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JE®OPMHPOBAHME IIOA3EMHBIX TPYEOIIPOBOIOB-CTEPKHEM
1P NEPEMEHHOM HAI'PY;KEHUH C YYETOM HOBPEXXJIAEMOCTH
U B3AUMOJEUCTBUSA CTPYHTOM

INpuBomuTcs MareMaTuyeckas MOJENb B3aHMMOJCHCTBYIOIIMX C TPYHTOM IIOA3€MHBIX
TpyOOIPOBOIOB-CTEPIKHEH, KOTOPas yUUTBIBACT MOBPEkKIAEMOCTb HX Matepuana. Ha ocHoBe
neopMaIMOHHOM TEOpUH M BapHalMOHHOro mnpuHiuna [amuiaeroHa — OcCTporpajickoro
nosrydeHa cucreMa JuQdepeHInanbHbIX YpaBHEHUH JBWKEHHS TPYOOIPOBOAA-CTEPIKHS
IIpY TIEPEMEHHOM Harpy keHHH 1 cOpMYITUPOBaHbI KpaeBble 3a1aul. [IpescraBieHa MeTo-
JIMKa pacyeTa TPyOONpOBOIOB IIPU ANHAMUYECKOM HArpyXXEHHH C YU4ETOM BSI3KOYIPYToro
B3anMOZICHCTBHA ¢ rpyHTOM. [locTpoeHue pemieHus cucteMsl AU GepeHINaIbHBIX ypaB-
HEHHH ¢ Y4eTOM 33laHHbIX IPAHMYHBIX U HAYAJIBHBIX YCJIOBHH BBITIOJIHEHO C NPUMEHEHHEM
Pa3HOCTHOM CXeMBl BTOPOrO MOpsAKa TOUHOCTH. IIpeicraBieH mpumep, B KOTOPOM pac-
CMOTpEHBI KoseGaHus MOJ3eMHON TPYOBl C Y4ETOM ee BA3KOYNPYToro B3aMMOJCHCTBHS C
I'PYHTOM M HOBPEXKAAEMOCTH.

KuoueBrble ciioBa: TIEPEMEHHOC HArpy>X€HUE, BA3ZKOYIPYIroCTh, JIACTUYHOCTDL, BapHua-
LIMOHHBIN TNIPUHIHAIL, TIOBPEKAAEMOCTD, B3aMMOJICHCTBUE C TPYHTOM.

A. ABDUSATTARQV, N. B. RUZIEVA
Tashkent State Transport University, Tashkent, Uzbekistan

DEFORMATION OF UNDERGROUND PIPELINES-RODS UNDER VARIABLE
LOADING, TAKING INTO ACCOUNT THE DAMAGEABILITY AND
INTERACTION WITH SOIL

The paper presents a mathematical model for interacting underground pipeline-rods and
the soil that takes into account the material damageability. Based on the deformation theory
and the Hamilton — Ostrogradsky variational principle, a system of differential equations of
pipeline-rod motion (equilibrium) under variable loading is obtained and the boundary val-
ue problems are formulated. A method for calculating pipelines under dynamic loading is
presented, taking into account viscoelastic interaction with the soil. The formulation of a
solution to a system of differential equations is carried out considering the specified bound-
ary and initial conditions and using a difference scheme of the second order accuracy.
There is presented the example where the vibrations of an underground pipe are considered,
taking into account its viscoelastic interaction with the soil and its damageability.

Keywords: variable loading, viscoelasticity, plasticity, variation principle, damageability,
interactions with soil.



Akhramenko, N. A. Movement of a point material object in a massive ring plane /
N. A. Akhramenko // Mechanics. Researches and Innovations. — 2023. — Vol. 16. — P. 17-21.

N. A. AKHRAMENKO
Belarusian State University of Transport, Gomel, Belarus

MOVEMENT OF APOINT MATERIAL OBJECT
IN A MASSIVE RING PLANE

The interaction of a massive ring and a point material object is considered. The case of
the point material object location and movement in the plane of the ring is investigated. It is
determined that at increasing distance from the ring, the force interaction magnitude de-
creases. It is shown that there are possible circular trajectories of movement outside the
ring, that are similar to motion around a spherical mass distribution.

Keywords: gravity field strength, force interaction, massive ring.
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JABUKEHUE TOYEYHOI'O MATEPUAJIBHOI'O OFBEKTA
B IJIOCKOCTH MACCHUBHOTI'O KOJIBIIA

PaccmaTpuBaeTcst B3aMMOCHCTBHE MAacCHBHOIO KOJIbIIA M TOYEYHOTO MAaTepHAIbHOIO
obbekra. Mccnenyercs ciydaid pacrionioKeHUs M ABWXKEHHMS TOYEYHOTO MaTepHUalIbHOTO
o0beKTa B INIOCKOCTH Konbla. OmpeneneHo, yTo N0 Mepe yJaleHust OT KOJblia BeJIHYHHA
CHJIOBOIO B3aMMOJCHCTBUS yMeHbIIaeTcs. [Toka3aHo, YTO BO3MOXKHBI KPYTOBbIE TPaeKTO-
PHU JBM)XCHUS BHE KOJIbLIA aHAJIOTHYHO JIBHKEHHUIO OKOJIO IIApOOOPa3HOro pacipeesieHus
Macchl.

KiioueBble cioBa: HanpsA>XEHHOCTb I'PaBUTALlMOHHOI'O IOJII, CHJIOBOC B3aUMOJICH-
CTBHEC, MAaCCUBHOE KOJIbLIO.



Boopunkuii, C. M. KoHnenmuss WHAMBUAYATFHOTO (HOPMHUPOBAHUS CTPYKTYPHI BpeE-
MEHHBIX TEXHUYECKUX OOBEKTOB, HAXOJAIIMXCS O] IEHCTBUEM HArpy30K Pa3sHOW MpUpO-
net | C. M. Bobpuukuii // Mexanuka. MccnenoBanus v uaHoBanud. — 2023, — Beim. 16, —
C. 22-27.

C. M. BOBPHUIJKHH
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KOHIENIUS UHANBUAY AIBHOI'O ®OPMHUPOBAHUSA CTPYKTYPBI
BPEMEHHbIX TEXHUYECKHUX OFBEKTOB, HAXOJISIIINUXCS1
noa AEMCTBUEM HAT'PY30K PAZHOU ITPUPO/AbI

[IpexcTaBieHbl TpaAUIIMOHHBIE METOIBI PACYETOB TEXHIMUYECKUX 00BEKTOB (BPEMEHHBIX
COOpYXXEHHI) 1 HOPMAaTHBHBIE HAarpy3KH Pa3HOH Npupoibl (NMOCTOSHHBEIE, BPEMEHHBIE U
1p.). IIpeanokeH KOHIENTYa bHBIN MOAX0A K WHIWBUIYAIFHOMY (POPMUPOBAHUIO CTPYK-
TypBl BPEMEHHBIX TEXHHYECKHX OOBEKTOB HAa OCHOBE JUHAMHYHO Pa3BHBAIOIINXCS MEX-
JMCIATUTMHAPHBIX MOAXO0/I0B K OIEHKE Hecyllel CIIOCOOHOCTH, MO3BOJITIOIINX YYeCTh BO3-
JIeMCTBUS Harpy30K pa3HOi MpUpPOABL.

KiroueBble ciioBa: TeXHUYECKUIT 00BEKT, BPEMEHHBIE COOPYKEHHUsI, MECTHbIE MaTepu-
aiisl, popMooOpazoBaHKe, UMUTALIMOHHOE MOJIEIMPOBAHHUE, HAIPY3KH PAa3HOM PHPOBL.

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

THE INDIVIDUAL FORMATION CONCEPT
FOR THE TEMPORARY TECHNICAL OBJECTS STRUCTURE
UNDER THE INFLUENCE OF LOADS OF DIFFERENT NATURES

Traditional methods for calculating technical objects (temporary structures) and stand-
ard loads of different nature (permanent, temporary, etc.) are presented. There is proposed a
conceptual approach to the individual formation of temporary technical objects structure
based on dynamically developing interdisciplinary approaches to bearing capacity as-
sessing, allowing to take into account the effects of loads of different nature.

Keywords: technical object, temporary structures, local materials, shaping, simulation
modeling, loads of different nature.



Bongapenko, B. O. I3menenne Hanpspk€HHO-e)OPMHUPOBAHHOTO COCTOSTHUSI Oaiok
Pa3INYHOrO MOMEPEIHOTO CeUeHus B pe3ynbrate kopposuu / B. O. bounapenko // Mexanu-
ka. Mccnemosanus u unnoBaiuu. — 2023. — Beim. 16. — C. 28-34.
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M3MEHEHUE HAIIPSDKEHHO-TE®@OPMHUPOBAHHOI'O COCTOSTHUSI BAJIOK
PA3JIMYHOI'O IONEPEYHOI'O CEYEHUSI B PE3YJIbTATE KOPPO3UHN

PaccmaTpuBaeTcst U3ru6 MeTajInuecKHX 0aJoK pa3iuyHOro NMONEPEeYHOrO CEYEHHMS MOJ
JelicTBreM cratideckod Harpyskw. [IpmHHMaeTcs Bo BHUMaHHE W3MEHEHHE C TEUCHHEM
BpPEMEHH I'€OMETPUYECKUX TIapaMeTPOB CEUEHUll, cBA3aHHOE ¢ Koppo3uel Marepuana. [lo-
Ka3aHO, YTO WHTEHCHBHAs KOPPO3WS COPTAMEHTHHIX Npoduiieil Tra OByTaBpa MOXKET
CTaTh NPUYMHOW YBEIMYEHWs HamnpspKeHH B aBa W Oojee pas3a IO CpaBHEHHIO C HX
HayaJIbHBIM YPOBHEM.

KiroueBblie clioBa: Merammdeckast Oaka, HampsyKEHHO-IeOpMHPOBAHHOE COCTOSHHE,
KOPPO3HS.

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

STRESS-STRAIN STATE CHANGE OF BEAMS OF DIFFERENT CROSS SECTIONS
AS A RESULT OF CORROSION

The bending of metal beams of various cross sections under the static load influence is
considered. The change in geometric parameters of sections over time associated with the
material corrosion is taken into account. It is shown that intense corrosion of assortment
profiles such as I-beams can cause an increase in stresses by a factor of two or more com-
pared to their initial level.

Keywords: metal beam, stress-strain state, corrosion.



Bepemeiiuuk, A. . Bnusaue napaMeTpoB 30H ¢ H3MEHEHHBIMH TI0CTIe TepMO0OpaboT-
KM XapaKTEepUCTHKaMH MaTepualia Ha HaNpsDKEHHO-Ie(POPMUPOBAHHOE COCTOSHUE 00pas-
os / A. Y. Bepemeituuk, M. B. Hepona, b. I'. Xononmaps // Mexanuka. UccienoBanus u
naHOBauu. — 2023. — Beim. 16. — C. 35-45.

A. M. BEPEMEUYUK, M. B. HEPOJ]A, B. I'. XOJIOJAPh
Bpecmcexuii cocyoapemeennvlii mexnuyeckuil ynusepcumem, bpecm, Benapyce

BJIMSAHUE NAPAMETPOB 30H C U3BMEHEHHBIMMU ITOCJIE
TEPMOOFBPABOTKHU XAPAKTEPUCTUKAMMU MATEPHUAJIA
HA HAITIPSKEHHO-JE®OPMUPOBAHHOE COCTOSIHUE OBPA3IIOB

ITpoBeIeHO KOMITBIOTEPHOE MOJICITUPOBAHHE HAIPSKEHHO-1e()OPMHUPOBAHHOTO COCTO-
STHUSL 00pa3loB ¢ 0OpabOTaHHON 30HOW CETMEHTOBHMIHOTO CEYEHHS M IPOMEXYTOYHOU
30HOM CEPITOBUIHOM (OPMBI MPH pacTsHKEHUH. VICCe0Banbl MPOI0JIbHbIE M SKBUBAJIEHT-
HBIE HAlPsDKEHUS B 3aBHCHMOCTH OT MEXAaHHYECKHX XapaKTEPHCTUK MarepHaya 30H M UX
reoMeTpryeckux pasmepos. OrmpeseneHsl K03 OUIHEHTI KOHICHTPAIMH HANPSHKSHHUH B
OKPECTHOCTH 30H TePMOOOPabOTKH.

KitroueBble cioBa: HanpsDKEHMSI, MOJYJb YIpyrocty, koagduuent [lyaccona, koag-
(bUIMEHT KOHIIEHTPALINH, HATPS)KEHHO-1e()OPMUPOBAHHOE COCTOSHHUE.

A. . VERAMEICHYK, M. V. NERODA, B. G. HOLODAR
Brest State Technical University, Brest, Belarus

INFLUENCE OF THE PARAMETERS OF ZONES WITH CHANGED MATERIAL
CHARACTERISTICS AFTER HEAT TREATMENT ON THE STRESS-STRAIN
STATE OF SAMPLES

A computer simulation of the stress-strain state of samples with a treated segmental
cross-section zone and an intermediate sickle-shaped zone under tension is carried out.
There are analyzed the longitudinal and equivalent stresses depending on the material me-
chanical characteristics of the zones and their geometric dimensions. Stress concentration
coefficients in the areas of heat treatment zones are determined.

Keywords: stresses, elastic modulus, Poisson's ratio, concentration coefficient, stress-
strain state.
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COBEPHIEHCTBOBAHUME MYJbTUMOJAJIBHBIX TEPEBO30OK TPYB
BOJIbIIOI'O ITMAMETPA

PaccMoTpeHs! BapHaHTHI pa3MeIleH s M KPeIUIeHHs TpYO B IOJyBaroHax, Ha JKeJIe3HOI0-
POKHBIX YHUBEPCATBHBIX U CTICIMATN3UPOBAHHBIX IUIATGOpMax, aBTOTPAHCIIOPTHBIX CPe-
CTBaX, a TAaK)ke B YHUBEPCAIBHBIX KOHTeHHepax. [Ipeuioxkena cxema makeTHpoBaHus TPyO,
TIPEINoNIaraoIas uX pa3MeIleHre B CeUaIN3MPOBAHHOM KOHTEHHEpe, KOTOpast TO3BOJISIET
COKpATHTb 00BEM ITOTPy304HO-Pas3rpy304HbBIX pabOT MPH CMEHE BUJIA TPAHCIIOPTA.

KuioueBble ¢JI0Ba: NIOJTyBaroH, mwiatdopma, epeoska Tpyo, ycTpoiicTBa KperieHus,
KOHTeHep Ui TpyO.

I. A. VARAZHUN, 4. U. VARAZHUN
Belarusian State University of Transport, Gomel, Belarus

IMPROVING MULTIMODAL TRANSPORTATIO OF
LARGE DIAMETER PIPES

Options for placing and fastening pipes in gondola cars, on universal and specialized
railway platforms, vehicles, as well as in universal containers are considered. A pipe pack-
aging scheme is proposed and it involves placing them in a specialized container, which
allows to reduce the volume of loading and unloading work at changing transport type.

Keywords: gondola car, flatcar, transportation of pipes, fastening devices, container for
pipes.



I'axpamanos, B. ®. Ananu3 XapakTepUCTUK JIETMPOBAaHHBIX CTAJIEH MOCIE XPOMOAu-
tuposanust / B. @. Faxpamanos, D. A. Acnanos // Mexanuka. HccneoBanust 1 HHHOBAITHH.
—2023. — Bpim. 16. — C. 53-57.
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Baxunckuii unocenepuuiii ynueepcumem, Xvipoanan, Asepbaiioxcan
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AHAJIA3 XAPAKTEPUCTHUK JIETUPOBAHHBIX CTAJIENA
MOCJIE XPOMOAJIUTUPOBAHU S

BeinonHeHn 3KcnepuMEHTanbHbIM aHann3 XxapakrepucTuk craned 3X2B8d wu
4X5B2®C, noBepXHOCTHBIN CIOH KOTOPBIX HACHILAJICS XPOMOM U QJIIOMHHUEM Ta30BbIM
METOJIOM B nopouikax. [IpuBeneHo cpaBHEHHE pa3MepOB ayCTEHUTHOI'O 3€pHA, MOJIyUYeHHO-
IO TIPH Pa3HOW JUTMTENBHOCTH TEPMOOOPabOTKH, M KAPOCTOHKOCTH IPU TEMIIepaTypax OT
800 no 1000 °C. Ioka3aHo, 4TO XpOMOAIUTHPOBAHUE TTO3BOJIIOT 3HAUUTENFHO YITyUIIUTh
XapaKTepUCTHKN MIOBEPXHOCTHOTO CII0S 00padaThIBAEMOro M3/IeITHs.

KitroueBble cjioBa: JernpoBaHHas CTallb, XPOMOAJIUTHPOBAHUE, pa3Mep 3epHa, ’Kapo-
CTONKOCTb.

V. F. GAKHRAMANOVY, E. A. ASLANOV?
!Baku Engineering University, Khirdalan city, Azerbaijan
2Azerbaijan Technical University, Baku, Azerbaijan

ANALYSIS OF CHARACTERISTICS OF ALLOYED STEELS
AFTER CHROMOALITATION

There is performed an experimental analysis of the characteristics of steels 3Kh2V8F
and 4Kh5V2FS with the surface layer saturated with chromium and aluminum by the gas
method in powders. A comparison of the sizes of austenite grains obtained at different heat
treatment durations and heat resistance at temperatures from 800 to 1000 °C is carried out.
It is shown that chromoalitizing can significantly improve the characteristics of the surface
layer of the processed product.

Keywords: alloy steel, chromium aluminizing, grain size, heat resistance.



Ierepemt, M. I'. OcobeHHOCTH y4eTa AMHAMHYECKHX HAarpy30K NP IEePeBO3KE JUTHH-
HOMEPHBIX TPY30B KeJIe3HOAOpOKHbIM TparcmopToM / M. T. Terememn, A. B. Bopoxys //
Mexanuka. Uccnenosanust u naHoBanun. — 2023. — Beim. 16. — C. 58-63.
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OCOBEHHOCTHU YYETA JUHAMMNYECKUX HAI'PY3O0K IIPU IIEPEBO3KE
JJIMHHOMEPHBIX I'PY30B KEJE3HOAOPOKHBIM TPAHCIIOPTOM

BerImosiHeH aHanu3 0COOCHHOCTEH TPAaHCIIOPTUPOBKH JUIMHHOMEPHBIX I'DY30B Ha JKe-
JIECBHOAOPOKHOM MMOJABHUKHOM COCTaBE, O6yCJ’[OBJ’[eHHHX TCOMETPUICCKUMU TTapaMETpaMu
Tpy30B, CBOWCTBaMH MaTepuajioB, U3 KOTOPBIX BBIITOJIHEHBI I'PY3bI U CPEACTBA KPCIUJICHUS, a
TaKXE XapaKTCPOM AMHAMHWYCCKUX HArpy30K, UCIBITHIBAEMBIX TAKUMHU I'PYy3aMHU B IIPOLECCE
NEPEBO3KU.

KarueBble cii0oBa: I[HHHHOMCpHBIﬁ rpys, yCTpOﬁCTBa KpeIUICHUS, TMHAMUYCCKUE HArpy3-
KU IIpU TPAHCIIOPTUPOBKE, KoJieOaHus JUIMHHOMEPHBIX I'PY30B.

M. G. GEGEDESH, A. U. VARAZHUN
Belarusian State University of Transport, Gomel, Belarus

PECULIARITIES OF LONG CARGO TRANSPORTATION
BY RAILWAY TRANSPORT

There is performed an analysis of the long cargo railway transportation peculiarities,
determined by the geometric parameters of the cargo, the properties of the materials of the
cargo and fastening devices, as well as the nature of the dynamic loads experienced by such
cargo during transportation.

Keywords: long cargo, fastening devices, dynamic loads at transportation, long cargo oscil-
lations.



Hembsnuyk, O. B. MoznennpoBanue o0TeKaHHS MOTOKOM BO3[yXa MpPSMOYTOJIBHOTO
napamiernermrena / O. B. Jembsanuyk / Mexanuka. Uccnenosanns u nnnoBarwm. — 2023. —
Bem. 16. — C. 64-72.
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MOJEJNPOBAHUE OBTEKAHUS ITIOTOKOM BO31YXA
IPAMOYT'OJIBHOI'O ITAPAJIVIEJIEIIMITEJA

PaccMaTpuBaeTcst 0OTeKaHHE ITOTOKOM BO3JyXa JKEIE3HOAOPOXKHOIO BaroHa, MOJEIH-
pPYeMOro MpsiMOYrOJIbHBIM TapasuienenumesioM. OMNUCHIBAIOTCS OCOOCHHOCTH KOHEYHO-
ayieMeHTHOH MoJenH, noctpoeHHo B cpene ANSYS CFX. BrinonHeHo cpaBHEHHE pe3yiib-
TaToOB OIpENEICHHs] CKOPOCTEH MOTOKAa BO3IyXa M €ro JaBJICHMS Ha CTEHKY BaroHa st
Mozeneii TypOynenTHocTH k— 1 K—o. Tlonydens! 3HaueHns K03 (HUIHEHTOB a3poHaAMH-
YECKOr0 COMPOTHBIICHHUS.

KioueBbie cJji0Ba: a’poJMHAMKKA, KOHEYHO-3JIEMEHTHOE MOJIENUPOBaHUE, TypOy-
JICHTHOCTb, a3POAMHAMHYECKHI KOd(dHIIIEHT.

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

SIMULATION OF AIR FLOW MOVEMENT AROUND A RECTANGULAR
PARALLELEPIPED

The air flow around a railway car modeled by a rectangular parallelepiped is consid-
ered. There are described the peculiarities of the finite element model built in the ANSYS
CFX environment. The comparison of results of determining the air flow velocities and its
pressure on the railway car wall for the k—¢ and the k—® turbulence models is performed.
The values of the aerodynamic drag coefficients are obtained.

Keywords: aerodynamics, finite element modeling, turbulence, aerodynamic coeffi-
cient.



Konnsinko, E. B. Pemenne KOHTakTHOW 3a1a4d IS Tela Ka4eHUs ¢ TOHKUM niedop-
MHpYeMBbIM HecskumaeMbiM 06010M / E. B. Koansiako, . A. Ueproyc / Mexaunuka. Hccie-
noBanys 1 naHOBanmy. — 2023. — Bem. 16. — C. 73-85.

E. B. KOTHAHKO?, 1. A. YEPHOYC?
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2Benopycckuii 2ocyoapcmeennvlii yuusepcumem mpancnopma, 'ovens, Benapycn

PEIIEHUE KOHTAKTHOM 3AJJAYM JIJISI TEJIA KAYUEHUSA C TOHKUM
JE®OPMUPYEMBIM HEC:)KUMAEMBIM OBOI0OM

Ipemnoxena Momudukalwst paHee pa3paOOTaHHON aCHMITOTHYECKON METOIMKH pelle-
HHS KOHTAaKTHBIX 337a4 U JKECTKOrO Tejla KaueHHs, MMEIOLIETO TOHKHI JeopMHUpyeMBbli
0001, MO3BOJIAIONIAS MOJIyYUTh PEICHUs B ClIyuae HecKHMaeMoro Marepuana oboxa. Ilo-
CTPOEHBI PACUETHBIE AMarpaMMbl «CHJIa — CMEICHHe» [UTs Pa3IMYHbIX 3HAUeHNH Ko duiy-
enra TpeHus. OmnpeneNieHbl SMIOpbl KOHTAKTHOTO JIaBJICHUS M COBMIOBOTO KOHTaKTHOTO
HaIpsHKeHUs!, YCTAHOBIICHO PacIpe/ieieHle MHTEHCHUBHOCTH TEH30pa HANPsDKEHUH B 00071€.
BbITOTHEHO CpaBHEHHE C PE3YJIBTATAMH, ITOTYYCHHBIMU METOZIOM KOHEUHBIX JJIEMEHTOB.

KiroueBble cjioBa: KOHTaKTHas 3ajla4ya, aCUMIITOTUYCCKOC l'[pI/I6.]'H/I)KeHI/Ie, TOHKHI
CJ'[Oﬁ, HEC)KUMaEMBbIit MaTepHajl, KOHTAaKTHOE JaBJICHUC, KOHTAKTHOE CABUI'OBOC HaIIPsKeE-
HHE, MTHTCHCUBHOCTH TEH30pa HaHpﬂX(eHHﬁ.

E. V. KADNIANKA??, D. A. CHERNOUS?
1JSC "Soligorsk Institute of Resources Saving Problems with Pilot Production”, Soligorsk, Belarus
2Belarusian State University of Transport, Gomel, Belarus

SOLUTION OF THE CONTACT PROBLEM FOR A ROLLING BODY
WITH A THIN DEFORMABLE INCOMPRESSIBLE RIM

A modification of a previously developed asymptotic method for the contact problems
solving for a rigid rolling body with a thin deformable rim is proposed, it allows to obtain
solutions for the case of an incompressible rim material. Calculated “force — displacement"
diagrams are obtained for various friction coefficient values. Diagrams of contact pressure
and shear contact stress are determined, and the stress tensor intensity distribution in the
rim is established. There is carried out the comparison with the results obtained by the finite
element method.

Keywords: contact problem, asymptotic approximation, thin layer, incompressible ma-
terial, contact pressure, contact shear stress, stress tensor intensity.



Ko3zea, A. I'. TepmocunoBoii U3rud yrpyroi TpexcIOWHOW IUIACTHHBI, CBOOOAHO JIe-
Kaiel Ha ocHoBanuu mactepraka / A. T'. Kosen / Mexanuka. VccienoBaHus ¥ HHHOBa-
muu. — 2023. — Bem. 16. — C. 86-99.

A. I KO3EJI
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TEPMOCHJIOBOMN W3rub VIIPYT'OHM TPEXCJIOMHOM IIACTAHBI,
CBOBOJIHO JIEXKAIIEN HA OCHOBAHWH ITACTEPHAKA

HcenenoBaH TEpMOCHIIOBOM M3THO YIIPYroM TPEXCIIOWHON KPYTrOBOH IUIACTHHBI, CBOOOIHO
JeXamield Ha yrpyroM OCHOBAaHWHM, paboTa KOTOPOro OIvcChIBaeTcs Mojenbio Ilacrephaxa. [le-
(opMHpOBaHKE HECYIIUX CIIOEB TPOMCXOUT B COOTBETCTBUHM C THIoTe3aMu Kupxroda, ierkoro
OTHOCHTEIIHHO TOJICTOTO 3aIloHATENS — ¢ THroTe30i Tumornrenko. Ha koHType IiacTuHEI ycra-
HOBJIEHa JecTkas nuadparma. KpaeBast 3amava cBOIUTCS K ONpPEIETICHHIO MPOruda IUIaCTHHEL,
PaJIMTEHOTO TIepeMEILEHNsT CPEIMHHON TUIOCKOCTH 3aITOTHUTEIIS OTHOCHTEIIBHOTO CIBHTa B HEM
1 OCaJIKV OCHOBAHWS 3a TIpefieniamMu IuiacTrsbl. [lomydeHo pemmenne muddepeHImaisHoro ypas-
HEHWS YeTBEPTOro Topsiaka st poruba B pyHKIWsIX beccerst, uepe3 KOTopbIii BRIpaKEHbI OTHO-
CHTEIBHBIH C/IBUT" B 3aITOJTHUTENIE U PaIHaIbHOE IepeMeliieHue. YacTHOe aHATUTHYECKOe PellieHHe
CHCTEMBI YPaBHEHUI PaBHOBECHS! NPH MPOM3BOJIGHON OCECHMMETPUYHON HAarpy3Ke TONydYeHO C
niomoIpo sipa Korm. OnperienieHs! COOTBETCTBYIOIINE TPAHHYHBIM YCIIOBUSIM KOHCTaHTHI MHTe-
TPUPOBAHMSI YISl CITydasl TPOW3BOJIBHOW OCECHMMETPHYHOM Harpy3ku. [IpoBeneHo ducieHHOe
HCCIIeIOBaHKE 3aBUCHMOCTH IIPOTHOa U 0CAJIKH OCHOBAHHMS OT €70 MEXaHNYECKHX XapaKTePHCTHK.

KimroueBble cj10Ba: TPexcioiHas IUIACTHHA, TEPMOYIIPYrocTh, ocHoBaHue [lacTepHaka, ocan-
Ka OCHOBaHWs, OCECUMMETPUYHAS Harpys3Ka, sipo Komm.

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

THERMAL-FORCE BENDING OF AN ELASTIC THREE-LAYER PLATE
FREELY LYING ON THE PASTERNAK FOUNDATION

There is investigated the thermal-force bending of an elastic three-layer circular plate lying
freely on an elastic base, the operation of the plate is described by the Pasternak model.
Deformation of the load-bearing layers occurs in accordance with the Kirchhoff's hypotheses, and
of light filler relative to the thick one — with the Timoshenko's hypothesis. A rigid diaphragm is
installed on the plate contour. The boundary value problem comes down to determining the plate
deflection, the radial movement of the middle plane of the filler, the relative shear in it, and the
drawdown of the base outside the plate. A solution to the fourth-order differential equation for
deflection in the Bessel functions is obtained, the relative shift in the filler and radial displacement
are expressed from it. A particular analytical solution to the system of equilibrium equations under
an arbitrary axisymmetric load is obtained using the Cauchy kernel. The integration constants
corresponding to the boundary conditions are determined for the case of an arbitrary axisymmetric
load. A numerical analysis of the deflection and base drawdown dependence on its mechanical
characteristics is carried out.

Keywords: three-layer plate, thermoelasticity, Pasternak foundation, foundation draw-
down, axisymmetric load, Cauchy kernel.
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SKCINIYATAHMOHHAS HAT'PY)KEHHOCTD
PE3EPBYAPOB JI5s1 BOJAbI IOKAPHBIX ABTOHUCTEPH

BelInosiHeH aHanu3 BIMSAHMS PEXXHMMOB M YCIOBHH AKCIUTyaTallMd MOXKapHBIX aBTOIM-
ctepH Ha maccd MA3-5337 u MA3-6317 Ha ypoBeHb HHEPLIMOHHBIX HAarpy3oK, JEHCTBY-
IOIUX Ha MX pe3epByapbl. Y CTAHOBICHBI AMANA30HbI YCKOPEHUH, BO3HUKAIOIINX B KOH-
CTPYKIMAX PE3EPBYAPOB T BOIBI 00beMOM 5, 8 M 10 M° TIpH pasNHMYHBIX PeXXUMAax JBH-
xeHus. [Toka3aHo, YTO MaKCHMAaJIbHbIE YCKOPEHHS HaOMIONAI0TCA B CIIydyae IBMXKCHHS IO-
JKapHBIX aBTOMOOIEH 1o rpyHTOBOH qopore kareropuu VI-6 co ckopoctsio 20-30 km/4.

KiroueBble cii0Ba: MOXXapHBIH aBTOMOOWIIb, Pe3epByap aBTOLMCTEPHBI, PEXXHM JIBU-
JKEHHUs, TaTYHK, yCKOPEHHE.

S. G. KOROTKEVICH?, V. A. KOVTUN?, V. A. LODNYA?

tUniversity of Civil Protection of the Ministry of Emergency Situations of the Republic of Bela-
rus, Minsk, Belarus

2Belarusian State University of Transport, Gomel, Belarus

OPERATIONAL LOADING OF FIRE TANKERS WATER RESERVOIR

An analysis of the influence of modes and operating conditions of fire tankers on the
MAZ-5337 and MAZ-6317 chassis on the level of inertial loads acting the tanks is carried
out. The ranges of accelerations that occur in the reservoirs of water tanks with a volume of
5, 8 and 10 m® under various driving modes are established. It is shown that maximal accel-
erations are observed when fire trucks move along a dirt road of category VI-b at a velocity
of 20-30 km/h.

Keywords: fire tankers, water reservoir, motion mode, sensor, acceleration.
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KOHEYHO-SJIEMEHTHOE MOJIEJINPOBAHUE BHIHY KIEHHBIX
KOJIEBAHUM COHIBUY-IIAHEJIEN

PaccmaTpuBaroTcsi BBIHY K/IEHHBIE KOJIEOAHMsI, COPOBOXKAAIOIINE TPAHCIIOPTUPOBKY ITa-
KeTa COHIBHY-TIAHeJIeHl B Ky30Be aBTOTPAHCIIOPTHOrO cpecTBa. [IpencraBieHsl 0COOCHHOCTH
TOCTPOEHUSI KOHEUHO-3JIEMEHTHOH MOJIEIH TTaKeTa COH/BHY-TIAHENeH B IPOrpaMMHOM KOM-
wrekce ANSYS. OnpeneneHbl 9acToThl COOCTBEHHBIX KOJIEOAHHI paccMaTpHBaeMoi CH-
cTeMBbl. BEImonHeH aHann3 BIWSIHUS YacTOTHI BBIHY)KHAIOIIETO0 KMHEMaTHIECKOTro BO3JIeii-
CTBVSI, BO3HMKAIOIIETO BCIIE/ICTBUE BEPTHUKAJIBHBIX KOJIEOAaHWH TPaHCIIOPTHOTO CPEICTBA,
Ha aMIDUIATY/IbI KOJIeOaHUH Pa3IMIHBIX TOUEK COHABNY-TIAHEICH.

KaroueBble ciioBa: COHZIBUY-TIAHEJIb, KOHEYHO-23JIEMEHTHOE MO/JICIMPOBAHUE, BBIHYX-
JCHHBIC KOJ'[e6aHI/IH, AMIUTUTYTHO-YaCTOTHAs XapaKTEPUCTHKA.

I. E. KRAKAVA, V. . TSYHANOK
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FINITE ELEMENT MODELING OF SANDWICH PANELS FORCED VIBRATIONS

The forced vibrations at the transportation of a package of sandwich panels in a vehicle
body are considered. The features of finite element model building for a sandwich panel
package in the ANSYS software package are presented. The natural oscillation frequencies
of the system under consideration are determined. There is performed an analysis of the
influence of the frequency of forcing kinematic action that is a result of vehicle vertical
vibrations on the vibration amplitudes of various points of the sandwich panels.

Keywords: sandwich panel, finite element modeling, forced vibrations, amplitude-
frequency characteristic.
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CBOBO/IHBIE KOJEBAHMA IATUCJIOMHOM KPYTOBOM IVIACTUHBI C
JIETKUMU 3AIIOJIHUTEISAIMUA

PaccmarpuBarorcs cBoOOIHBIE KOJIEOaHMs KPYroBOM MATHCIONHON IUIACTHHBI, CHM-
MeTpUYHON 1o TonmuHe. IIpennonaraercs, 4ro I TpeX TOHKHUX HECYLIUX CJIOEB CIpa-
BezmBEI rurote3bl Kupxroda. Onmcanme nedhopMHpOBaHUS OTHOCHTEIHHO TOJICTBIX 3a-
MIOJTHUTEJIEH OCYIIECTBILIETCS C IPUMEHEHUEM runoTe3bl THMOLIEHKO 0 MPAMOJUHEHHOCTH
U COXpaHEHWH JUIMHBI Ae(OPMHUPOBAHHON HOpMasM. YpaBHEHHs CBOOOIHBIX KOJEOaHMHA
TIOJTyYeHBI C TIOMOIIBIO BapHallMOHHOro MeTona Jlarpamxka. BeiBeneHbI popMyItsl IS BBI-
YUCIIEHHS] COOCTBEHHBIX YMCEI M YacTOT KOJeOaHMil U1 Cityydast 3a/1eJIKH KOHTYpa IIacTH-
Hbl. [IpoBeieH YHCIeHHbIH TapaMeTpUUeCKUil aHaIN3 YacTOT COOCTBEHHBIX KOIeOaHMH.

KiroueBble cj10Ba: IATHCIIONHAS TUIACTHHA KPYTJIoi GopMbl, CBOOOIHbIE KOeOaHHU,
COOCTBEHHBIE YaCTOTHI.
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FREE VIBRATIONS OF A FIVE-LAYER CIRCULAR PLATE
WITH LIGHTWEIGHT FILLERS

Free vibrations of a five-layer circular plate, symmetrical in thickness, are considered.
It is assumed that the Kirchhoff's hypotheses are valid for the three thin load-bearing layers.
The deformation of relatively thick fillers is described using Timoshenko's hypotheses on
straightness and conservation of the length of the deformed normal. The free vibrations
equations are obtained using Lagrange's variational method. The formulas are derived for
calculating the eigenvalues and oscillation frequencies for the case of the plate contour
fixing. A numerical parametric analysis of natural oscillation frequencies is carried out.

Keywords: five-layer circular plate, free vibrations, natural frequencies.
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HEYIIPYT'OE JE®OPMUPOBAHUE
CTYHEHYATOM KPYTOBOM COH/ABAY-ILIACTUHDI

HUccnemyercss oceCUMMETPHYHBIA M3THO KPYTOBOH HEYIPYrod TPEXCIOWHOW COHIBHY-
IJIACTUHBI CTYIIEHYaTO-NIEPEMEHHOM TOMIIMHBI. Marepransl IUIACTHHBI MPOSIBIIIOT HEYIpPY-
rue cBoicTBa. [lomydeHb! BRIpaKeHHs IepeMeIeH i 1 AeopMannii KOHCTPYKIMA METOIOM
ynpyrux pemenuii Mnsronmna. [IponsBenen YncaeHHbl aHamu3 1y1si KOHKPETHOM MIaCTHHBL.

KnioueBbie ciioBa: TpexcioiiHas IUIAaCTHHA, CTyIIEHYaTas TOJILIMHA HECYIMX CIIOEB,
YTIPYTOIUIACTUYHOCTb.
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INELASTIC DEFORMATION OF A STEP CIRCULAR SANDWICH PLATE

The axisymmetric bending of a circular inelastic three-layer sandwich plate of stepwise
variable thickness is investigated. The plate materials have inelastic properties. Expressions
for the displacements and deformations of the structure are obtained using Ilyushin’s meth-
od of elastic solutions. A numerical analysis for a specific plate is carried out.

Keywords: three-layer plate, stepped thickness of load-bearing layers, elastoplasticity.
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AHAJIN3 IBUKEHUS TIPOCTPAHCTBEHHBIX UCITIOJTHUTEJBHBIX
MEXAHU3MOB ITPU PABOTE B PA3JIMYHBIX CUCTEMAX OTCYHETA

[IpexcTaBieHsl anropUTMBI MONYYEHUS THHAMHYECKHX YpPaBHEHHH IBIDKCHHUS po0o-
TOB-MaHUITYJISITOPOB JUTS CITydaeB MX paboTHI B JeKapTOBOH, IMIMHAPUIECKOMN U cheprde-
CKO crucTemMax KoopanHaT. KOOpIMHATHBIM W MAaTPHIHBIM CHOCOOAMHM BBIBEJCHBI aHAIH-
THYECKHE BBIPAKEHMSI CKOPOCTH IIEHTpa CXBaTa TPEX3BEHHOTO po0O0Ta, MMEIOIIEro TpH
crenieHn ToABrkHOCTH. C Wcmonb3oBaHneM ypaBHeHud Jlarpamka |l poma momydeHsr
¢ pepeHIaTbHbIe YPaBHEHHUS IBHKEHHST PACCMOTPEHHBIX POCTPAHCTBEHHBIX UCIIOIHU-
TEJBHBIX MEXaHN3MOB B 000OIIEHHBIX KOOpINHATAX.

KiroueBble cj10Ba: UCTIOJTHUTEIIBHBIN MEXaHW3M, NI€KAPTOBbI KOOPAWHATLI, TMJIIMHAPHUYC-
CKHE KOOPAUHATHI, C(l)epI/ILIGCKI/Ie KOOpPJNHATBI, ZIH(l)(l)epeHLH/IaIlBHHC YpaBHEHUA NBUKCHUA.

A. V. LOKTIONOV
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ANALYSIS OF THE SPATIAL ACTUATORS MOTION
AT WORKING IN VARIOUS REFERENCE SYSTEMS

Algorithms for obtaining motion dynamic equations for robotic manipulators are pre-
sented for the cases of their operation in Cartesian, cylindrical and spherical coordinate
systems. On the base of the coordinate and matrix methods, the analytical expressions for
the grip center velocity for a three-link robot with three degrees of mobility are derived.
Using Lagrange equations of the second kind, motion differential equations for the consid-
ered spatial actuators in generalized coordinates are obtained.

Keywords: actuating mechanism, Cartesian coordinates, cylindrical coordinates, spher-
ical coordinates, motion differential equations.

Keywords: five-layer circular plate, elasticity, vibrations, equations of motion.
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OINNPEJEJEHUE KHHEMATHYECKUX ITAPAMETPOB IIEHTPA CXBATA
MPOMBIIIJIEHHOI'O POBOTA IRB 1400

PaccmarprBaeTcss KUNHEMAaTHYECKUM aHAJIN3 MHOTO3BEHHOIO IIPOCTPAHCTBEHHOI'O pa3o-
MKHYTOTO IIapHUPHOTO MeXaHW3Ma INpoMsinuieHHoro pobora IRB 1400. INpencrasieHs!
MaTeMaTHYECKHE COOTHOILECHHUS, TO3BOJIIONINE OCYILECTBUTh MaTPUYHBIM METOJIOM OIIpe-
JIeJICHHe CKOPOCTH M YCKOPEHHMs LIeHTpa CXBaTra poOoTa B HEMOABIKHOM M TOABH)KHBIX
CUCTEMaxX KOOpAMHAT.

KuroueBbie caoBa: po6ot IRB 1400, maTpuuHbIi CrOCO0, IIEHTP CXBaTa, MOJBIKHAS
cHCTEMA OTCUETA.

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

KINEMATIC PARAMETERS DETERMINATION
FOR THE INDUSTRIAL ROBOT IRB 1400 GRIPPER CENTER

The kinematic analysis of the multi-link spatial open articulated mechanism of the in-
dustrial robot IRB 1400 is considered. Mathematical relationships are presented that allow
the matrix method to determine the speed and acceleration of the robot's gripping center in
fixed and moving coordinate systems.

Keywords: IRB 1400 robot, matrix method, gripper center, moving reference system.
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KOHEYHO-2JIEMEHTHOE MOJIEJIMPOBAHME
JE®OPMUPOBAHUSA PAMHOU KOHCTPYKIINU
BAT'OHA CHEI'OYBOPOYHOI'O NOE3JA CM-2

Pa3paboTaHbl reOMETpUYEcKasl U KOHCUHO-IJIEMEHTHAs MOJEIH PaMHON KOHCTPYKIMH
KOHIICBOT'O BaroHa cHeroybopoutoro rnoesia CM-2 B cpejie porpaMMHbBIX KoMILiekcoB Creo
Parametric 1 ANSYS Workbench. TIpoBeneH pacuer HanpshkeHHO-Ae(HOPMHUPOBAHHOTO CO-
CTOSIHHSL KOHCTPYKIHH OT JCHCTBHS CHJI TSDKECTH. BBITIONHEHO CpaBHEHHE PE3yJbTaTOB
pacueToB, MOMyYCHHBIX C IPUMEHEHHUEM Pa3HBIX MPOrPaMM.

KitroueBble ciioBa: cHeroyOOpOYHBIN 1O€3/], KOHIIEBOHM IOJTYBAaroH, METOJ KOHEYHBIX
JJIEMEHTOB, CTATUYECKHUI pacyerT.

K. V. MAKSIMCHYK, A. O. SHIMANOVSKY
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FINITE ELEMENT MODELING OF THE FRAME STRUCTURE DEFORMATION
FOR THE SM-2 SNOW REMOVAL TRAIN CAR

Geometric and finite element models of the frame structure of the SM-2 snow removal
train end car are developed in the environment of the Creo Parametric and ANSY'S Work-
bench software systems. The stress-strain state calculation for the structure under the action
of gravity is carried out. A comparison of the calculation results obtained using different
programs is performed.

Keywords: snow removal train, end gondola car, finite element method, static
computation.
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HCCJIEJOBAHUE HAJIEXKHOCTH Y3JIA KAPKACHOM KOHCTPYKIIUA
CPEJACTBAMMU ITPOI'PAMMHOI'O KOMIIVIEKCA ANSYS

Hccnemyercst HaeKHOCT OOJITOBBIX COSAMHEHHMIT Yepe3 HaKIa K IBYX OJMHAKOBBIX
npoduieil B popMe IBYTaBpOB U TaBPOB. Pa3paboTaHbl KOHEUHO-JIEMEHTHBIE MOJICIIH B
cpene ANSYS Workbench. BeinonHeH aHaiu3 ycTaJoCTHON MPOYHOCTH pacCMaTPHUBAEMbIX
COCJIMHCHUI B 3aBUCHMOCTH OT HPHIIOKEHHOM HAIPY3KH.

KiroueBble ci10Ba: coeiHEHHE BYTaBPOBBIX NPO(GUIIEH, COeIMHEHIE TaBPOBBIX
npoduieii, HanpsHKeHHO-1e)OPMUPOBAHHOE COCTOSIHUE, YCTAJIOCTHAS IPOYHOCT.
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1The University of Civil Protection of the Ministry for Emergency Situations of Belarus,
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INVESTIGATION OF A FRAME STRUCTURE RELIABILITY
BY ANSYS SOFTWARE

The reliability of bolted connections through linings of two identical profiles in the
form of I-beams and T-beams is investigated. The finite element models are developed in
ANSY'S Workbench. An analysis of the fatigue strength of the joints under consideration
depending on the applied load is carried out.

Keywords: I-profiles connection, T-profiles connection, stress-strain state, fatigue
strength.
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ABTOMATH3UPOBAHHbIN MATHUTOIIOPOLIKOBBIA KOHTPO.Ib
KOJIECHBIX ITIAP C HCITIOJIb3OBAHUEM .
CUCTEM BUJEOHABJIIOJJEHUSA 1 HEUPOCETEBBIX TEXHOJIOI'MU

OnwceIBaeTCsl TEXHOJIOTUSI aBTOMAaTHYECKOH MarHUTOMOPOIIKOBOH JIe(peKTOCKOIHH KO-
JIECHBIX Tap TOJBMKHOIO COCTaBa JKEJIE3HBIX JOPOT € HCIOIb30BAHHEM CHCTEM BHIEOHA-
OmrofieHNs U MAaIIMHHOTO 3peHus. B KadecTBe cpejcTBa Hepa3pyIIAIOLIEro KOHTPOIS pac-
cMmarpuBaeTcst pa3paboTanHbrif Maket crenaa CMIKII-02.

Ki1roueBble cji0Ba: KojecHas Iapa, LEeIbHOKATaHOE KOJIECO, MarHUTONOPOIIKOBBIN KOH-
TpOJIb, BUJIEOCUCTEMA, HEWpOCETeBble TEXHOJOTUH, JFOMUHECIIEHTHBIII METOJ, aBTOMATU3a-
LML,

A. G. OTOKA, O. V. KHOLODILQV, P. A. DASHUK
Belarusian State University of Transport, Gomel, Belarus

THE TECHNOLOGY OF AUTOMATED MAGNETIC POWDER CONTROL
OF WHEELSETS USING VIDEO SURVEILLANCE SYSTEMS
AND NEURAL NETWORK TECHNOLOGIES

The technology of automatic magnetic particle flaw detection of railway rolling stock
wheelsets using video surveillance and machine vision systems is described. The developed
model of the SMDKP-02 stand is considered as a mean of non-destructive control.

Keywords: wheelset, solid-rolled wheel, magnetic particle control, video system, neu-
ral network technologies, luminescent method, automatization.
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NEPEJIB2KHASI CYCHEH3MOHHAS CHCTEMA C PEII[/IPKYJIHIUII/IEﬁ
JJISI MATHUTOITIOPOIIKOBOU JE®EKTOCKOIINU JETAJIEU BATOHOB U
JOKOMOTHUBOB

OO6OCHOBBIBAETCS 11€7IECO00OPA3HOCTh NPUMEHEHHS] MOOWIBHON HACOCHOW CTaHIWH
COBMECTHO C CHCTEMOW PEIHPKYJISIIHA MarHUTHOH CYCIICH3HH MPH MarHHTOMOPOIIKOBOM
KOHTPOJIC Pa3JIMYHBIX JieTajeii B BATOHHOM M JIOKOMOTHBHOM XO3siiCTBE. AHAIM3UpYeTCs
9KOHOMHYECKast 3P (HEKTHBHOCTH HCIIOIb30BAHUSI HACOCHOW CTAHIMH B CPABHEHHH C HaHe-
CCHHEM MAarHUTHOW CYCIIEH3HH METOJOM PACHbLJICHUS U MOJIUBA U3 EMKOCTH JUIS OT/EINb-
HBIX 0OBEKTOB KOHTPOJISL.

KarueBble cjoBa: CYCIICH3Us, HAaCOCHAasl CTaHIMA, CUCTEMa PEHUPKYJIALNH, ACTaIN
BaroHoB 1 JIOKOMOTHBOB, MaFHPITOHOpOHJKOBBIﬁ KOHTPOJIb, MarHUTHBIA HWHJAUKATOop.

A. G. OTOKA!, O. V. KHOLODILOVY, L. D. CHEPIK?
Belarusian State University of Transport, Gomel, Belarus
2 Design and Technical Center of the Belarusian Railway, Minsk, Belarus

MOBILE SUSPENSION SYSTEM WITH RECIRCULATION
FOR MAGNETIC POWDER DEFECTOSCOPY
OF WAGON AND LOCOMOTIVE PARTS

There is substantiated the feasibility of using a mobile pumping station both with a
magnetic suspension recirculation system for magnetic particle testing of various parts in
the car and locomotive facilities. The economic efficiency of using a pumping station is
analyzed in comparison with applying a magnetic suspension by spraying and watering
from a container for individual control objects.

Keywords: suspension, pumping station, recirculation system, parts of carriages and
locomotives, magnetic particle testing, magnetic indicator.



Mynaués, J. C. CouwleHeHHBII CHEro0OI0TOX0 Ha 0a3e OTCUECTBEHHBIX Y3IIOB U ar-
peraros / JI. C. Ilynaués, . J. Kymuaun4, H. A. IMuaayk, A. H. Casunkuit, M. B. Bonot-
HuKOBa // Mexannka. MccienoBanust u uaHOBamu. — 2023. — Beim. 16. — C. 167-177.

JI. C. IIVITAYEB, JT. 1. KYJIMHAY, H. A. THHYYK, A. H. CABUIIKHH,
M. B. FOJIOTHHUKOBA
Benopyccruii eocyoapemeennutii ynusepcumem mpancnopma, I omens, benapyco

COYWJIEHEHHBIIA CHEI'OBOJIOTOXO/I HA BA3E
OTEYECTBEHHBIX Y3JIOB U ATPEI'ATOB

AHaTM3UPYETCS BO3MOXKHOCTD Pa3pabOTKH M BHEAPSHWS B IPOM3BOZICTBO IBYX3BEHHOTO
COWIECHEHHOTO TYCEHHYHOTO CHEro00JI0TOX0/1a ¢ BEICOKMM YPOBHEM JIOKAIM3ALMM M BKITFOYA-
JOLIETO y’Ke IPOM3BOJMMBIX Ha OTCUECTBEHHBIX NPEANPUATHIX Y3II0B U arperatos. IIpemioxe-
Ha KOMITOHOBKA MaIlIMHBI, BHIMOJHEHHASI B cUcTeMe TpexmepHoro npoektrpoBanuss KOMITAC
3D.

KitroueBble ciioBa: CHEro00JIOTOXO]] JBYX3BEHHBIN I'yCceHHUHBIH, 3D-Moenb, KoMIto-
HOBOYHAsI CXeMa.

D. S. PUPACHOQU, D. D. KULINICH, N. A. PINCHUK, 4. N. SAVITSKY, M. V. BOLOTNIKOVA
Belarusian State University of Transport, Gomel, Belarus

ARTICULATE SNOW AND SWAMPSH VEHICLE BASED ON DOMESTIC
UNITS AND COMPONENTS

The possibility of developing and introducing into production a two-link articulated
tracked snow and swamp-going vehicle with a high level of localization made of units and
components produced at domestic enterprises is analyzed. There is proposed a model of the
vehicle, created in the KOMPAS 3D three-dimensional design system.

Keywords: two-link caterpillar snow and swamp vehicle, 3D model, layout diagram.



Pycos, J. I1. HaxoxeHHe 0OCTaTOYHOTO pecypca paMbl TENEKKH mu3enb-moesna JIPB1 /
. IL Pycos, A. O. [llnmanosckuii / Mexanuka. ccnenopanus n nHHOBarmu. — 2023. —
Bem. 16. - C. 178-188.

JI. IT. PYCOB, A. O. LHIMMAHOBCKHH
Benopyccruii eocyoapemeennutii ynusepcumem mpancnopma, I omens, benapyco

HAXOKJEHUE OCTATOYHOT'O PECYPCA PAMBI TEJIEJKKH JU3EJIb-
MOE3/IA IPB1

Pa3paboransl reomMerpuuecKas MOJETb PaMbl TEJIEKKH IIPULIEIHOTO BAaroHa JHU3elb-
noe3na JIPB1 co cpokom skcrumyaranmu 43 roga B cpeze nporpammel Autodesk Inventor n
Ha ee OCHOBE KOHEYHO-3/IeMeHTHas Mozenb B cpege ANSYS Workbench. ITomydenst pac-
npeJieTIeHNs HalpsDKeHUH U JeopMaliii B KOHCTPYKIMU O/ ICHCTBHEM CTATHYECKHX U
JMHAMHYECKHUX HArpy30K, aHAJIOTHYHBIX HCIBITATEIIBHBIM, KOTOPbIE JOCTATOYHO XOPOILIO
COOTBETCTBYIOT pe3yJibTaTaM dKcIepuMeHTOB. Ha ocHOBe pacderHo-3KCrepHMEeHTalIbHOM
OLICHKH BBISIBJICHO, YTO paMa TEJISKKHM pacCMaTpUBAaeMOro INPHULIEITHOrO BaroHa obnazaer
OCTaTOYHBIM pecypcoM He MeHee 19 net.

KarueBble cjoBa: JU3ECIIb-TI0C3 1, HpHHeHHOﬁ BaroH, pama TEJIC)KKH, KOHEYHO-
OJICMCHTHaA MO/JCIIb, OCTaTOYHBII pecypc.

D. P. RUSOV, A. O. SHIMANOVSKY
Belarusian State University of Transport, Gomel, Belarus

DETERMINATION OF THE DIESEL TRAIN DRB1 BOARD FRAME
REMAINING RESOURCE

A bogie frame geometric model for a diesel train DRBL1 trailed car with a service life of
43 years is developed in the Autodesk Inventor environment and a finite element model in
the ANSYS Workbench environment is created on its base. The distributions of stresses
and deformations in the structure under the influence of static and dynamic loads, similar to
the test ones, are obtained and correspond quite well to the experimental results. Based on a
computational and experimental assessment, it is revealed that the considered trailed car
bogie frame has a residual resource of at least 19 years.

Keywords: diesel train, trailer car, bogie frame, finite element model, residual life.



CrapooiiTos, J. U. V3ru6 TpexciaoifHo! IIaCTHHEI B TEMIIEPaTypPHOM I10JIe MOMEHT-
Hoit Harpysko#t / J. U. Craposoiiros, A. B. SIpoBas, A. A6xycarrapos // Mexauuka. Hc-
cienoBanus ¥ nHHOBanuy. — 2023. — Beim. 16. — C. 189-195.

3. M. CTAPOBOHTOB, A. B. APOBAA", A. ABITYCATTAPOB?

Benopyccruii 2ocyoapcmeennviii ynusepcumem mpancnopma, Iomenv, Benapyce
2Tawkenmckuii 20cyoapcmeennviil mpanchopmuwiil yuusepcumen, Tawkenm, Y3bexucman

M3I'AB TPEXCJOMHOM ILIACTUHBI B TEMIIEPATYPHOM I1OJIE MO-
MEHTHOM HATPY3KOI

Pemrena 3amaua TepMOynpyroctu o0 OCECHMMETPHYHOM H3rHOe KPYroBOH TpeXcIoii-
HOM TUTACTHHBI M3TMOAIONMMH MOMEHTaMH, TPHIIOKEHHBIMA BIONb OKPY>KHOCTH K BEpX-
HeMy HecymieMy ciioto. [lehopMupoBaHue CI0€B IPOUCXOIUT B COOTBETCTBUH C THITOTE30
JIOMaHOW JTMHUH. [IJ11 aHAIUTHYECKOTO PEIICHNS KPAeBOM 3aJ1aud MCIIOIh30BaHO U3BECTHOE
pelieHye st TToI00HOH TUIACTHHBI, Harpy)KeHHOH OCECHMMETPHYHOH MOTOHHOM Toreped-
HOH cwnoit. [IpoBeneHa ynciieHHas anpo0Oamys pelleHus], BBIIOIHEH aHAIN3 BIUSHUS pa-
JIMyca CUIIOBOW OKPY>KHOCTH M TEMIIEPATyphl Ha MEPeMEIIeHHUS TUIaCTHHBI.

KmioueBbie cioBa: TpexcioiiHas Kpyrosas IUIACTMHA, MOMEHTHAsl Harpyska, TEPMO-
YTIPYTOCTb, AaHATUTHYECKOE PELICHHE.

E. I. STAROVOITOV?, A. V. YAROVAYA!, A. ABDUSATTAROV?
1Belarusian State University of Transport, Gomel, Belarus
2Tashkent State Transport University, Tashkent, Uzbekistan

BENDING OF A THREE-LAYER PLATE BY A TORQUE LOAD
IN THE TEMPERATURE FIELD

The thermoelasticity problem of a circular three-layer plate axisymmetric bending by
bending moments applied along the circumference to the upper load-bearing layer is solved.
Deformation of layers occurs in accordance with the broken line hypothesis. For an analytical
solution of the boundary value problem, a well-known solution for a similar plate loaded with
an axisymmetric linear transverse force is used. The solution is numerically tested and the
influence of the force circle radius and temperature on the plate displacement is analyzed.

Keywords: three-layer circular plate, moment load, thermo-elasticity, analytical solution.



Taneukunii, B. B. [TocneacTeust ommbOK MPOEKTUPOBAHUS MOKPBITHS OJIHOITAKHOTO
MPOMBILIJIEHHOrO 371aHust B mojiHoM kapkace / B. B. Tanenkuii / Mexanuka. Hccnenosa-
Hust 1 uHHOBamn. — 2023. — Beim. 16. — C. 196-200.

B. B. TAJIEIJKHH
Benopyccruii eocyoapemeennutii ynusepcumem mpancnopma, I omens, benapyco

MHNOCJIEACTBUS OIIUBOK MPOEKTUPOBAHUS
MHNOKPBITUS OJHODTAKHOI'O ITPOMBIIIJIEHHOI'O 3JAHUS B IOJIHOM
KAPKACE

B pe3yibpTaTe ACTAIIBHOTO OGCJ’IG)IOB&HPIH YCTaHOBJICHA IIpUYNHA 06pa30BaHI/Iﬂ CKBO3-
HbIX HAKJIOHHBIX TPCIIWH B OHOpHOﬁ YacTu CTPOIMUIBHBIX PEIICTYATBIX 6an01<, npeHa3Ha-
YCHHBIX IJIA IOKPBITHUA OJHOSTAXXKHOI'O IMMPOMBIIUICHHOI'O 3/IaHKs B ITOJIHOM KapKace. Hpez[-
JIOXKCHBI pEKOMEHAANU T UX YCTPaHCHHUS.

KiroueBbie ciioBa: crponmibpHas pemrerdaTas Oajka, y3eal CONpsDKEHHS Oalok ¢ Ko-
JIOHHOM, TPEIIMHBI B OaJKax.

V. V. TALETSKI
Belarusian State University of Transport, Gomel, Belarus

CONSEQUENCES OF ERRORS IN DESIGNING THE FULL FRAME COVERING
OF A SINGLE-STOREY INDUSTRIAL BUILDING

A detailed examination established the cause of the formation of through inclined
cracks in the supporting part of the rafter lattice beams for covering a one-storey industrial
building in a full frame. There are proposed the recommendations for their repairing.

Keywords: rafter lattice beam, joint between beams and column, cracks in beams.



Komnarnsiii, /I. B. M3yyeHue NpuHIUIOB PEryJIUpOBaHUSI B Kypce «TE€OPETHUECKHE
OCHOBBI aBTOMATHKH M TeJIEeMEXaHUKM» Ha 0a3e MexaHmdeckux peryistopos / JI. B. Kom-
HaTHbIH // Mexanuka. MccnenoBauus u uaHoBaruu. — 2023. — Beimn. 16. — C. 201-206.

JI. B. KOMHATHBIH
Tomenvckuii cocyoapcmeennwiii mexnuyeckutl yuugepcumem um. I1. O. Cyxoeo, 'omens,
benapyco

HN3YYEHUE MPUHIUIIOB PEI'YJIMPOBAHUSA B KYPCE « TEOPETUYECKHUE
OCHOBBbI ABTOMATHUKU U TEJJEMEXAHUKN» HA BASE MEXAHUYECKHUX
PEI'YJISITOPOB

PaccmarpuBaeTcss M3ydeHHE OCHOB TEOPHH ABTOMATHYECKOTO DETYIMPOBAHUS IS
cnenuanbHOCTH  «CHcTeMbl oOecriedeHuss IBIDKEHHs moe3noBy». [Ipemmaraercss mpu
W3y4YeHNUH HAYaJbHOTO pa3feNna TEOPHH aBTOMAaTHYECKOTO YIPAaBIEHHS paccMaTpHBaTh
KJIaCCHUYECKUEe MeXaHuuyeckue peryiarops! IlonsyHoBa — Yarra u Uukonesa — IloHcerne.
[lpuBeneH HOCTYNHBIM Ui CTY/ACHTOB BBIBOJ YpPaBHEHHH HX JIBIDKCHHUS, KOTOpbIE
MO3BOJIIIOT YCTAHOBUTH OCOOCHHOCTH JMHAMHKH, OKa3bIBAIOIME BIMSHHE Ha IPOIECC
perynupoBanusi. [lokazaHo, 4TO NpeyIaraeMblii MaTeprai He IIPOTUBOPEUYUT UMEIOIIEMYCS
HBIHE TIO/IX0/ly Ha 0a3e W3y4eHHs MPOCTHIX CUCTEM YIIPaBIICHHS ABUTATEISIMH TIOCTOSTHHOTO
TOKa.

KaroueBble ci10Ba: IMOArOTOBKA  CNELMAINCTOB, TEOPUS  aBTOMAaTHYECKOTO
yIpaBlIeHHUs, NPUHLMIbBI PErYJIHPOBAHUS, MEXaHHYECKHE DEryJATOpbl, JUHAMHYECKUE
ypaBHEHHSL.

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

STUDYING THE PRINCIPLES OF REGULATION

IN THE "THEORETICAL FOUNDATIONS

OF AUTOMATION AND TELEMECHANICS" COURSE
BASED ON MECHANICAL REGULATORS

The study of the fundamentals of the theory of automatic control for the specialty "Train
traffic support systems" is considered. It is proposed that when studying the initial section of
the theory of automatic control, we consider the classical mechanical regulators of Polzunov —
Watt and Chikolev — Poncelet. A derivation of the equations of their motion, accessible to
students, is presented, which makes it possible to establish the features of the dynamics that
influence the regulation process. It is shown that the proposed material does not contradict the
currently available approach based on the study of simple control systems for DC motors.

Keywords: training of specialists, automatic control theory, principles of regulation,
mechanical regulators, dynamic equations.



®omenko, C. A. CocraBieHne ypaBHCHHH ABIDKSHUS U1 HEKOTOPBIX 3a/ad HelNMHeH-
HOM MeXaHWKW ¥ NpuMeHenue Metona ananoruii / C. A. ®omenko / Mexanuka. Mccieo-
BaHus ¥ nHHOBaMu. — 2023. — Beim. 16. — C. 207-216.

C. A. ®OMEHKO
Jlonbacckas nayuonanvHas akademusi cmpoumenbcmsa u apxumexkmypul, Maxeeska

COCTABJIEHUE YPABHEHUW JBUKEHMSA /151 HEKOTOPBIX 3AIAY
HE/MHEWHOU MEXAHUKU U TIPUMEHEHUE METOJA AHAJIOT'MA

HpI/I PEIICHMH MHOT'UX 3aJa4 B pa3JIMYHBbIX 00J1aCTAX TEXHUKH B HEJIMHEHHOW IMOCTa-
HOBKEC BO3HHUKACT HGOGXO)II/IMOCTI: COCTaBJICHUA ypaBHeHI/Iﬁ JBWKCHUA. CyHIeCTByIO’T pas-
JINYHBIE CITOCOOBI COCTABJICHHUS ATHX HEITMHEHHBIX ypaBHeHHﬁ. HeJ’IL I[aHHOﬁ CTaTbu —
NpeaACTaBUTb METOAUKY COCTAaBJICHUA HEJTMHEHHBIX ypaBHeHI/Iﬁ JBHKCHUA MCXaHUYCCKUX
CHCTEM, OCHOBAaHHYIO Ha METOC aHaJIOTHH.

KiroueBble cjioBa: HeTMHEITHAS MCXaHHWKa, METOQ aHaJ'IOFPIﬁ, HEJIMHCWHBIC YpaBHCHUSA
JABUKCHUS.

S. A. FOMENKO
Donbas National Academy of Civil Engineering and Architecture, Makeevka

MOTION EQUATIONS FORMULATION
FOR SOME PROBLEMS OF NONLINEAR MECHANICS
AND APPLICATION OF ANALOGIES METHOD

The need to compile motion equations appears at solving many problems in various
fields of technology in a nonlinear formulation. There are various ways to write these non-
linear equations. The purpose of this paper is to present a methodology for composing non-
linear motion equations for the mechanical systems, based on the method of analogies.

Keywords: nonlinear mechanics, method of analogies, nonlinear motion equations.
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MNPUMEHEHUME ITPOIT'PAMMHOI'O KOMIIJIEKCA ABAQUS IMPU U3YUYEHUN
OB ETEXHUYECKHUX JUCHUIIJIUH

IIpencraBneHbl OCHOBHBIE XapaKTEPUCTUKH, COCTAaB U aJTOPUTM MOJEIUPOBAHUS B IIPO-
rpamMmmHOM Komruiekce SIMULIA/Abaqus. PaccMoTpeHBI BOSMOXKHBIE TTYTH HCTIONB30BaHHS
porpaMMHOro Komiuiekca Abaqus rpu U3y4eHHH 00LIETeXHIIECKHX TUCIIHTLTHH.

KiaroueBble cjioBa: npenogaBaHUE, KOHCYHO-3JIEMEHTHOE MOACIINPOBAHUE, Abaqus.

0. S. CHAGANOVA
Belarusian State University of Transport, Gomel, Belarus

APPLICATION OF THE ABAQUS SOFTWARE
AT GENERAL TECHNICAL DISCIPLINES STUDYING

The main characteristics, composition and modeling algorithm of the SIM-
ULIA/Abaqus software package are presented. Possible ways of using the Abaqus software
package in the study of general technical disciplines are considered.

Keywords: teaching, finite element modeling, Abaqus.



