLE-SHAPED TWIN UNDER AN APPLIED DISTRIBUTED LOAD

An analysis of the stress fields configuration in the region of a crescent-shaped twin located
near a solid body surface is presented for the case of a distributed load acting on it. A compara-
tive assessment of the stress state for a crescent-shaped twin and a wedge-shaped twin is given.
The features of stress fields along the curved boundaries of the twin layer are considered.

Keywords: mechanical twinning, wedge-shaped twin, sickle-shaped twin, twin boundary,
stress-strain state.
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3. . CTAPOBOHTOB
Benopycckuii cocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBerapyce

M3I'Ub TPEXCJOMHOM IJIACTUHBI B TEMIIEPATYPHOM ITIOJIE
HATPY3KOMH, IPUWIOKEHHON K JIMHAN

PaccmoTpena 3amaya TEpMOYIPYrocTd 00 OCECHMMETPHYHOM H3THOE KPYroBOH Tpex-
CJIOMHOM IUIACTUHBI IONEPEUHON CHIION, MPUIOKEHHOH BIOJIb OKPY)KHOCTH K HECYLIEMY
cioro. Jlnst onucanus 1eGOpMUPOBAHUS TOHKUX HECYIHX CIIOCB U OTHOCHUTEIIBHO TOJICTOTO
3aMOJNIHUTEINST  MCIOJB30BaHbl THUIOTE3bl  COOTBEeTCTBeHHO Kupxroda u TumomeHko.
C noMoupi0 BapHaLlMOHHOTO METOJa IOJy4E€Hbl YpaBHEHHsI PABHOBECHS, YUUTHIBAIOLIHE
paboTy KacaTenbHBIX HAMpPSHKCHHU B 3alOJHUTENC. AHATUTUYECKOS PELICHHE KpaeBOH
3aJjaun MPEeJCTaBIeHO B KOHEYHOM BHe. IIpu 3a1aHHOM 3aKoHE pacnpeseseHus TemIiepa-
TYpBI 10 TOJIIMHE YUCIEHHO MCCJIEOBAHO BIMSIHHUE HA MEpEeMELICHUs B IUIACTUHE pajuyca
MPUIIOKEHUS] HArPY3KH B ClIydae €€ MOCTOSIHHOW paBHOAEHCTBYIOLIEH.

KaroueBble cioBa: TpexcioliHas KpyroBas IUIACTHHA, IOFOHHAs Harpyska, yIpyrocTb,
TeMIIepaTypa, PEeKyppeHTHOE pELICHHE.

E. 1. STAROVOITOV
Belarusian State University of Transport, Gomel, Belarus

A THREE-LAYER PLATE BENDING IN A TEMPERATURE FIELD
BY A LOAD APPLIED TO A LINE

The problem of thermoelasticity of a circular three-layer plate axisymmetric bending by a
transverse force applied along the circumference to the carrier layer is considered. The
hypotheses of Kirchhoff and Timoshenko, respectively, are used to describe the deformation
of thin carrier layers and relatively thick filler. Using the variational method, equilibrium
equations are obtained and they take into account the shear stresses work in the filler. The
analytical solution of the boundary value problem is presented in the final form. For a given
law of temperature distribution over the thickness, the load application radius influence on the
displacements in the plate for the case of its constant resultant is numerically investigated.

Keywords: three-layer circular plate, linear load, elasticity, temperature, recursive
solution.



Hpiranok, O. U. JlepopmupoBanue JOPOKHOU OAEKIbI MPU Pa3HBIX TEMIIe-
patypax ee noBepxHoctu / O. U. Ilsiranok, 1. E. Kpakosa, A. O. Illumanosckuii //
Mexanuka. UccnenoBanus U uHHOBanuu. — 2022. — Bem. 15. — C. 227-234.

O. U. IJPITAHOK, H. E. KPAKOBA, A. O. IIAMAHOBCKHH
Benopycckuii 2ocydapcmeennuiii ynusepcumem mpancnopma, I'omens, Benapyco

TE®OPMHUPOBAHHUE JTOPOKHOM OJEXIbI
P PA3HBIX TEMIIEPATYPAX EE MOBEPXHOCTH

Hccnenyercs: HanpskeHHO-IEHOPMUPOBAHHOE COCTOSIHUE CIIOCB JIOPOXKHOTO MOKPBITHS
O/ ICHCTBHEM HArpy3Kd OT MPOE3IKAKIIMX aBTOMOOWICH ¢ y4eTOM W3MEHEHHS TeMIiepa-
TYpBI 10 BbICOTE. PelieHue nmosaydeHo MmyreM KOHEUYHOIIEMEHTHOIO MOJCIUPOBaHUS B Cpe-
e nporpamMmmHoro komriuiekca ANSYS ¢ ucnonb3oBaHuEM 3JIEMEHTA, pealu3yIOIero pac-
YeT MEXaHUKU CBs3aHHBIX nosel. [lokazaHo, 4yTO 3HAYMTENbHOE MU3MEHEHHE TeMIIepaTyphbl
MOBEPXHOCTH JIOPOXKHOH ONESKIbl B TEUEHUE KOPOTKOIO IMPOMENKYTKA BPEMEHH MOXKET
CTaTh NMPUYHHONU 00pa30BaHUsI TIOBPEKICHUN B €€ CIIOSX.

KurwueBbie ciioBa: JAOPOKHOC IIOKPBITUE, aC(i)aJ'IbTO6eTOH, KOHCYHO-DJICMCHTHOC MO-
JACIUPOBaHUE, HaHpH)KeHHO-Z[e(bOpMPIpOBaHHOC COCTOSAHHUE.

V. L. TSYHANOK, I. E. KRAKAVA, A. O. SHIMANOVSKY
Belarusian State University of Transport, Gomel, Belarus

PAVEMENT DEFORMATION AT DIFFERENT TEMPERATURES OF ITS SURFACE

The stress-strain state of the pavement layers under the passing cars load action is in-
vestigated, taking into account the change in temperature along the height. The solution is
obtained by the finite element modeling in the ANSYS software package environment us-
ing an element that implements the coupled fields mechanics calculation. It is shown that a
significant change in the pavement surface temperature over a short time period can cause
damages in its layers.

Keywords: pavement surface, asphalt concrete, finite element modeling, stress-strain state.



Yepusik, A. B. M3ru0 cOHIBUY-TUIACTUHBI C BHEUITHUMH CIOSIMH, JIMHEHHO W3-
MeHstonumucs mo Tonuube / A. B. Uepnsak // Mexanuka. MccienoBaHuss 1 MHHO-
paruu. — 2022. — Bem. 15. — C. 235-240.

A. B. YEPHAK
Benopycckuii eocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

n3rub COHABUY-IIJIACTUHBI C BHEIIHUMH CJI0OAMMU,
JUHEWHO U3MEHAIOIIUMUCSA MO TOJIIWHE

PaccMoTpeH ocecMMMETpUYHBIH M3rHO KPYroBOH TPEXCIIOHHON COHIBHY-IUIACTHHBI C
BHEUIHUMM HECYIUMHU CIOSIMHU, JIMHEHHO U3MEHsAomuMucs 1o toimuuse. [Ipeanonaraercs,
4T0 Je)OpMHUPOBAHME BHEIIHUX CIOCB OIMCBHIBACTCS KHHEMAaTHYECKHMMH THIIOTE3aMU
Kupxroga. /I OTHOCHTEIBHO TOJICTOTO 3aMOJIHUTEINS HCIONB3YyeTcsl THnoTe3a THUMOIIeH-
ko. [lomydeHb! ypaBHEHUS pPaBHOBECHS, KOTOpbIE IIPU YyueTe HPUBEIACHHBIX IPAHHYHBIX
YCIIOBHI MO3BOJIIIOT YCTAHOBHUTH HAIPSDKCHHO-AE(OPMUPOBAHHOE COCTOSHHUE IIACTHHBI.

KirwueBbie cioBa: I/I3FI/I6, COHABUY-IUIACTHHA, [IEPEMEHHAas TOJIIHMHA HECYIIUX CIIOCB.

A. V. CHERNYAK

Belarusian State University of Transport, Gomel, Belarus

BENDING OF A SANDWICH PLATE WITH OUTER LAYERS OF LINEARLY
VARYING THICKNESS

An axisymmetric bending of a circular three-layer sandwich plate with external bearing
layers linearly varying in thickness is considered. It is assumed that the outer layers defor-
mation is described by Kirchhoff's kinematic hypotheses. For a relatively thick filler, the
hypothesis of Timoshenko is used. The equilibrium equations are obtained, they make it
possible to establish the plate stress-strain state, taking into account the given boundary
conditions.

Keywords: bending, sandwich plate, variable thickness of bearing layers.



IIumanoBkuii, A. O. Hayunoe Hacnenue akanemuka B. A. benoro /
A. O. lllumanosckuii, O. . [piranok / Mexanuka. MccnenoBaHuss 1 MHHOBAITUU. —
2022. — Bem. 15. — C. 241-245.

A. O. IIHMAHOBCKHH, O. H. IIBITAHOK
Benopycckuii cocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

HAYYHOE HACJIEJUE AKAJEMHKA B. A. BEJIOT'O

IIpencraBien aHanu3 BKJIajga, KOTOPbI BHEC B HayKy OJUH M3 OpraHusaTopoB beio-
PYCCKOrO MHCTUTYTa HHXEHEPOB XKEIEe3HOAOPOXKHOro TpaHcmopra (HbiHe benl'VT) akane-
Mmuk B. A. benbiii. [IpuBenen nepeueHs ero Hauboliee UTHPYEMBIX ITyOJIHKAIMIL.

KirwueBbie cioBa: HUCTOPHS HAYKH, TpI/I6OJ'IOFI/IH, METaJUIOIIOJIMMEPHBIC CUCTEMBI.

A. O. SHIMANOVSKY, V. I. TSYHANOK
Belarusian State University of Transport, Gomel, Belarus

SCIENTIFIC LEGACY OF ACADEMICIAN V. A. BELY

An analysis of the contribution to science made by one of the creators of the Belarusian
Institute of Railway Engineers (now BelSUT) academician V. A. Bely is presented. A list
of his most cited publications is given.

Keywords: history of science, tribology, metal-polymer systems.



KOcy6oBa, C. M. IlocTpoeHre ONHOPOAHBIX pEIICHUN B 3aJade O KpydeHUH
paauaIbHO-HEOJHOPOJHON TpaHcBepcalnbHO-u30TponHoi cdeprl / C. M. HOcybo-
Ba // Mexanuka. WUccrnenoBanust ¥ uaHoBamuu. — 2022, — B, 15. — C. 246-255.

C. M. JIOCY50BA
Jluyeui umenu leiidapa Anuesa, baky, Azepbaiioxrcan

MOCTPOEHUE OJHOPOJHBIX PENIEHUM
B 3AJJAYE O KPYUEHUHU PAJTAATIBHO-HEOJHOPOJHOM
TPAHCBEPCAJIbHO-U30TPOITHOW C®EPHI

[IpencraBieHo pelleHue 3aadd O KPy4eHHM HE3aMKHYTOH paJuaibHO-HEOIHOPOJHOM
TPaHCBEPCAILHO-U30TPONHOM cepbl, KOTopas HE COICPXKHUT HU OAWH u3 mnoiocoB 0 u .
Monynu ynpyrocTu JMHEHHO CBsI3aHBI C panguycoM cdepsl. bokoBas mOBepXHOCTb MpE.IIO-
Jaraercsi CBOOOJHON OT HAaNPsDKEHHWH, a JUIl KOHWYECKUX CCYCHUH 3a/Ial0TCs HANPSKEHHUS,
obecreunBaronye paBHOBecHe Chepbl. YUUTHIBAsI BBINOIHEHHE HAa OOKOBBIX MOBEPXHOCTSIX
cepsl OTHOPOAHBIX T'PAHUYHBIX YCIOBUH, BBIBEICHO XapaKTEPUCTUUECKOE YpPaBHEHUE
OTHOCHUTEIIBHO CIIEKTpalbHOro napamerpa. IlocTpoeHsl pelieHHs, COOTBETCTBYIOIIUE JIBYM
rpynmnam KopHeidl s3toro ypaBHeHus. IlepBoil rpymme cOOTBETCTBYET IPOHHKAIOLIEE peLle-
HUE, [IpU KOTOPOM HAIMPSUKEHHOE COCTOSIHUE COOTBETCTBYET NEHUCTBUIO KPYTAIIMX MOMEH-
TOB OT HaNpsHKCHUH, AEHCTBYIOLIMX B MPOU3BOJIBHOM CEUCHUU, HApaIeIbHOM 3KBATOPY
cepsl. Perenus, omnpenenseMble CYETHBIM MHOXKECTBOM BTOPOM T'PYIIBI KOPHEH, UMEIOT
XapakTep KpaeBoro 3(dexra, JOKaIM30BaHHOIO B KOHMYECKHMX cpe3ax. B ciywae cyme-
CTBEHHOW aHM30TPONUM HEKOTOpbIC TaKHE PEIICHUs 3aTyXarT HE3HAYUTEIbHO U MOLYT
OXBaTBIBATh BCIO 00JIACTH, 3aHATYIO C(epoil.

KnroueBble ciioBa: xpydeHue cdepsl, paJuallbHO-U30TPONHAs cdepa, TPaHCBEPCaIb-
HO-M30TpomnHas cepa, HaIPSHKCHHO-1e(pOPMUPOBAHHOE COCTOSHHE, KpaeBoi d(pexT.

S. M. YUSUBOVA
Lyceum named after Heydar Aliyev, Baku, Azerbaijan

HOMOGENEOUS SOLUTIONS CONSTRUCTION
FOR THE PROBLEM OF A RADIALLY INHOMOGENEOUS
TRANSVERSALLY ISOTROPIC SPHERE TORSION

A solution to the problem of torsion of a non-closed radially inhomogeneous transver-
sally isotropic sphere with not any poles of 0 and m is presented. The elastic moduli are
linearly related to the sphere radius. The lateral surface is assumed to be stress-free, and for
conic sections, stresses are specified to ensure the equilibrium of the sphere. Taking into
account the fulfillment of homogeneous boundary conditions on the sphere side surfaces, a
characteristic equation is derived with respect to the spectral parameter. Solutions are con-
structed corresponding to two groups of roots of this equation. A penetrating solution corre-
sponds to the first group, when the stress state corresponds to the action of torques from
stresses acting in an arbitrary section parallel to the sphere equator. The solutions deter-
mined by the countable set of the second group of roots have the character of a boundary
effect localized in conic slices. In the case of significant anisotropy, some of these solutions
decay insignificantly and can cover the entire region of the sphere.

Keywords: sphere torsion, radially isotropic sphere, transversely isotropic sphere,
stress-strain state, boundary effect.



SlpoBasi, A. B. CBoOonHble KojeOaHMs MIAPHUPHO 3aKPEIUICHHOW KPYroBOit
COHABUU-TUIACTUHBI B TemIepaTypHoM mnoie / A. B. SIposas // Mexanuka. Hccre-
noBaHust U uHHOBaIuu. — 2022. — Bein. 15. — C. 256-262.

A. B. APOBAA
Benopycckuii cocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

CBOBOJHBIE KOJIEBAHUS IIAPHUPHO 3AKPEIJIEHHOM
KPYTOBOM C3HJIBUY-TIJIACTUHBI B TEMIIEPATYPHOM MOJIE

Hccnenyrotcs cBOOOAHBIE MONEPEYHBIE KOJNeOaHUs HAXOASAIICHCS B TEMIIEPaTypHOM
oJIe KPyroBOd TpPEeXCIOMHOH MIACTUHBI ¢ LIAPHUPHO 3aKPEIUICHHBIM KOHTypoM. [Ipunsro,
4T0 ne(OpMUPOBAHHE COOTBETCTBYET KHHEMATHUECKOH THIOTe3e JIOMaHOW JimHuM. J[ist
pemieHus cucreMbl IU(GQEpeHIMANBHBIX YPaBHEHUH ABIDKCHUS HPUMEHEH METOX paslio-
XKEHHsI 110 CHCTeME COOCTBEHHBIX OPTOHOPMHMPOBAHHBIX (yHKIMH. [TomyueHO TpaHCLeH-
JICHTHOE YpaBHEHHWE, U3 KOTOPOro OIpeleleHbl COOCTBEHHbBIE YNCIAa M COOTBETCTBYIOIIHE
UM 4YacTOThl COOCTBEHHBIX KoneOanuil. IIpencraBieHbl pe3yibTaThl YHCICHHOIO pacyera
3aBHCHMOCTH COOCTBEHHBIX YacTOT KOJIEOAHUH OT TeMIIepaTyphl.

KnroueBble cioBa: KpyroBas COHABUY-IUIACTHHA, CBOOOAHBIE KOIeOaHWs, COOCTBEH-
Hble (DYHKIMH, TeMIepaTypa.

A. V. YAROVAYA
Belarusian State University of Transport, Gomel, Belarus

FREE OSCILLATIONS OF A HINGED CIRCULAR SANDWICH PLATE
IN A TEMPERATURE FIELD

Free transverse oscillations of a circular three-layer plate with a hinged contour located
in a temperature field are investigated. It is assumed that the deformation corresponds to the
kinematic hypothesis of a broken line. To solve the system of motion differential equations
there is applied the method of expansion in the terms of system orthonormal eigenfunc-
tions. A transcendental equation is obtained, on its base the eigenvalues and the correspond-
ing frequencies of natural oscillations are determined. The numerical calculation results of
the dependence of natural oscillation frequencies on temperature are presented.

Keywords: circular sandwich plate, free oscillations, eigenfunctions, temperature.



AciaHoB, J. A. CBs3p CUMMETpHUU MNPOCTpaHCTBA M 3akoHOB HbroToHa /
D. A. Acnanos, I'. T'. CadapoB, U. A. Hcmaun // Mexanuka. McciaenoBanus u
uHHOBaIMH. — 2022. — Bem. 15. — C. 263-269.

D. A. ACJIAHOB, I. I CA®APOB, U. A. HCMAHJT
Asepbatioxcanckuii mexnuueckuti ynusepcumem, baxy, Aszepbatiosxcan

CBA3b CUMMETPHUU NNPOCTPAHCTBA U 3AKOHOB HBIOTOHA

Ha ocHoBe CBOWCTB M30TPONUU U OJHOPOIHOCTU MPOCTPAHCTBA-BPEMEHH IPEIIIOKEHBI
myTH OOOCHOBaHHsI 3aKOHOB COBPEMCHHOH KiaccH4eckoil MexaHuku. [IpencraBiieHsl OKa-
3aTeJbCTBO 3aKOHA HMHEPIMUA U OOOCHOBaHHE SKBHBAJICHTHOCTH BEKTOPOB BO BTOPOM 3a-
koHe Hrprorona.

KirwoueBbie cioBa: CUMMETpHUs, IIPOCTPAHCTBO, 3aKOHBI HeroToHa.

E. A. ASLANOV, G. G. SAFAROV, 1. A. ISMAIL
Azerbaijan Technical University, Baku, Azerbaijan

RELATIONSHIP OF SPACE SYMMETRY AND NEWTON'S LAWS

On the basis of the space-time isotropy and homogeneity properties, ways of substanti-
ating the laws of modern classical mechanics are proposed. The proof of the inertia law and
the justification of the equivalence of vectors in Newton's second law are presented.

Keywords: symmetry, space, Newton’s laws.



H:xymaeB, X. JI. CoBpeMeHHBI MNOIXOA K MPENoJaBaHUIO TEOPETUUYECKOU
mexanuku / X. J[. JI>xymaes, YI. Mup3zaeB // Mexanuka. HccrnenoBaHust 1 MHHOBa-
. — 2022, — Bem. 15. — C. 270-272.

X A JPKVMAEB, U. MUP3AEB
Tawkenmckuii 20cy0apcmeerHblll MpaHcnopmuulii yHueepcumem, Tawikenm,
Vsbexucman

COBPEMEHHBIN MOJAXO0/I K MPENOJIABAHUIO
TEOPETUYECKOM MEXAHUKHU

PaCCManI/IBaeTCH HOBBIU noaxon K npenojaBaHUIO TeOpeTH‘{eCKOﬁ MCXaHUKHU, 0000-
MIAFOIIUN HCCJICAOBaHUs, IMPOBEACHHLIC YUYCHBIMU-II€AAroraMu B IMPEAbLIAYIIHUE TI'OJAbl, U
y'{I/ITI)IBaIOU_II/Iﬁ NnoTeHUIral CTYACHTOB B HAaCTOSAIICE BpEMSA.

KirwoueBbie cioBa: npenojaBaHue, TCOPETUICCKass MEXaHUKa, MMOTCHIIMAl CTYJE€HTOB.

X. D. JUMAEV, 1. MIRZAEV
Tashkent State Transport University, Tashkent, Uzbekistan

MODERN APPROACH TO ENGINEERING MECHANICS TEACHING

There is considered a new approach to teaching of engineering mechanics, summarizing
the research performed by scientists-teachers in the recent years taking into account the
potential of students at the present time.

Keywords: teaching, engineering mechanics, student’s potential.



Komuarusiii, /I. B. KonebarenbHble lenu B Kypce TEOPETHUECKOH MEXaHHMKH
TpancnoptHoro By3a / JI. B. Komuatusiit / Mexanuka. MccnenoBaHuss U MHHOBa-
. — 2022, — Bem. 15. — C. 273-278.

JI. B. KOMHATHBIH
Tomenvckuili eocyoapcmeennuvlil mexnuueckuti ynusepcumem um. I1. O. Cyxoezo,
Tomens, Benapyco

KOJIEBATEJIbHBIE IIEIIK B KYPCE TEOPETUYECKOM MEXAHUKH
TPAHCIHHOPTHOI'O BY3A

Hpez[naraeTca MeTOZ[I/I‘{eCKPIﬁ noaxon K H3y4YCHHUIO KoJIeOaTeIbHBIX nerned B Kypcax
TeOpeTH‘{eCKOﬁ MEXaHUKH Uil NOATOTOBKU HHIKCHEPOB TPAHCIIOPTA. HpHBe;[eHa KJ1acCH-
(bI/IKaIII/IH KoJIeOaTeIbHBIX Lerneu. PaCCMOTpeHa MNPUMEHUMOCTb TEOPEMbL IHTpra K pas-
JIMYHBIM HX THIIAM. HOJ’Iy‘{eHI)I YpaBHCHUSA JABUKCHUS KoJIe0aTeIbHBIX nerneu MCTOAOM
ypaBHeHI/Iﬁ J'IarpaH)Ka BTOpPOI'0O poJia U ONUCAHbI METO/bl UX PCIICHUS. ITokaszana ananorus
IPOCTBIX U CJIOXKHBIX KoJIe0aTeIbHBIX nernei ¢ (bI/IJ'II)TpaMI/I QJICKTPUYECKUX KoJIeOaHuH.

KnroueBble cioBa: koieOaTenbHbIE LEMH, TEOpPETHUYECKas MEXaHMKa, ypaBHeHus Jla-
rpamka, Teopema LlITypma, 4acToTHBIC (UIBTPEL.

D. V. KOMNATNY
Gomel State Technical University named by P. O. Sukhoi, Gomel, Belarus

OSCILLATION CHAINS IN ENGINEERING MECHANICS COURSE
OF A TRANSPORT UNIVERSITY

A methodical approach to the study of oscillatory chains in the courses of engineering
mechanics for the transport engineers training is proposed. The classification of oscillatory
chains is given. The applicability of Sturm's theorem to their various types is considered.
The motion equations for the oscillatory chains are obtained by the method of Lagrange
equations of the second kind, and the methods for their solution are described. The analogy
of simple and complex oscillatory chains with filters of electrical oscillations is shown.

Keywords: oscillating chains, theoretical mechanics, Lagrange equations, Sturm's theo-
rem, frequency filters.



JlokTHoHOB, A. B. BbIBOA ypaBHEHHsS MalbIX KOJeOaHHH JILIMNTHUYECKOTO
MasTHUKa Ha OCHOBE TEOPUU OTHOCUTENBHOro IBMxeHHs / A. B. JIOKTHMOHOB,
A. A. Cunoposuu // Mexanuka. UccnenoBanus u unHoBanuu. — 2022. — Beim. 15. —
C. 279-282.

A. B. IOKTHOHOB, A. A. CUJOPOBHUY
Bumebckuil 2ocyoapcmeennuvlii mexnonocuueckull yHugepcumem, 2. Bumeock,
Fenapyco

BbIBOJI YPABHEHMSI MAJIBIX KOJIEBAHUM
QVIMITUYECKOI'O MASATHUKA
HA OCHOBE TEOPUHM OTHOCHUTEJIBHOI'O ABUKEHUA

HpeZ[CTaBJ'IeHa METOAMKA BbIBOJA YpaBHEHUS MaJlbIX KOJIEOAHHUH DJUTUIITHYECKOTO Ma-
ATHUKA, OCHOBaHHAas Ha NPUMCEHEHUMU IIPUHIUIIA ﬂaﬂaM6epa. C Y4€TOM OTHOCUTEJIbHOI'O
JBUIKCHHUSA CTEPXKHSA C HIAPHUKOM IOJIYUYCHO JIMHEHHOE HEOAHOPOAHOC ﬂntbtbepeHuHaﬂbHoe
YpaBHCHHUE, OIMUCHIBAIOIICE 3aKOH HM3MCEHEHUS YIJla MOBOPOTA CTCPIKHSA MasiTHUKA. 06Cy)K-
JACHbI HEKOTOPbLIC aCNEKTbl NPUMCEHECHUS IMPUHIIUIIA ,HanaM6epa, KOTOPLIC I[MO3BOJIAOT pac-
CMaTpuBaTb OTHOCHUTECIIBHOC IABUIKCHHUEC IIYTEM €ro (bI/IKTI/IBHOFO MPpUBEACHUA K a0CoITIOT-
HOMY NBHKEHUIO.

KnroueBble cI0Ba: JJUIMNTHYECKHH MAasTHHK, Mallble KoOJleOaHUsS, OTHOCHTEIbHOE
JBKeHue, npuHuun Jlamamoepa.

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

DERIVATION OF THE SMALL OSCILLATIONS EQUATION FOR AN
ELLIPTICAL PENDULUM BASED ON THE RELATIVE MOTION THEORY

There is presented a technique for deriving of the small oscillations equation for an el-
liptical pendulum based on the application of the d'Alembert principle to a material point
relative motion. A linear inhomogeneous differential equation is obtained, it describes the
law of the pendulum rod rotation angle change. Some aspects of the d'Alembert principle
application are discussed, they allow to consider relative motion by fictitious reduction to
absolute motion.

Keywords: small oscillations, d'Alembert's principle, relative motion, elliptical pendulum.



ducenko, E. H. Ananu3 ycTOHYMBOCTU LEHTPATbHO-CKATBIX TOHKOCTEHHBIX
crepxueit / E. H. ®ucenko, P. A. CabupoB // Mexanuka. MccrenoBanuss 1 HHHO-
paruu. — 2022. — Bem. 15. — C. 283-285.

E. H ®UCEHKO, P. A. CABUPOB
Cubupckuii 20cy0apcmeenHviil YHU8epCumem HAyKu u mexHonocuu
um. axao. M. @. Pewemnesa, Kpacrosapck, Poccus

AHAJIA3 YCTOMYUBOCTHU
LHEHTPAJIBHO-CXKAThIX TOHKOCTEHHBIX CTEPKHEM

HpeZ[CTaBJ'IeHO pacquHo-rpathquKoe TNIPOCKTHPOBOYHOE y'{e6Hoe 3ajaHue NJid usyqe-
HUsA yCTOﬁ‘{HBOCTH CTep)KHeﬁ C TOHKOCTECHHBIMU MNOINEPEYHbIMU CCUYCHUSIMU (B TOM 4YHCJIC U
HeOZ[HOCBfBHI)IMPI), NpeaHasHa4Y€HHOE I CTYACHTOB a’3pOKOCMUYCCKUX CHeIIPIaJ'II;HOCTeﬁ,
H3yvaromux JUCHUILIMHbBL <<COHpOTI/IBJ'IeHI/Ie MaTepuaioB» U <<CTpOI/ITeJ'II>Ha$I MCXaHHKa».

KuroueBbie ciioBa: yCTOﬁ‘{PIBOCTI), TOHKOCTCHHBIH CTEPKEHb, METOJ] YMCHBIICHHUSA OC-
HOBHOI'O AOITYCKA€MOI'0 HAlPAXKCHUS.
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STABILITY ANALYSIS OF THE CENTRALLY COMPRESSED THIN-WALLED RODS

There is presented an educational task for a calculation graphic project for studying the
stability of rods with thin-walled cross sections (including non-simply connected ones),
intended for students of aerospace specialties studying the disciplines "Strength of Materi-
als" and "Structural Mechanics".

Keywords: stability, thin-walled rod, method of reducing the main allowable stress.



