bapanenu, B. A. MaremaTtnueckoe MOJETUPOBAHUE OCENAHUS arpEerUpyIOIINX
MHKPOYACTHUIl CycrneH3uil BO BHemHeM none cwi / B. A. bapanen, O. M. [lanok,
H. H. Kusunosa // Mexanuka. ccnengoBanus n naHoBauu. — 2019. — Bein. 12. —
C. 5-15.

B. A. BAPAHEL]', O. M. JAI[OK®, H. H. KH31JIOBA'

1XapbKoecxm? HayuoHanouwli yHusepcumem um. B. H. Kapasuna, Xapvkos, Ykpauna
2Xapbkoecmw? HAYUOHANbHBIU MEXHUYECKUL YHUBepcumem paouodieKmponuru, XapbKoa,
Ykpauna

MATEMATHYECKOE MOJEJTUPOBAHUE OCEJAHMS AI'PEI'MPYIOLIAX
MHUKPOYACTHULl CYCHHEH3MHU BO BHEIIHEM ITIOJIE CHUJI

Hccnenyercs oceaHue arperupyroniMx MUKpPOUYACTHIl B CYCIIEH3MAX BO BHEIIHUX OAHOPOJ-
HBIX ¥ HEOJHOPOJHBIX IOJISAX Ha IPUMEPE CYCIEH3UH KPOBU. MICIIONIB3YyIOTCS pe3ynbTaThl IKCIIe-
PUMEHTOB IO OCEaHUIO SPUTPOLUTOB B Kanuiuripax [lanuenkosa (MexuuuHckuili Tect COJ) B
I'PaBUTAL[MIOHHOM II0JIE€ U B JIMHEMHOM I10 JUIMHE Kalujulgpa I0JIe CUJl, CO34aBaeMOM LIEHTpUdy-
roM, Juis ObICTPOM M HAJEXKHON NUArHOCTHKM HAJIWYMs aJIepruu Ha JIEKapCTBEHHBIN Ipenapar.
[Tokxa3zaHo, yTO aHanu3 ()a30BBIX KPUBBIX MO3BOJISIET 110 MHOTOYMCIEHHBIM 3aKOHOMEPHOCTSAM
pacroioXeHUss Ha HUX MAaKCUMyMOB MU MUHHUMYMOB HaJ€XHO AMAarHOCTUPOBATh HAIUYME WIN
OTCYTCTBUE aJUIEPTUu Ha IpenapaT. Ha ocHOBE MCIOJIB30BaHUS MOJEIM KPOBH KaK CYCIIEH3UU
arperupyromux 4acTULl IPOBEACH pacyeT CKOPOCTH arperanyy pyu HaJIU4Ud U OTCYTCTBHM all-
nepreHa. IlpencraBieHHbI NOAXOMA IMpeylaraeTcsl UCMOJIb30BaTh B pa3pabOTaHHOM aBTOpaMU
anmnapaTHO-IPOrPaMMHOM KOMILIEKCE Uil Heclenu(pUIeCKON JUarHOCTUKU 3a00JIeBaHUN U ycC-
HEIIHOCTH UX JICUECHMUS.

KuroueBble cj10Ba: MUKpPOYACTHUILIBI, arperaius, ocefanue, (pa3oBbie KPUBBIE, MEAUIIMHCKAS
JMAaTHOCTUKA, aJUIePTHS.

V. A. BARANETS', O. M. DATSOK?, N. N. KIZILOVA'
'V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
*Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

MATHEMATICAL MODELING OF SEDIMENTATION IN SUSPENSIONS
OF AGGREGATING MICROPARTICLES IN THE EXTERNAL FORCE FIELDS

The sedimentation of aggregating microparticles of suspensions in external uniform and non-
uniform fields is studied on the blood suspension. The results of experiments on the red blood
cells sedimentation in the Panchenkov capillaries (medical ESR test) in the gravitational field
and in the linear centrifugal force field along the capillary are used for quick and reliable diag-
nostics the drug allergy in the individual. It is shown that the analysis of phase curves provides
reliable diagnoses the presence or absence of an allergy to the drug(s) by the location of the
maxima and minima on the curves. Based on the continual model of blood as a suspension of
aggregating particles, the aggregation rate in the presence and absence of an allergen has been
calculated. The presented approach is proposed to be used in the hardware-software complex de-
veloped by the authors for non-specific diagnosis of diseases and the success of their treatment.



bausnen, /. A. ®pUKIMOHHBIN HAarpeB W pa3pylICHHUE FOBEIIMPHBIX MaTepHa-
noB nipu pacnunuBanuu / J[. A. bimsuen, [1. H. bornanosuyu // Mexanuka. Mccne-
noBanus U uHHoBaumu. — 2019. — Beim. 12. — C. 16-22.

. A. BJIM3HEL], 1I. H. bOIJIAHOBUY
benopycckuii cocyoapcmeennuiii ynusepcumem mpancnopma, I omens, berapyce

®PUKIIMOHHBIN HATPEB U PA3PYIHIEHUE IOBEJIMPHBIX MATEPUAJIOB IPU
PACIIMJIMBAHUU

[TpuBOaATCS dKCIIEpUMEHTANbHbIE JaHHbIE O (PPUKIMOHHOM B3aUMOJECHCTBUM OOKOBOM IO-
BEPXHOCTH PACIMIIOBOYHOIO JAMCKA M IOBEIUPHBIX KPUCTAILUIOB. IIoka3aHo, 4TO IpH IpeEBBbILLIE-
HUM JONYCTUMBIX Harpy3ok OOKOBas IMOBEPXHOCTb DPACIMIOBOYHOIO JUCKA COAEPIKUT CIIEIbI
yriepoja U NPU3HAKYU IJIACTUYECKOr0 OTTECHEHUS, a Ha IIOBEPXHOCTH Pacluiia KpUCTajuIa ajiMa-
3a 00pa3ylOTCs yCTaJIOCTHBIE TPEILUHBI.

KiioueBble ciioBa: anmas, rpaguTH3aius, TUCK, Harpy3Ka, pacliIMBaHKUe, TPEHUE, TeMIIe-
paTtypa, PpUKIIMOHHBINA KOHTAKT.

D. A. BLIZNETS, P. N. BOGDANOVICH
Belarusian State University of Transport, Gomel, Belarus

FRICTION HEATING AND DESTRUCTION OF JEWELERY MATERIALS WHEN
CUTTING

Experimental data on the frictional interaction of the lateral surface of the sawing disk and
jewelry crystals are presented. It is shown that when the permissible loads are exceeded, the side
surface of the sawing disk contains traces of carbon and signs of plastic displacement, and fa-
tigue cracks form on the surface of the diamond crystal.



Bocaxos, O. B. Tpenmna B 66TOHHOM MacCHBE O]l BHYTPEHHUM JaBJeHUEM /
C. B. bocakos, O. B. Ko3ynoBa // Mexanuka. MccienoBanuss u MHHOBAIUU. —
2019. — Bemm. 12. — C. 23-28.

C. B. FEOCAKOB', O. B. KO3VHOBA®
' Benopycckuii nayuonansnslii mexnuueckuti yuusepcumem, Munck, Berapyce
2Eezzopycc:cm? 2ocyoapcmeenHulil yHusepcumem mpancnopma, I'omens, berapyco

TPEINMHA B BETOHHOM MACCHBE 11O BHYTPEHHUM JABJIEHUEM

B pabote npuBoAsTCs pelIeHus ABYX 3aJad O IUIOCKUX TPELIMHAX MPsIMOYroJbHOM M MOIy-
KpyTJ10i ()OpMBI, HAXOASIIMXCSI Ha MOBEPXHOCTU MOJIYOrpaHUYEHHOIO0 OETOHHOI'O MaccuBa IOJ
JEeUCTBHEM BHYTPEHHEIO PaBHOMEPHOI'O AaBieHHUs. Pe3ynabTaThl MOJydeHbl HA OCHOBAaHMM CIIO-
coba b. H. )Kemoukuna. J{ns 3TOro 6€TOHHOE MOJYNPOCTPAHCTBO IMJIOCKOCTBIO, MapaslieIbHON
IUIOCKOCTH TpPELIMHbI, pa30uBaeTcs Ha JABa uyeTBepThIpocTpaHcTBa. IIpuBeneHsl rpaduku mis
pacnpezeneHs HOpMaJbHbIX HANpPsSKEHUM U COOTBETCTBYIOIIME UM KO3(DPUIMEHTHl NHTEHCHUB-
HOCTH HAIIPSKEHUH IO OCH CUMMETPUHU TPELIHH.

KuroueBble ciioBa: TpelinHa, MOIYIPOCTPAHCTBO, criocod YKeMoukuHa, 4eTBEPTHIPOCTPaH-
CTBO, KO3(D(PUIIMEHT NHTEHCUBHOCTH HAIPSKECHUH.

S. V. BOSAKOV', 0. V. KOZUNOVA®
'Belarusian National Technical University, Minsk, Belarus
*Belarusian State University of Transport, Gomel, Belarus

THE CRACK IN THE CONCRETE SOLID UNDER INTERNAL PRESSURE

The solutions of two problems of flat cracks of rectangular and semicircular shape, located
on the surface of a semi-unlimited concrete solid under the action of internal uniform pressure,
are given. The results are based on the method of B. N. Zhemochkin. For this, the concrete half-
space is divided into two quarters by a plane parallel to the plane of the crack. The graphs for the
distribution of normal stresses and the corresponding stress intensity factors along the symmetry
axis of the cracks are shown.



BacuiabeB, C. M. COBEpIICHCTBOBAHUE TMOJIBUKHBIX TYPHUKETHO-KPETEKHBIX
YCTPOMCTB C LIEJIbI0 YCTAHOBKM HAa COBPEMEHHBIE TUIIBI TPy30BBIX BaroHos / C. M.
Bacunbes, A. A. XKenesnskos, JI. I1. LlenkoBukoBa // Mexanuka. MccinegoBanus u
nHHoBauuu. — 2019. — Bemm. 12. — C. 29-34.

C. M. BACUJIBEB, A. A. JKEJIE3HAKOB, JI. 11. JEJIKOBUKOBA
benopycckuii 2ocyoapcmeennwiti ynugepcumem mpaucnopma, I omens, benapyce

COBEPHIEHCTBOBAHUE MOJABUKHBIX TYPHUKETHO-KPEINEXHBIX
YCTPOMCTB C IEJbIO YCTAHOBKH HA COBPEMEHHBIE THUIIBI I'PY30BBIX
BAT'OHOB

PaccmaTpuBaroTcss BO3MOXKHOCTH IPUMEHEHUS YHNPYIMX, I'DAaBUTAllMOHHBIX M KOMOMHHPO-
BaHHBIX TYPHUKETHO-KPEIEKHBIX YCTPONCTB I TPAHCIOPTUPOBKU [UIMHHOMEPHBIX TI'DY30B.
[TpuBOaATCS CBEAEHUS O COBPEMEHHBIX pa3pabOTKax BarOHOB C OCEBOI Harpys3koil 25 T u co-
BPEMEHHBIMH IOTJIOUIAOIIMMY allllapaTaMy MOBBILIEHHON YHEPrOEMKOCTH, a TaKXKE COUYJICHEH-
HBIX BarOHOB COEJMHEHHBIE MEXIY COOON MAapHUPHBIM Yy3710M. ONpenessitoTcs yTH COBEpPILEH-
CTBOBaHMsI KOHCTPYKLUI TYpPHUKETHO-KPEIEKHBIX YCTPOICTB C IeJbI0 00Jiee MOJIHOTO HUCIOMb-
30BaHMS OBBIIIEHHOW BMECTUMOCTH U TPY30I0JbEMHOCTH HOBBIX MOJEJIEH BarOHOB.

KiroueBble cioBa: JIMHHOMEPHBIH TPY3, TYPHUKETHO-KPEIEKHOE YCTPOMCTBO, COUJICHEH-
HBIE€ BaroHBbI.

S. M. VASILYEU, A. A. ZHELEZNYAKOV, L. P. TSELKOVIKOVA
Belarusian State University of Transport, Gomel, Belarus

IMPROVEMENT OF MOBILE TURNSTILE AND FASTENING DEVICES FOR THEIR
PLACEMENT ON THE MODERN TYPES OF CARGO CARS

The possibilities of using the elastic, gravitational and combined turnstile fastening de-vices
for the long loads transporting are considered. There is presented the current informa-tion on
modern railway car designs with an axial load of 25 ton-forces and modern absorb-ing devices of
the increased energy intensity, as well as articulated wagons jointed by a hinge node. The ways
of improving the design of turnstile fastening devices are determined in order to more fully usage
of the increased capacity and carrying capacity of new cars models.



Bopo:xyn, U. A. CpaBHeHue crocoOOB KperuieHus: TpyO OOJIbIIOro auamerpa
Ha TpaHcnopTHOM cpeacTtBe / U. A. Bopoxyn, 1. B. BopoOseB // Mexanuka. Uc-
cinenoBanus U nHHoBauu. — 2019. — Beim. 12. — C. 35-40.

U. A. BOPOXVH, U. B. BOPOFbEB
benopycckuii 2ocyoapcmeennwiti ynugepcumem mpaucnopma, I omens, benapyce

CPABHEHUE CIIOCOBOB KPEIVIEHUA TPYB BOJIBbIIOTO TUAMETPA
HA TPAHCITIOPTHOM CPEACTBE

PaccMmoTpens! 1Ba croco0a pa3MeleHHs M KpelyIeHus nakera TpyO Ha aBTOTPaHCIOPTHOM
cpeacrse. MeTojoM MaTeMaTHYecKOro MOJAEIUPOBAHUS MCCIEI0BAaHO BIMAHUE KO3(duuneHTa
KECTKOCTH B YNPYIHX 3JIEMEHTaX MPOJOJIBHOrO KpeIUleHHs MakeTa TpyO MpU TOPMOXKEHUM aB-
TOMOOWJISL HA BEJIMUMHY JUHAMUYECKUX CWII. JlaH CpaBHUTENIbHBIM aHAJIN3 AMHAMUYECKUX IOKa-
3aTelieil JKECTKOTro M YIpYyroro KperuieHus rnakera Tpyo Ha paMe aBTOTPAHCIIOPTHOTO CPEJICTBA.

KuroueBble cjioBa: nakeT TpyO, KpeIieHUE, CUIIbl, aBTOMOOMIIb, TOPMOKEHHE.

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

COMPARISON OF METHODS FOR FASTENING PIPES OF A LARGE DIAMETER
ON A VEHICLE

Two methods of placement and fastening of a pipe package on a vehicle are considered. The
method of mathematical modeling is used to investigate the influence of the stiffness coefficient
in the longitudinal fastening elastic elements of the pipe bundle at vehicle braking on the value
of the dynamic forces. A comparative analysis of the dynamic features of the rigid and elastic
fastening of the pipe package on the vehicle frame is given.



I'anai, 3. . KOMNO3UIIMOHHBIE TOPMO3HBIE KOJIOJKM CO BCTABKAMU W3 CIICILIH-
anbHOrO uyryna / 9. W. I'amai, I1. K. Pynos, E. O. I'anaii // Mexanuka. Hccneno-
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D. M. TAJIAH, I1. K. PYJIOB, E. 3. TAJIAW
Benopycckuii eocyoapcmeennulil ynusepcumem mparcnopma, I omens, berapyco

KOMIIO3UIIMOHHBIE TOPMO3HBIE KOJIOJAKHU CO BCTABKAMMU U3
CIIEHUAJIBHOT'O YYI'YHA

PaccMmaTpuBaroTCsi HEKOTOpBIE BOIPOCHI, CBSI3aHHBIE C PabOTOCHOCOOHOCTBIO TOPMO3HBIX
KOMIIO3UIIMOHHBIX KOJIOZOK CO BCTAaBKOM W3 uyryHa. IlpuBeneHsl KO3 (UIMEHTHl TPEHUS KOM-
MO3ULIMOHHON YaCTU KOJOJAKHU ¥ YyI'YHHON BCTaBKH, paCCYMTAHHbIE Ul AMAIla30Ha CKOPOCTEH, U
yA€IbHAas TOPMO3Hasi CHJA IIPU SKCTPEHHOM TOPMOXKECHHMH, IIOKAa3bIBAIOIIAs, YTO YyTryHHas
BCTaBKa HE OKa3bIBACT CYLIECTBEHHOI'O BIIMSHUS HA BEIMYUHY TOPMO3HOMN CHUJIBL.

KiiroueBble c10Ba: TOpMOXXEHUE, KOMITIO3UIIMOHHASI KOJIOJKA, Yyr'yHHasl BCTaBKa, HakaTue,
TOpMO3Has cuia, KOAG(UIUEHT TPEHHUS.

E. I. HALAL P. K. RUDAU, E. E. HALAI
Belarusian State University of Transport, Gomel, Belarus

COMPOSITE BRAKE PADS WITH SPECIAL CAST IRON INSERTS

Some issues related to the performance of brake composite pads with an insert of cast iron
are considered in the article. There are presented the friction coefficients of the pad composite
and the cast-iron insert calculated for the range of velocities; the specific braking force at emer-
gency braking shows that the cast-iron insert does not significantly affect the braking force
value.



I'pombiko, FO. B. Konebanus KoJbLIEBOM TPEeXCIOMHOW MIACTUHBI MPU HM-
nmysnbcHOM Bosaevictsuu / 0. B. I'pomeiko // Mexanuka. MccnenoBanus u MHHOBA-
muu. — 2019. — Beim. 12. — C. 48-52.

1O. B. TPOMbIKO
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KOJIEBAHHSI KOJIBIIEBOIN "1lPEXC.JIOI71HOI7I MJIACTHUHBI
P UMITYJIbCHOM BO3JEVCTBUU

PaccMoTpeHO QuHamMu4eckoe HarpyK€HuUe yIpyrol TPeXCIOMHOW KOJbLEBOM IUIACTUHBI,
MI'HOBEHHO IPUJIOKEHHON U MUMITYyJIbCHOW Harpy3kamu. IIpuHATO, UTO B TOHKMX HECYIIMX CIOAX
crpaBe/UIMBbI runoTe3bl Kupxroda; B HEC)KMMaeMOM IO TOJIIIMHE JIETKOM 3aIlOJIHUTENE BBITIOJ-
HseTCs runore3a THUMOIIEHKO. AHAIMTUUECKOE PEIICHUE 3a1a4i MOIYY€HO B BUJE PA3JIOKEHUS
B psill O coOcTBeHHBIM (yHKIMIM. [IpencraBnensl rpaduku 3aBUCUMOCTH MaKCHUMAaJIbHBIX MIPO-
riu0O0B IJIACTUHBI MPU PA3IMYHBIX IPAHUYHBIX YCJIOBUSAX B CJydyae MCHOBEHHO MPUJIOKEHHON Ha-
I'PY3KH U UMITYJIbCHOTO BO3JIEHCTBHUS.

KuroueBble ciioBa: TpexcioliHas KoJblieBasl IUIACTHHA, YIPYroCTh, COOCTBEHHBIE YACTOTHI,
MI'HOBEHHO NPWJIOKEHHAsl Harpy3ka, UMIyJIbCHOE BO3/IEiCTBHE.

Yu. V. GROMYKO
Belarusian State University of Transport, Gomel, Belarus

OSCILLATIONS OF THE ANNULAR THREE-LAYER PLATE AT AN IMPULSE
ACTION

There is considered the dynamic loading of an elastic three-layer annular plate under the ac-
tion of the instantly applied and pulsed loads. It is assumed that in the thin bearing layers, the
Kirchhoff's hypotheses hold true; in the lightweight filler incompressible along its thickness the
Timoshenko’s hypothesis is realized. The analytical solution of the problem is obtained in the
form of expansion in a series of eigenfunctions. The diagrams of the dependence of the plate
maximal deflections on the different boundary conditions for the cases of the instantaneous ap-
plied load and impulse action are presented.



KypasaeB, C. B. Meroauka pacuera mapamMeTpoB THOKHM TpyO Ha OCHOBE
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B. 1O. )KYPABJIEB, C. B. TUTEHKOB, E. B. ®AJIbKOBA, JI. I1. HA3APOBA, E. H ®UCEH-
KO

Cubupckuii 20cy0apcmeenHblli yHugepcumem HayKu u mexuono2uti um. akao. M. @. Pewemnesa,
2. Kpacnosapck, Poccus

METOJUKA PACYHETA ITAPAMETPOB I'MBKH TPYb HA OCHOBE DHEPT'ETH-
YECKUX [MIPUHIUIIOB

PaccmarpuBaroTcsi criocoObl TEXHOJIOTUYECKOTO TpoIiecca THOKU TPYOBI, OTIMCHIBAEMbIC pa3-
JTUYHBIMUA PACUETHBIMHM CXEMaMU C MpHUHATHEM psiga nomyuieHuil. [IpuBoaurcs cxema nedopmu-
pOBaHUs TMOMEPEYHOTO CeueHus TpyObl. PaccmarpuBaercss u3rud TpyoObl ¢ ydyeToMm AeGOopMHUPO-
BaHMS €€ CEYCHHS.

KiroueBsblie cioBa: nedopmanus, HanpsDKCHHs, YHEPTreTHYECKUE TPUHIIMIBI, THOKa TpYoO,
H3ru0aromi MOMEHT.

V. Yu. ZHURALEV, S. V. TITENKOV, E. V. FALKOVA, L. P. NAZAROVA, E. N. FISENKO
Reshetnev Siberian State University of Science and Technology, Krasnoyarsk
METHODS OF PIPE BENDING PARAMETERS CALCULATION ON THE ENERGY
PRINCIPLES BASIS

The article deals with the methods of technological pipe bending described by different de-
sign schemes with a number of assumptions. The scheme of pipe’s cross-section deformation is
given. The bending of the pipe with a deformable section is considered.



Kypasiaes, C. B. Oco6eHHoCTH Tpoiiecca BHIBOPAUMBAHUS IMIMHAPUYECKUX
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OCOBEHHOCTH ITPOLECCA BbBIBOPAYUBAHUA NIWINHAPUYECKUX JUA-
®PATIM-PA3JIEJUTEJEN TOILUIMBHBIX BAKOB

PaccmarpuBaerca MareMarnyeckas MOAEINb IPOLECCa BEIBOPAUYNBAHNS METAJUIMYECKOIO pas3-
JeTUTeNs TOIUIMBHOIO Oaka KOCMHYECKOro JieTaTenbHoro ammapara. IIpencraBieH pesynbrar
UCCJICJIOBAHUS YCTOMYMBOCTH BBIBOPAUMBAIOIIMXCS LWIMHAPUYECKUX IuadparM-pasjenureneii
TOIJIMBHBIX 0AKOB KOCMMYECKHX allapaToB Ha OCHOBE MCIIOJIb30BaHMs YHEPreTHUECKOrO MPHUH-
LU,

KiroueBble cjioBa: mporecc BbIBOPAYMBAHHUS, YCTOMYMBOCTh BHIBOPAYUBAHUS, TOTUTUBHBIN
Oak, nedopmarus.

V. Yu. ZHURALEV, E. V. FALKOVA, L. P. NAZAROVA, E. N. FISENKO
Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia

PARTICULARITIES OF THE REVERSING OF CYLINDRICAL DIAPHRAGMS-
SEPARATORS OF FUEL TANKS

In the article there is considered a mathematical model of the turning inside out of the fuel
tank metallic separators for the cosmic flying machine. The research result of the stability of the
fuel tank metallic separators for the cosmic flying machine at their turning inside out is presented
and it is based on the energy principle.



3axapuyk, 0. B. HanpsbxkenHo-aedopMupoBaHHOE COCTOSTHUE KPYTOBOM Tpex-
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HANIPSI)KEHHO-IE@OPMHUPOBAHHOE COCTOSIHUE KPYT'OBOM
TPEXCJIOMHOM IJIACTUHBI CO C)KUMAEMBIM 3ANIOJHUTEJEM

ITpuBeneHa mocraHoBKa KpaeBoi 3ajaud 00 M3rube yNnpyromiacTH4eckoil KpyroBoil Tpex-
CJIOMHOM IUIACTHHBI CO CKMMAeMbIM 3aIlOJIHATENEM. JlII TOHKMX HECYILIHUX CJIOEB NMPUHATHI TH-
nore3bl Kupxroda. B oTHOCHUTENBHO TOJICTOM JIETKOM 3aIlOJHHUTENE BBIOJIHIETCS rumnoresa Tu-
MOILIEHKO C JMHEWHOM amnpokcumanuei mporuda U KBaJpaTUYHOW amnlpoKCHUMalued paaualb-
HBIX IepeMelleHni nmo TonuuHe cios. Ha koHType — jxecTkas nuadparma, MmpensTCTBYHOIIAs
OTHOCUTEJIBHOMY CIBHTY CJI0€B. PU3NYECKHE YPABHEHHs COCTOSHMS B HECYIIUX CIOSIX COOTBET-
CTBYIOT TEOPHU MaJlbIX YNPYrolulacTHUeckux aedopmanuii MnbrommHa. 3anoIHUTENb HETUHEH-
HO ynpyruil. HeogHopoaHas cuctemMa HelNMHENHHBIX AuddepeHIranbHbIX YpaBHEHUN paBHOBeE-
cHsl IOJIydeHa BapuallMOHHBIM MeToAoM Jlarpanska. [l penieHns NpUMEHEH METO/[ OCIeN0Ba-
TEJbHBIX NMPUOIMKEHUI, OCHOBaHHBIN Ha MeToJe ynpyrux pemenuid. [lomyueHno obiiee urepa-
LIMOHHOE aHAJMTHUYECKOE peLIeHHe KpaeBoll 3ajqaun B QyHkuuax beccens. UucnenHsle pe3yiib-
TaThI IOJIY4YEHBI JJIS TPEXCIOMHOTO MAKETa METaJUI-IIOJIUMEP-METaL.

KuroueBble ciioBa: TpexcioiiHas KpyroBas IUlacTHHA, (pU3HUecKas HEIMHEHHOCTh, CKUMae-
MOCTb 3aII0JHUTEJIS, HAIPSKCHUS.

Yu V. ZAKHARCHUK
Belarusian State University of Transport, Gomel, Belarus

STRESS-STRAIN STATE OF A CIRCULAR THREE LAYER PLATE WITH A COM-
PRESSIBLE FILLER

The boundary value problem of bending of an elastic-plastic circular sandwich plate with
compressible filler is formulated. The Kirchhoff's hypotheses are accepted for the thin bearing
layers. In the relatively thick lightweight filler, the hypothesis of Timoshenko is applied with a
linear approximation of the deflection and a quadratic approximation of the radial displacements
over the layer thickness. On the contour there is a rigid diaphragm that prevents the relative shift
of the layers. The physical equations of state in the bearing layers correspond to the theory of
small elastic-plastic deformations of Ilyushin. The filler is nonlinear elastic. The inhomogeneous
system of the equilibrium nonlinear differential equations is obtained by the Lagrange variation
method. The method of successive approximations based on the method of the elastic solutions is
applied for the solution. The general iterative analytical solution of the boundary value problem
in Bessel functions is obtained. Numerical results are obtained for a three-layer metal-polymer-
metal package.



3eqenas, A. C. 3ru0 tTepMOynpyromiacTuuecKo TPeXCIOMHOM MPsIMOYTOJIb-
HOU TUTacTUHEI co ckmMaeMbIM 3anmonHuteiieM / A. C. 3enenas // Mexananka. Uc-
cinenoBauusd U uHHOBaMu. — 2019. — Bemr. 12. — C. 76-84.

A. C. 3EJIEHAA
benopycckuii 2ocyoapcmeennwiti ynugepcumem mpaucnopma, Iomens, benapyce

U3 TEPMOYIIPYI'OIJIACTUYECKOM TPEXCJIOMHOM MPSIMOYIOJbHOM
IJIACTHUHBI CO C’ KUMAEMBIM 3AINIOJTHUTEJIEM

PaccMoTper u3ru® ¢uznuecku HEIMHEWHON MPSIMOYTOJBLHON TPEXCIOWHOW IJIACTHHBI MPHU
NEMCTBUN TEPMOCWIOBBIX Harpy3ok. CucreMa ypaBHEHHUH paBHOBECHUS IIOJIy4E€HA C MOMOLIbIO
BapuanuoHHoro npuHuuna Jlarpanxa. Ilpu onpeneneHun BiAMSHUS TeMIlepaTypbl Ha YIpyrue
XapaKTEePUCTUKHU MaTepHalia HECYIIUX CJI0eB npuHuManack Gpopmyna bemna. B padote nomydeno
AHAIUTUYECKOE PEIICHHE paccMaTpUBAEMOW KpaeBOM 3a/auM, a TaKKe MPOBEJIEHA €ro 4YMCIIEeH-
Hasl peanu3anus s TPEXCIONHON IUIACTUHBL.

KuroueBble cioBa: TepMOyNpyromiacTUYECKuil U3rud, pU3NUecKu HeNMHEHHas IUIaCTHHA,
TPEXCJIOMHAas IJIACTUHA, COKUMAEMBbIH 3all0JIHUTENb, IUIACTUYHOCTD.

A. S. ZELENAYA
Belarusian State University of Transport, Gomel, Belarus

BENDING OF THE THERMOELASTIC PLASTIC THREE-LAYER RECTANGULAR
PLATE WITH COMPRESSIBLE FILLER

The bending of a physically nonlinear rectangular three-layer plate under an active thermal-
force load is considered. The system of equilibrium equations is obtained using the Lagrange
variation principle. To determine the effect of temperature on the elastic characteristics of the
bearing layers material, the Bell’s formula was applied. In the investigation, an analytical solu-
tion of the considered boundary value problem is obtained, and its numerical implementation for
a three-layer plate is performed.



Kuszumnosa, H. H. MccnenoBanne TermionepeHoca B OJHOPOAHBIX CIOUCTBIX
OMOJIOTMYECKUX Marepuaiax Mpu BO3ACHCTBUU HU3KOMHTEHCHBHOIO ONTHUYECKOTO
m3nydyenust / H. H. Kuzunosa, A. M. KopoboB // Mexanuka. VccienoBanust u uH-
HoBauuu. — 2019. — Bein. 12. — C. 85-93.

H. H. KU3UJIOBA, A. M. KOPOKOB
Xapvrosckuil Hayuonanvhwii yHusepcumem um. B. H. Kapaszuna, Xapvros, Yxpauna

HCCIEJOBAHUE TEINVIONEPEHOCA B OTHOPOJHBIX CJIOACTBIX
BUOJIOTUYECKUX MATEPUAJIAX ITPU BO3JIEUCTBUU
HHU3KOMHTEHCUBHOI'O OIITUYECKOI'O U3JIYYEHUSA

[TpuBenen 0030p Monenel MeXaHMKM CIUIOLIHBIX CpeX AJIs IepeHoca Telyia B Ouosioruye-
CKMX TKaHSX C Y4eTOM paclpe/IelIeHHbIX UCTOUHUKOB TEIUIA B BHJIE METa0OIMYECKUX PEaKLui U
OTBOJA TEIUIa CUCTEMON MHUKPOLMPKYIAUUU. Monenu ciayxart Ui ONTUMU3ALUN Tepanuu KOX-
HBIX, MBILIEYHBIX U pAJa APYrux 3a00sIeBaHUM MOCPEICTBOM HU3KOMHTEHCHBHOTO ONTHYECKOIO
U3IydeHus jazepamMu win (ortoauogamu. OOG0CHOBaH BBHIOOP MOJENN, OCHOBAaHHOM Ha 3aKOHE
nepeHoca tema Guyer-Krumhansl. UnciaeHHble pacueTsl MPOBEIECHBI € MOMOIIBIO METOAA KO-
HEYHbIX PAa3HOCTEH A MmapamMeTpoB MOJIENH, COOTBETCTBYIOIIMX TPEM CJIOSIM KOXH YeJIOBEKa.
Ha ocHOBe comocTaBieHHs YMCICHHBIX PE3Y/IbTaTOB C AaHHBIMH U3MEpEHHH Ha J0OpOBOJIBIIAX
IpoBe/ieHa WACHTU(UKALUSA TaKuX [apaMeTpOB MOJENHU, KaK MeTaboJIndecKas: TeIUIONpo yKIus
U CKOPOCTb MUKPOLMPKYJISILIMY, KOTOPbIE ABJISAIOTCS MHIMBUIAYAIbHBIMU JUId nanuenra. [lokasa-
HO, YTO JJIsl TPYMIIBl MOJOABIX 370POBBIX UCHBITYEMBIX 3TH HapaMeTpbl MPeICTaBISAIOT coOOH
IPYNIbl C OTHOCUTEIBHO HEOONIBIINM pa3opocoM. Mojens ¢ HaeHTU(UIMPOBaHHBIMU MTapaMeT-
paMHM MOXXET 3aTeM HCIOJIb30BaThCsA sl ONTUMM3ALMHU (OTOJMHAMUYECKON Tepanmuu y KOH-
KPETHOI'O MallieHTa.

KnioueBble cjioBa: OHMOJIOrHyecKas TKaHb, OIITHYCCKOC HU3JIYUCHHC, TCMIICPATYPHOC IIOJIC,
TCIJIOMIPOBOAHOCTD.

N. N. KIZILOVA, A. M. KOROBOV
V. N. Karazin Kharkov National University, Kharkov, Ukraine

INVESTIGATION OF THE HEAT TRANSFER IN HOMOGENEOUS LAYERED
BIOLOGICAL MATERIALS UNDER THE INFLUENCE OF THE LOW-INTENSIVE
OPTICAL RADIATION

A review of the continuum mechanics models for the heat transfer in biological tissues
considering the distributed heat sources in the microcirculation system is presented. The models
are applied for the laser therapy optimization for the skin muscles and some other diseases by the
low-intensity laser therapy or light-emitting diodes. The choice of models based on the Guyer-
Krumhansl heat transfer law is justified. The numerical calculations are performed using finite
differences method for the model parameters corresponded to the three layers of human skin.
Based on a comparison of the numerical results and the data measured on volunteers, the
identification of such individual model parameters as metabolic heat and intensity of
microcirculation is carried out. It is shown that those parameters exhibit quite low dispersion in
the group of young healthy volunteers. The model with the identified parameters can be later
used for the photodynamic therapy optimization of the specific patient.



KuszuisoBa, H. H. Maremarnyeckoe MOJICIMPOBAHUE W MPOTHO3UPOBAHUE JH-
HAMHUKH PEYHOTO pycClia PeKU XapbKoB Ha Teppuropuu r. Xapekosa / H. H. Kuzu-
noBa, H. JI. Peruak // Mexanuka. MccnenoBanus u naHoBanuu. — 2019. — Beim. 12.
—C. 94-99.

H. H. KU3UJIOBA, H. JI. PhIY4AK
Xapvrosckuil Hayuonanvhwii yHusepcumem um. B. H. Kapaszuna, Xapvros, Yxpauna

MATEMATUYECKOE MOJAEJIUPOBAHUE U INPOI'HO3UPOBAHUE JUHAMUKHU
PEYHOTI'O PYCJIA PEKU XAPBKOB HA TEPPUTOPUU I'. XAPBKOBA

Hccnenyercs TedyeHHe Ha y4acTKe PeKM XapbKOB Ha TEPPUTOpUU I. XapbKoBa C paclpeze-
JICHHBIMU MCTOYHMKAMM 3arpsi3HEHUN M npuTokamu. Pa3paboraHHasi mMareMaTudeckas MOJEIb
MIO3BOJIIET NPEACKAa3bIBaTh HAKOIUIEHHE 3arpsi3HEHUM B IMPUIOHHBIX OTJIOXKEHMAX, IEPEHOC 3a-
I'PA3HEHUH C TIOTOKOM, 3BOJIIOLIMIO OEpEroBoil JIMHUM pycia, HATMYUe 3aCTOMHBIX 30H C MEJUJICH-
HOW LIMPKYJISILUEH, MPOTHO3UPOBATh AMHAMUKY JOHHBIX 3aHOCOB M 3apacTaHue pycia. Moxenb
TaK)K€ MO3BOJIIECT IUIAHUPOBATh MHKCHEPHO-TUIPOrEOJOTHYECKHE MEPBI M0 MPEJOTBPALEHUIO
pa3MbIBa U 3apacTaHUs PEK C MPOU3BOJIBHOM T'€OMETpPUEH, yIydIIEHHs LUPKYJALUU U MOBBIIIE-
HUS Ka4eCTBA PEYHBIX BOJ.

KiroueBble c10Ba: TeUueHHE PCKH, ITMHAMHUKA ITOTOKa, KOHCYHOIJICMCHTHOC MOJACINPOBAHUC,
3arpsA3HCHUC.

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

MATHEMATICAL MODELING AND PROGNOSTICATION OF THE KHARKOV
RIVER DYNAMICS ON THE KHARKIV CITY TERRITORY

The flow of the Kharkov river on the territory of the Kharkiv city with distributed sources of
pollution and tributaries is investigated. The created mathematical model allows to predict the
accumulation of pollutions in the bottom sediments, their transportation with the flow, the coast-
line evolution, and predicting the dynamics of the river channel overgrowth. The model also al-
lows to plan the engineering and hydrogeological measures to prevent erosion and overgrowth of
rivers with arbitrary geometry, to improve the river water circulation and quality.



KaumoBcknii, JI. A. OluieHKa MHEPIMOHHOW HArpy3Kd THOKUX 3BEHBEB IPO-
CTPAaHCTBEHHOI'O0 MaHUMYJATOpa KpymHoraGapuTHbeix wiaenuid / J[. A. Kiaumos-
ckuii, A. JI. Kyuepenko, A. C. Kanamnukos // Mexanuka. McciaeqoBanus 1 HHHO-
Baruu. — 2019. — Bem. 12. — C. 100-104.

. A. KIIHMOBCKHH, A. J]. KVYEPEHKO, A. C. KAJIAIIIHUKOB
Cubupckuii 20cyoapcmeenHbvlil yHusepcumenm HAyKu U mexHoao2utl
um. akao. M. @. Pewemnesa, 2. Kpacnosapck, Poccus

OIIEHKA MHEPIIMUOHHOM HATPY3KH T'MBKUX 3BEHBEB _
IMPOCTPAHCTBEHHOI'O MAHUITYJISATOPA KPYIIHOI'ABAPUTHBIX U3JIEJINU

B pabote onpenensoTcst CHUiIbl HATSKEHUS TMOKHMX 3BEHbEB MAHUITYJIATOpPA C YYETOM CHII
uHepuuu. MexaHu3M HMMeeT ABE CTENEHU CBOOOJIbl. AHAINM3UPYETCS BO3JEHCTBHE JMHAMHUYeE-
CKMX Harpy3oK Ha TOYHOCTb MEXaHU3MOB MapajjiebHON CTPYKTYpOil ¢ THOKMMHU 3BEHbSIMU TPU
IIPOU3BEICHUY MaHUITYJISIIMNA C KPYITHOTaOApUTHBIMU U3JIEHUSIMHU.

KiroueBble cjioBa: MexaHU3M HapajlieIbHON CTPYKTYpbI, THOKOE 3BEHO, YCKOPEHHUE.

D. A. KLIMOVSKY, A. D. KUCHERENKO, A. S. KALASHNIKOV
Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia

INERTIAL LOAD ESTIMATION OF FLEXIBLE LINKS FOR A SPATIAL
MANIPULATOR OF LARGE-SIZED PRODUCTS

In the paper the tension forces of the manipulator flexible links are determined taking into
account the inertia forces. The mechanism has two degrees of freedom. There is analyzed the
impact of the dynamic loads on the accuracy of the parallel structure kinematic machines with
flexible links at the large-sized products manipulation.



Ko3zea, A. I'. JlepopmupoBanne (HU3NUESCKH HETUHEHMHOM TPEXCIOWHOM IIa-
ctuHbl Ha ocHoBaHuM Ilactepnaka / A. I'. Kosen / Mexanuka. MccinenoBanust u
nHHOBarumu. — 2019. — Bemm. 12, — C. 105-112.

A. I'. KO3EJI
benopycckuii 2ocyoapcmeennwiti ynugepcumem mpaucnopma, I omens, benapyce

AE@OPMHUPOBAHHUE ®U3NYECKH HEJIMHEMHOM
TPEXCJIOUMHOU INIJIACTUHBI HA OCHOBAHUU IMTACTEPHAKA

IIpuBeneHa MoCTaHOBKA M peLIEHHE KpaeBOM 3ajaud 00 0CeCUMMMETPUYHOM H3rube Hecum-
METPUYHOHN IO TOJIIHMHE (PU3NYECKH HEITUHEHHON TPEXCIIONHON KpyroBOH IUIaCTHUHBI Ha JIBYX-
napamerpuueckoM ocHoBanuM Ilacrepnaka. IIpunumaercs, uto runotessl Kupxroda crpasen-
JIUBBI B TOHKUX HECYIIMX CIJIOSIX, AJIS JIETKOTO HEC)KUMAEMOTO 110 TOJIIUHE 3aII0JHUTEIS IIPUMeE-
HseTcd Mozenb TumomeHko. PU3NuecKkue ypaBHEHMs CBSI3U HanpshkeHuH ¢ aedopmanusMu B
CJIOSIX COOTBETCTBYIOT TEOPUH MaJbIX yHpyroriactuueckux aepopmauunii. Juddepenunanbubie
YPaBHEHUSI PaBHOBECUS B YCWIMAX M NEPEMEILEHUSAX IOJYYEHBbl C IOMOIIBI0 BapHUALIMOHHOIO
Merona Jlarpanxka. JUig pelieHuss HEJMHEWMHOW 3aJauyd MPUMEHEH METOJ YIPYTUX PELICHH.
ITpoBeneH YNCIEHHBIN aHAIU3 MOJyYEHHOTO PEUICHHU.

KaroueBble ciioBa: TpéXcioiiHas IUIacTUHA, (PU3MYecKasi HEJIMHEHHOCTh, 0CECUMMETPHUHBIN
n3rud, ocHosanue [lactepHaka, 4MCICHHbIE PE3YIBTATHI.

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

DEFORMATION OF A PHYSICALLY NONLINEAR THREE-LAYER PLATE ON THE
PASTERNAK BASE

There is presented the formulation and solution of the boundary value problem of the
axisymmetric bending of a physically nonlinear three-layer circular plate on a two-parameter
Pasternak base. The Kirchhoff's hypotheses are assumed for the thin carrier layers; for the light
incompressible in thickness filler, the Timoshenko model is used. The physical equations of the
stress-strain relationship in layers correspond to the theory of the small elastic-plastic
deformations. Equilibrium differential equations in forces and displacements are obtained using
the Lagrange variational method. The method of elastic solutions is applied to solve the
nonlinear problem. The numerical analysis of the obtained solution is carried out.



Ko3zynoBa, O. B. OcecumMmmeTpruyHass KOHTaKTHasl 3aJa4a g KPYTJOM IUTUTHI
Ha HEJMHEIHO-yNpyroM OCHOBaHHMM NOJ JEHCTBUEM cocpenoToueHHbIX cui / O. B.
Kosynosa, /. M. I'ypcknii // Mexanuka. MccnenoBanus n nHHOBaruu. — 2019. —
Brpm. 12. — C. 113-120.
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OCECUMMETPUYHAS KOHTAKTHASI 3AJTAYA JLJI51 KPYTI'JIOH IUIMTHI HA
HEJMHEWHO-YIIPYT'OM OCHOBAHUHA NNOJA AEMCTBUEM COCPEJOTOYEH-
HBIX CHJI

JlanHas pa0boTa sBISETCS MPOJOJIKEHUEM HCCIIEOBAHUS OCECUMMETPUYHON KOHTAKTHOM 3a-
Jlauu «KpyTjas IUIUTa — HEJIMHEWHO-YIIPYroe OCHOBAaHUE» BApHUALMOHHO-PA3HOCTHBIM METOIOM.
B Hell peann3oBaHbl NOCTAHOBKA 3a4a4d, AJITOPUTM HEJIMHEHHOIO pacdyeTa U IOJyYeHbl YUCIICH-
HBIE€ PE3yJIbTaThl, COOTBETCTBYIOLIME JEHCTBUIO HA IIJIUTY CUCTEMBI COCPEIOTOYEHHBIX cuil. Pe-
1ieHue c(OpMyJIMPOBAHHOM 3aauyl BBIIOJIHEHO C HUCIOJb30BAHUEM UTEPALlMOHHOIO aJropUTMa
A. A. UnplomuHa MajibIX ynpyro-mjiacTudeckux jaedopmanuii B popMe NepeMeHHbIX Mapamer-
poOB ynpyroctu. Moaysb yrnpyrocTu OCHOBAaHUS IIPUHHUMAETCS EPEMEHHBIM (CEKYIIHUM), KO3(-
¢unment IlyaccoHa — MOCTOSIHHBIM, B CHJIY MaJIOCTH CBOero usmeHeHus. IlokasaHo, 4yto npu
MOJICIUPOBAHUN B3aMMOJICHCTBUS IJIMT CpPEeIHEH JKECTKOCTH M OJHOPOAHBIX OCHOBaHMH (pu3u-
YECKYI0 HEJIMHEHHOCTh MOKHO HE YYMUTHIBATb.

KiroueBbie cioBa: ocecCUMMETpUYHAs KOHTAKTHas 3ajada, Kpyrjas IUIMTA, HEJIMHEHHO-
YIIPYroe OCHOBAHME, BAPUALMOHHO-PA3HOCTHBIN METOJI, UTEPALMOHHBIN AJITOPUTM.

0. V. KOZUNOVA, D. M. GURSKY
Belarusian State University of Transport, Gomel, Belarus

AXISYMMETRIC CONTACT PROBLEM FOR A CIRCULAR PLATE ON THE
NONLINEAR ELASTIC BASE UNDER THE ACTION OF THE CONCENTRATED
FORCES SYSTEM

The investigation is a continuation of the "round plate-nonlinear elastic base" axisymmetric
contact problem study by the variational-difference method. Here there are realized the formula-
tion, the nonlinear calculation algorithm and the numerical results are implemented for the con-
tact problem solution considering the concentrated forces system action. The solution of the for-
mulated problem is performed using an iterative algorithm of the A. A. Ilyushin small elastic-
plastic deformations of in the elasticity variable parameters form. The base elasticity modulus is
assumed to be variable (secant), the Poisson's ratio is constant, due to the smallness of its change.
It is shown that the physical non-linearity can be neglected at the modeling of the medium hard-
ness plates and homogeneous bases interaction.



Ko3ynoBa, O. B. Yuer ¢uznyeckoii HETUHEHHOCTH IMIAPHUPHO COEAMHEHHBIX
KeJIe300€TOHHBIX 0alOK, PaclojOKEHHBIX Ha YIIPYroMm ocHoBaHuM Bunkiepa / O.
B. Kosynosa // Mexanuka. UccnenoBanusa n maHoBauuu. — 2019. — Bemn. 12. — C.
121-127.

O. B. KO3YHOBA
benopycckuii 2ocyoapcmeennwiti ynugepcumem mpaucnopma, I omens, berapyce

YUYET ®U3NYECKON HEJJUHEMHOCTHU IAPHUPHO COEJVUHEHHBIX )KEJIE-
30BETOHHBIX BAJIOK, PACITIOJIOXKEHHBIX HA YIIPYT'OM OCHOBAHUU
BUHKJIEPA

[IpemnnaraeTcst yHMBEpCalbHbBIN MOAXOJ JUIsl pacuera IIAPHUPHO COEAMHEHHBIX JKene300e-
TOHHBIX OaJlOK Ha yNPYroM OCHOBaHUM BHHKIEpa, KOTOpBIH OCHOBaH Ha CMELUIAHHOM METOje
CTPOUTEIbHON MexaHUKH. Pu3nueckas HEIMHEHHOCTh MaTepuana 0aJoK pacCMaTpUBAETCs Kak
IIepeMEHHas JKeCTKOCTh y4acTKoB JKemoukuna. [locne HaX0XJeHUs CUI B CBsI3AX 001aCTH KOH-
TaKTa KaX10i OaJKy C YIpYyrMM OCHOBAHHEM B pe3yJibTaTe JUHEMHOIO pacdyera ONpeesstoTcs
BEJIMYMHBI M3rHOAIOIUX MOMEHTOB. 3aTeM 110 HUM HaXOJIUTCs KacaTelbHas *KECTKOCTh Ul Ka-
KJIOTO y4yacTKa IO 3aBUCHUMOCTH «MOMEHT-KpUMBH3Ha» B BHJE TUIEPOOJINYECKOrO TaHIE€HCA.
[TpuBeneH uuciaeHHbIN npumep pacuera AeGOPMHUPOBAHUS CUCTEMbI U3 TPEX IIAPHUPHO COEAU-
HEHHBIX XKeJIe300€TOHHBIX 0ajloOK Ha BMHKJIEPOBCKOM OCHOBAHMHU MOJ AEHCTBHEM BHEIIHEH Ha-
IPY3KHU.

KiroueBble cji0Ba: IIapHUPHO COEMHEHHbIE OalIki, (pU3nuecKas HEIMHEHHOCTb, OCHOBaHUE
Bunknepa, cMeIaHHbIi METOJI CTPOUTENILHON MeXaHUKH, MeTo[] JKeMouKHHa.

0. V. KOZUNOVA
Belarusian State University of Transport, Gomel, Belarus

ACCOUNTING OF PHYSICAL NONLINEARITY OF HINGE-CONNECTED REIN-
FORCED CONCRETE BEAMS ON THE ELASTIC WINKLER FOUNDATION

In the paper a universal approach is proposed for calculating the articulated reinforced con-
crete beams on the Winkler elastic base, using the mixed method of structural mechanics. The
beams material physical nonlinearity is taken into account through the variable stiffness of
Zhemochkin’s section. After determining the loads in the each beam-elastic base contact joints
as a result of linear calculation, the values of the bending moments for the each beam are de-
fined. Then the tangential stiffness for each section is determined from the obtained values from
the “moment-curvature” dependence in the form of a hyperbolic tangent. There is presented the
numerical example of the deformation calculation for a system of three articulated reinforced
concrete beams on the Winkler base under the influence of an external load.



Komuartnsbii, /1. B. PacdeT aBrXeHHs AKOPS 3JICKTPOMArHUTHOIO PEJE MEepPBO-
ro knacca HagexxkHoctd / JI. B. Komnaatnsiii // Mexanuka. McciegoBanus 1 UHHO-
Bauuu. — 2019. — Bemm. 12. — C. 128-133.

NI. B. KOMHATHbBIH
Tomenvckuii cocyoapcmeennulil mexnuueckutl ynusepcumem um. I1. O. Cyxoeo, 'omens, bena-

Pyco

PACYET JBW)KEHMS SIKOPSI DJIEKTPOMATHUTHOI'O PEJIE TEPBOT'O KJIAC-
CA HAJEXXHOCTH

PaccMOTpeHO IBHKEHHE SKOps pese IEPBOro Kiacca HaAeKHOCTH, KOTOPOE NMPUMEHSETCS
[IPY HOCTPOCHUHU CUCTEM CUTHAJIM3ALMM, HEHTPAIU3alUu U OJIOKMPOBKHU. BhIBeeHO ypaBHEHUE
INBUKEHUS aKops. [loiydeHo ero penieHue Ha OCHOBE METOJOB KYyCOYHO-JIMHEHHOW alIpOKCH-
MalUy MEXaHWYECKOW XapaKTEPUCTUKH pejie M YCIOBHOH JIMHEapHU3alMU NEPEXOAHBIX IpoLec-
COB B KaTyIIKE 3JIEKTPOMarHUTHOro peine. Iloka3aHo, 4To 3TH METOABI MO3BOJISIOT MOJYYUTh
IIPOCTBIE BBIPAXKECHUS JUIsl U3MEHEHHUS yIjla [IOBOPOTA SIKOPs PeJle BO BPEMEHH.

KiroueBble ¢/10Ba: 3JIEKTPOMAarHUTHOE pelie, YpaBHEHUE ABMKCHHS SIKOPSI, METO KyCOYHO-
JUHEWHOH almpoKCUMAaIui, METOJl YCIOBHOM JTMHeapu3alui, METO I HeOIpeIeIeHHBIX K03ddu-
[IUEHTOB.

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

CALCULATION OF THE FIRST-CLASS RELIABILITY ELECTROMAGNETIC RE-
LAY ANCHOR MOTION

There is considered the anchor motion of the first class reliability relay, used at the alarm,
centralization and blocking systems creation. The equation of the anchor movement is derived.
The solution of this equation is obtained, based on the piecewise linear approximation of the re-
lay mechanical characteristics and conditional linearization of transients in the electromagnetic
relay coil. It is shown, that these methods allow to obtain the simple expressions for the relay
anchor rotation angle depending on time.



Ky3nenosa, M. I'. KoMibioTepHOe MOAEIMPOBAHUE TUHAMHUKN MAIlIMHBI C Ha-
BECHBIM pesepByapom i xuakoctd / M. I'. Ky3nenoa, M. A. boiikaues // Me-
xanuka. UcciaenoBanna u naHoBanmu. — 2019. — Beim. 12. — C. 134-139.
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KOMIIBIOTEPHOE MOJEJIMPOBAHUE JTUHAMUKHN MAIIIUHbBI C HABECHBIM
PE3EPBYAPOM JJIAA KUJKOCTHU

Pa3paboraHa KOMIIbIOTEpHAsE MOJIEIb TPAHCIIOPTHOI'O CPEACTBA, 000PYJOBAHHOI'O HABECHOMH
€MKOCTBIO C JKUJKMMHM MHUHEpAIbHbIMH yIO0OpEeHUSIMH B cpeie MHKeHepHoro nakera ADAMS.
BBINOTHEHO HUCCIIEAOBAaHUE 3aBUCHUMOCTH aMIUIMTYZl OTHOCUTENIBHBIX CKOPOCTH M YCKOPEHHS
LEHTpa MacC JKUJIKOCTH B 3aBUCUMOCTH OT BBICOTBI II€pEE3)KaeMOM HEPOBHOCTH, HaJM-
41s1/OTCYTCTBUSL PECCOP M MX KECTKOCTH.

KiroueBble ¢JI0Ba: CEILCKOXO03AICTBEHHAS MaIllHA, HABECHAS €MKOCTH, KOJICOAHUS KUIKO-
ctu, moaenupoBanne, MSC.ADAMS.

M. G. KUZNIATSOVA, M. A. BAIKACHOU
Belarusian State University of Transport, Gomel, Belarus

COMPUTER MODELING OF DYNAMICS OF A VEHICLE WITH A HANGED
RESERVOIR FOR LIQUID MEDIA

There was created a computer model of a vehicle equipped with a hanged tank with liquid
mineral fertilizers in the environment of the ADAMS engineering package. The amplitudes of
the liquid mass center relative velocities and accelerations were analyzed depending on the
height of the road unevenness, the presence/absence of springs and their stiffness.



Jleonenko, /I. B. UmnynbcHble KOeOaHMsT TPEXCIOWHBIX CTEP)KHEW Ha YIpY-
roMm MHepUUOHHOM ocHoBaHuu Ilactepnaka / JI. B. Jleonenko // Mexanuka. Uc-
cienoBanusd U uHHOBaLmu. — 2019. — Brim. 12. — C. 140-145.

/. B. JTEOHEHKO
benopycckuii 2ocyoapcmeennwiti ynugepcumem mpaucnopma, I omens, berapyce

UMITYJbCHBIE KOJIEBAHUS TPEXCJOMHBIX CTEPXKHEA HA YIIPYTOM
MHEPOHUOHHOM OCHOBAHUU IMACTEPHAKA

PaccMmoTpens! nonepeuHble KojeOaHUs YIPYroro TPEXCIOWHOTO CTEPI)KHS, CKPEMJIEHHOIO C
YIPYTUM HMHEPLUOHHBIM OCHOBAHHMEM, IOJ ACHCTBHEM UMITYJILCHOM PAaBHOMEPHO PACIPEIEIICH-
HOW Harpy3ku. Peakuus ocHoBaHMs onuchiBaeTcsa Monenbto IlacrepHaka. Jlns onucaHust KUHe-
MAaTUKM HECUMMETPUYHOI'O IO TOJIIVHE IAaKeTa INPHUHATHI THIoTe3bl bepHymmm u TUMOIIEHKO.
AHanuTH4eckue pelieHus mojyyeHsl MerojgoM byOHoBa-I'amepkuHa ¢ Mcnosib30BaHHEM 0000-
1meHHol ¢yHkuuu nensra-Qynkuuu Jupaka. I[lpoBeaeH ynciaeHHbIN aHAIN3 NOJyYEHHBIX pellie-
HUM.

KiroueBble cjioBa: TpeXClONHBIN CTEpKeHb, MHEPLMOHHOE ocHOBaHMe [lactepHaka, konebda-
HUSl, UMITYJIbCHOE Harpy>KEHUE.

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

IMPULSE OSCILLASTIONS OF THE THREE-LAYER RODS ON THE ELASTIC IN-
ERTIAL PASTERNAK’S FOUNDATION

There are considered the transverse oscillations of the elastic three-layer rod, clamped with
the elastic inertial foundation, under the impulsive uniformly distributed load action. Reaction of
foundation is described on the base of Pasternak’s model. To describe the kinematics of a pack-
age asymmetric in thickness, the hypotheses of Bernoulli and Timoshenko are adopted. The ana-
lytical solutions are obtained by the Bubnov-Galerkin method using the generalized Dirac delta
function. The numerical analysis of the obtained solutions is conducted.



JloktnoHoB, A. B. Kunematuka pexyiero WHCTPYMEHTAa HCIOIHUTEIBHOTO
mexanusMma / A. B. Jloktnonos // Mexanunka. Uccnenqosanud u naHoBammu. — 2019.
— Bemr. 12. — C. 146-151.

A. B. IOKTHOHOB
Bumebckuii 2ocyoapcmeennulil mexnonocuyeckuti yHugepcumem, Bumebck, benapyce

KNHEMATHUKA PEXYIIEI'O HHCTPYMEHTA UCHHOJIHUTEJIBHOI'O
MEXAHU3MA

IIpennokeH aHaIUTUYECKUN METOJ pacuera 3aJHUX YIVIOB pe3la B JIBMKeHUU. IlosmydeHbl
COOTHOILECHHS MEXAY UX 3HAYCHUSMHM B PA3JIMYHBIX IJIOCKOCTAX C Y4ETOM yIjla YCTaHOBKH PE3-
1la Ha PEXYIIEH TOJOBKE MCIIOIHUTEIBHOIO MEXaHHM3Ma. YCTaHOBJIEHO, YTO KUHEMAaTUYECKUE
YIJIBI IPEJCTABIISIIOT T€ YK€ YIUIbI ABM)KEHUS, paCCUMTAaHHBIE JUIsl OOKOBOW U 3aJHEN rpaHu pesla.

KuroueBbie c1oBa: pexylmuili HHCTPYMEHT, UCIIOJIHUTENbHBI MEXaHU3M, YroJl JBHKEHHS,
3aHUN YroJ.

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

THE KINEMATICS OF THE ACTUATING MECHANISM CUTTING TOOL

An analytical method for calculating the back angles of the cutter in motion is proposed.
There are obtained the relations between its values in different planes taking into account the an-
gle of the cutter installation on the actuator cutting head. It is found that the kinematic angles
represent the same motion angles calculated for the lateral and posterior cutter edges.



HecrepoBuu, A. B. HanpsbkeHHOE COCTOSIHME KPYTOBOW TPEXCIONHOM IUIACTH-
HBI [IPA OCECUMMETPUYHOM HarpykKeHuu B cBoel miockoct / A. B. Hecreposuu //
Mexanuka. UccnenoBanust u uaHoBanuu. — 2019. — Bein. 12. — C. 152-157.

A. B. HECTEPOBUY
benopycckuil 2ocyoapcmeennwiti ynugepcumem mpaucnopma, I omens, benapyce

HANIPSI)KEHHOE COCTOSIHUE KPYIOBOWM TPEXCJIOMHOM IIJIACTHUHBI IIPHA
OCECUMMETPUYHOM HATI'PYKEHHHU B CBOEM IVIOCKOCTH

PaccMOTpeHO paBHOMEPHOE paCTAKEHHUE-CKATUE U KPYUYECHHE YIPYIOM TPEXCIONHOU KPyro-
BOH IUIACTUHBI NOJ JEHCTBUEM IOCTOSHHBIX PaUalIbHBIX U TAHTC€HIMAJIbHBIX HArpy30K B TEM-
[epaTypHOM IOJI€. YPaBHEHHs PABHOBECHs IOJYYEHBI BAPUALMOHHBIMM METOAAMH MU PELICHBI
METOJOM HIPSMOIr0 MHTErpupoBaHus. [IpoBeneH 4MCIIEHHBIH aHAIU3 HAIPSDKEHHOIO COCTOSTHUS
IIpU pa3IMuyHbIX Temmeparypax. llpuBeneHsl rpaduku pacrpeneneHus HanpsKeHUM B CIOSIX
IUTACTUHBI BJIOJIb pajinyca.

KuioueBble ciioBa: KpyroBas IUIaCTUHA, PACTsDKEHHE-CKATHE, KPyUeHHUE, HAIPSKEHHOE CO-
CTOsIHUE, TeMIIepaTypa.

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

THE STRESS STATE OF A CIRCULAR THREE-LAYER PLATE UNDER THE
AXISYMMETRIC LOADING IN ITS PLANE

The uniform tension-compression and torsion of an elastic three-layer circular plate under the
action of constant radial and tangential loads in the temperature field is considered. The equilib-
rium equations are obtained by the variational methods and solved by the direct integration. The
numerical analysis of the stress state at different temperatures is carried out. The diagrams of the
plate layers stress distribution along the radius are shown.



Hedenos, B. B. Monens HanpspkeHHO-IeDOPMUPYEMOTO COCTOSIHUSI MHOTO-
KOMITOHEHTHBIX TeTepocTpykTyp / B. B. Hedenon, H. A. Hedenosa // Mexanuxa.
Uccnenoanus u unHoBanuu. — 2019. — Bein. 12. — C. 158-163.

B. B. HE®QEJ]OB, H. A. HE®QEJ[OBA
FOoicno-Poccuiickuti eocyoapcmeennbiil noarumexunuyeckuil ynusepcumem (HITH) umenu M. .
IInamoesa, Hosouepxacck, Poccus

MOJIEJIb HAIIPA’KEHHO-AE®@OPMUPYEMOI'O COCTOSAHUA
MHOI'OKOMIIOHEHTHBIX 'ETEPOCTPYKTYP

Cy1ecTByomuye MOJENIH, YYUTHIBAIOIIME BIUSHUE BHYTPEHHHUX Aedopmanuii B HampsKeH-
HBIX CTPYKTypax B 3aBUCHUMOCTH OT KOHLICHTpPAllMM KOMIIOHEHT M TOJILIUH CJIOS U IMOAJIOXKKU
a/JIeKBaTHO He paboTaroT IS MHOIOKOMIIOHEHTHBIX T€TEpOCTPYKTYp C JierupoBaHueM. Llenbro
JIaHHOW PabOThl fABISIETCA pPa3pabOTKa YTOUHEHHBIX MoOJENIeH HaNpsKeHHO-IepOpMUPYEMOTo
COCTOSIHUS TAKUX T'€TEPOCTPYKTYP.

KiroueBbie ciioBa: TCTCPOCTPYKTYpA, KOHOCHTPAIHUA BEIICCTB, KOMIICHCAIIUA HaHpH)KeHHfI.

V. V. NEFEDOV, N. A. NEFEDOVA
Platov South-Russian State Polytechnic University (NPI), Novocherkassk, Russia

MODEL OF THE MULTICOMPONENT HETEROSTRUCTURES STRESS-STRAIN
STATE

The existing models take into account the effect of the internal deformations in the strained
structures, depending on the components concentration and the layer and the substrate thick-
nesses but they do not adequately work for the multi-component doped heterostructures. The
purpose of this work is to develop the refined models of the stress-strain state of such het-
erostructures.



IIurynos, A. B. HarpyXeHHOCTb 3JIEMEHTOB Ky30BOB BaroHOB-XOIIEpPOB /
A. B. Ilurynos, B. B. Ilurynos, II. A. lTamyk, H. A. fIceko // Mexanuka. Hccne-
nosauus U naHoBarmu. — 2019. — Bemn. 12. — C. 164-170.

A. B. IIUT'VHOB, B. B. IH'VHOB, I1. A. JALUIVK, H. A. ACbKO
benopycckuii 2ocyoapcmeennwiti ynugepcumem mpancnopma, I omens

HATPYKEHHOCTbD 3JIEMEHTOB KY30BOB BAI'OHOB-XOIIIIEPOB

OmnpeneneHsl pacyeTHbIE HArPY3KH OT JIABJIEHMSI CBIIIYYEro Ipy3a Ha BEPTUKAJIbHbIE, HAKJIOH-
Hble U 00pa30BaHHbIE KPUBBIMU BTOPOI'O MOPSJIKA CTEHbI KYy30BOB BAarOHOB, a TaK)XXe HarpysKH,
BO3HMKAIOIUE IIPU yJIape. Y CTAaHOBJIEHbI MAaKCHUMaJIbHbIC 3HAYEHUs PACUETHBIX HAIPY30K, IPH-
XOIALIUXCS HA TOPLIEBBIE CTEHbI BATOHOB-XOIIIEPOB Pa3IU4HbIX MOJEIEH.

KuroueBble cjioBa: BaroH-xommep, Harpyska, IPOYHOCTb, HANpsDKEHUs, AABIEHHUE Ipy3a,
yJap, ChIITy4YHi Ipys3.

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

LOADING OF THE HOPPER CARS BODIES ELEMENTS

There are calculated the loadings from the pressure of a bulk cargo on the car bodies walls:
vertical, inclined and formed by the curves of the second order; as well as the loads caused by
the impact. The maximal values of the calculated loads located on the end walls of hopper cars
of various models are established.



Caxapos, II. A. Ouenka BIUSHHS XapaKTEPUCTUK MEXBATOHHBIX CBSI3€M B IO-
€3/1€ Ha BEJIMYMHY NPOJOJbHBIX CHJI MpHU AeKTpudeckoM TopMmoxkenuu / I1. A. Ca-
xapoB, A. O. lllumanosckuii / Mexanuka. MccnenoBanus u maHoBanuu. — 2019. —
Bpm. 12. — C. 171-181.

I1. A. CAXAPOB, A. O. IIIHUMAHOBCKUH
benopycckuii eocyoapcmeennoviii ynusepcumem mparcnopma, I omens

OIIEHKA BJIUSSTHUS XAPAKTEPUCTHUK MEXBATOHHBIX CBA3EH B IMOE3/E
HA BEJIMYUHY MPOAOJIBHBIX CAJI TPU JIEKTPUYECKOM TOPMOXKXEHUU

PaccmoTpeHo MozenupoBaHME ABMKEHUS OJHOPOJHOIO IMOE€3/a IO NPSIMOMY IOPHU30HTaJb-
HOMY YYacTKy IIyTH B PEKHMME JJIEKTPUYECKOI0 TOPMOKEHUS JOKOMOTHUBOM. BBINOIHEHA OLIEH-
Ka BIMAHUS KO3()(UIMEHTOB XKECTKOCTU M JIeMI(UPOBAaHUS aMOPTU3aTOPOB aBTOCLEIHBIX YCT-
POICTB Ha BEIWYMHY M paclpeiesieHue MPOJOJIBHBIX CHII B cocrase. IlokazaHo, 4To wacrtora
IPOJIOJIBHBIX YNPYIHX KoJeOaHWH B 1O€3/€ 3aBUCHUT OT JKECTKOCTH MEXKBAarOHHBIX COEIUHEHUH,
MacChl U KOJINYECTBA BArOHOB, 4 UX aAMIUIMTYAA — OT BPEMEHU HapacTaHUsl TOPMO3HOW CHIIBI JIO-
KOMOTHBA. Y CTaHOBJIEHO, YTO HAaMMEHBIINE CHJIBI BOBHUKAIOT B TOM CiIy4ae, KOrjaa Inepuoj poc-
Ta TOPMO3HOM CHJIbI paBEH IEPUOAY COOCTBEHHBIX NMPOJOJBHBIX YIPYIMX KosieOaHWH B MOe3ne,
unu kpareH emy. IIpeacraBieHa 3aBUCHMOCTb, IO3BOJIIOLIAS ONPENENATh HU3LIYIO 4YacTOTY
COOCTBEHHBIX NMPOJIOJIBHBIX YIPYIUX KoJeOaHH B roe3e.

KiroueBble cjioBa: SJICKTPUYCCKOC TOPMOIKCHHUC, HOFJIOH_[aIOH_[I/II\/'I amnrmapar, HpoAO0JIbHBIC KO-
se0aHus moe3ja, MpoJA0JIbHBIC CUJIBI.

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

ESTIMATION OF THE INFLUENCE OF THE TRAIN INTER-CAR CONNECTIONS
CHARACTERISTICS ON THE LONGITUDINAL FORCES VALUE AT ELECTRIC
BRAKING

The simulation of a homogeneous train motion along a straight horizontal rail track section in
the locomotive electric braking mode is considered. The assessment of the auto-coupling devices
shock absorbers stiffness and damping coefficients influence on the size and distribution of the
longitudinal forces in the train is performed. It is shown that the frequency of longitudinal elastic
vibrations in the train depends on the stiffness of inter-car joints, the mass and number of cars,
and their amplitude depends on the time of locomotive braking force increase. It is established
that the smallest forces arise when the growth period of the braking force is equal to the period
of natural longitudinal elastic vibrations in the train, or if it is a multiple of it. There is presented
the dependence that allows to determine the lowest frequency of natural longitudinal elastic os-
cillations in the train.



Crauék, II. /1. Onpenenenue IOMyCTUMBIX 3KCLHEHTPUCUTETOB BEPTUKAIBHOU
Harpy3ku Ha mapHupHo onupaemyto Oanky / I1. JI. Ckauék // Mexanuka. Hccie-
noBaHug 1 uHHOBarwu. — 2019. — Bem. 12. — C. 182-190.

11. J. CKAYEK
benopycckuii nayuonanouwiii mexuuveckuu ynueepcumem, Munck, benapyco

ONPEJEJEHUE JJOIIYCTUMBIX SKCHEHTPUCUTETOB BEPTUKAJIbHOM
HAT'PY3KHN HA IIAPHUPHO OIIMPAEMYIO BAJIKY

PaccmaTpuBaercs penieHre KOHTAKTHOW 3ajjadd AJIs HIAPHUPHOTO y3ja ONUPAHUS OJHOIPO-
neTHoN Oanku. OCHOBHas 1LI€b 3aKJIIOYAETCs B ONPEAEICHUM JOIMYCTHUMOIO 3KCLEHTPUCUTETA
IIPUJIOKEHUS] BEPTUKAJIBHOM HArpy3Ku, P KOTOPOM KOHTAKTHBIE HAIPSKEHHsI MOJHOCTBIO pac-
IpeJiesieHsl 1o mupuHe Oanku. [Ipu 3ToM pemarorcs 3aaun NOCTPOEHUS MOBEPXHOCTEH U M30-
JIMHUN KOHTAKTHBIX HAIpPsIKEHUH B 30HE B3aUMOJIEHCTBUSA OalKU M CTEH, OIpelesieHus 00JIacTH
KOHTaKTa IpU pa3IMuYHBIX MOKA3aTeNIX T'MOKOCTH C IOCTPOEHUEM 3aBUCHMOCTH BEJIMYMHBI JO-
IIYCTUMOT'0 3KCLIEHTPUCHUTETA OT MOKa3aTelsl TMOKOCTH, a TakXkKe MOCTPOCHHs M30JIMHUM BepTH-
KAJIbHBIX IlepeMelleHuil creH. Pemenue BoinosHeHO MeronoM b. H. XKemoukuna. IIpoussenex
pacueT A cilydas COCPeJOTOYEHHOW BEPTHKAJIbHOW HArpys3KH, NPUJIOKEHHOW B CEYEHUH, NPO-
XOJSIIEM Yepe3 CepeiMHy IposieTa OAIKU NEPIEHIUKYIISIPHO €€ IPOA0IbHOM OCH.

KaroueBble cjioBa: YIIpYTro€ 4€TBCPTHLIIPOCTPAHCTBO, METO/ H{CMO‘IKI/IHa, MoKasarejb T'uo-
KOCTHU, KOHTAKTHBIC HAIIPSKCHHUA, 00J1acTh KOHTaKTa, I[OHyCTI/IMHﬁ SKCHCHTPUCHUTCT.

P. D. SKACHOK
Belarusian National Technical University, Minsk, Belarus

DEFINITION OF PERMISSIBLE ACCENTRISITES OF VERTICAL LOAD ON THE
HINGED BEAM

There is considered the solution of the contact problem for a hinged node support of a single-
span beam. The main purpose is to determine the margin eccentricity of the vertical load applica-
tion for the contact stresses completely distributed along the beam width. At the same time, there
are solved the problems of creating the contact stresses surfaces and contours in the beam-walls
interaction zone, determining the contact area for various indicators of flexibility with obtaining
the dependence of the admissible eccentricity on the flexibility index, as well as getting isolines
of vertical wall movements. The calculation is performed by the B. N. Zhemochkin’s method.
The calculation is performed for the case of a concentrated vertical load applied to a beam sec-
tion passing through the beam’s mid-span perpendicular to its longitudinal axis.



CraposoiitoB, J. WU. [/lepopMupoBanue TpexCIOWHON YNPYTOMIACTUYECKON
IJIACTUHBI TOrOHHBIMU Harpy3kamu / 3. M. CraposoritoB, M. A. XKypaskos // Me-
xaHuka. UccnenoBanus u naHoBanuu. — 2019. — Bemm. 12, — C. 191-197.

3. U. CTAPOBOHTOB', M. A. )KYPABKOB’
' Benopycckuii 2ocydapemeennwiii yrusepcumem mpancnopma, Iomens, Benapyce
2Eezzopycc:cm? eocyoapcmeentulil yHusepcumem, Munck, benapyco

JNTE®OPMHUPOBAHHUE TPEXCJIOMHOHM YHPYI'OINIACTHYECKOM
IIJIACTUHBI IOTOHHBIMU HATPY3KAMHU

PaccmotpeHo ocecummeTpuuHoe Ae(pOpMHpPOBaHHE TPEXCIOWHOM KPYroBOHM IUIACTUHBI I1O-
TOHHBIMM Harpy3kamMu. MaTepuanbsl HECYIIHX CJIO€B IUIACTUHBI IPHUHATHI YIPYTOIUIACTHYECKU-
MU, 3aII0JIHUTEINb — HEJIMHEHHO ynpyruil. [l onuvcaHus KMHEMATUKU MaKeTa UCIOIb3YyIOTCs TU-
[0Te3bl JIOMaHO HOopMaiu. B TOHKHMX Hecymux ciosix cupaBeanuBbl runoressl Kupxroda. B
HEC)KMMAEMOM II0 TOJIIMHE OTHOCUTEJIBHO TOJICTOM 3aIOJHUTENE BBINIOJIHAETCA runoresa Tu-
MOIIEHKO O MPSAMOJMHEHHOCTH U HECXKMMAEMOCTH /1e(OPMHPOBAHHONW HOpMaIU. YUYUTHIBAETCS
paboTta 3anonHUTENS Npu ciaBure. [IpuBeseHa MOCTaHOBKA COOTBETCTBYIOLIEH KpaeBOM 3aJayH.
VYpaBHEHUsI paBHOBECHs IOJIyY€Hbl BapUallMOHHBIM MeTonoM Jlarpanxka. Pemenue kpaeBoi 3a-
Ja4y IMOJYyYEHO METONOM ynpyrux pemeHuid MiprommHa. YucneHHbIE pe3ynbTaThl MOJY4ECHBI
JUIs IIJIACTUHBI, CJIOU KOTOpoW HaOpaHbl u3 MatepuanoB [[16T-dropormnact—/(16T. I'pannunsie
YCIIOBHSI COOTBETCTBYIOT IIAPHUPHOMY OIMPAHUIO KOHTYpa IIacTUHBL. MccienoBaHo BiMsHHE
¢u3nyeckol HEIMHEHHOCTU MaTEPUANIOB CJIOEB HA MEPEMEILEHUS B IJIACTHUHE.

KaroueBble cioBa: TpCXCHOﬁHaH KpyroBasa 1iaCTuHa, OCCCUMMCETpPUYIHAA I[C(l)OpMaHI/IH, I10-
TOHHBIC CUJIBI U MOMCHTEI, YIPYTOCTh, INIACTUYHOCTD.

E. I. STAROVOITOV', M. A. ZHURAVKOV*
'Belarusian State University of Transport, Gomel, Belarus
*Belarusian State University, Minsk, Belarus

DEFORMATION OF A THREE-LAYER ELASTOPLASTIC PLATE BY LINEAR
LOADS

An axisymmetric deformation of a three-layer circular plate by linear loads is considered.
The materials of the bearing layers of the plate are elastic-plastic, the filler is nonlinear elastic.
For the asymmetric in thickness three-layer plate the kinematic hypothesis of a broken normal
are assumed. In the thin external layers the Kirchhoff's hypotheses are applied. The filler is no
compressible through thickness and relatively thick so for its description the Timoshenko’s hy-
pothesis on the straightness and incompressibility of the deformed normal. The work of the filler
at shear is taken into account. The formulation of a corresponding boundary value problem is
given. The equilibrium equations are obtained by the Lagrange variational method. The bound-
ary problem solution is obtained by the Ilyushin’s elastic solution method. Numerical results are
calculated for a plate with layers made from D16T—fluoroplast-4-D16T materials. The boundary
conditions correspond to the hinge support of the plate contour. The influence of the physical
nonlinearity of the layer materials on the displacements in the plate is investigated.



Yepuoye, . A. YTOouHEHHE pacdyeTHOU OIEHKU KO3 UIIMEHTa TPEHHs Kade-
Husa / JI. A. Yepnoyc // Mexanuka. MccnenoBanus u maHoBauuu. — 2019. — BeIm.
12. — C. 198-205.

/. A. YEPHOYC
benopycckuii 2ocyoapcmeennwiti ynugepcumem mpaucnopma, I omens, berapyce

YTOUYHEHHME PACUETHOM OIIEHKH KO®®UIIUEHTA TPEHUS KAYEHUA

[Tpennoxken MeToJ BBIYUCICHUS COCTaBIAIOLIEH KO HULINEHTa TPEHUs KaueHUs, 00yClIOB-
JICHHOW THCTEPE3UCHBIMU MOTEPSMHU B BSI3KOYNPYIOM MaTepualle KaTsiuerocs Tena. B omiuuue
OT paHee HMCIOJb3yEMbIX, AaHHAs METOJMKA MOApPa3yMEeBaeT HENOCPEICTBEHHOE MHTEIpUpPOBa-
HHUE KOHTAKTHOT'O JIaBJIEHUS IO IUIOIIAJAKEe KOHTAKTA U MO3BOJISIET yYECTh 3aBUCUMOCTb Pa3MEpOB
3TOM IUIOIIAJKU OT CKOPOCTH ABMXKEHHUS LIEHTpa Macc KaTsierocs tena. [IpuBeneHbl npumepbl
UCIIOJIb30BaHMs METOAMKU IPU aHAIM3€ KaueHHs BSI3KOYNPYroro mapa W LMIMHApA 10 Hele-
(dopMupyemMoii NOBEPXHOCTH.

KiroueBble cjI0Ba: KOHTaKTHas 3a/a4a, BSI3KOYNpyroe n1eopMHUpPOBaHUE, SIPO pellaKcallty,
MOMEHT COIIPOTHUBIIEHUS KaU€HUIO, KOAPPUIIMEHT TPEHUS KaueHUS.

D. A. CHERNOUS
Belarusian State University of Transport, Gomel, Belarus

REFINING THE CALCULATED EVALUATION OF THE ROLLING FRICTION
COEFFICIENT

A method for calculating the component of the rolling friction coefficient due to hysteresis
losses in the rolling body viscoelastic material is proposed. Unlike the previously used ones, this
technique involves the direct integration of the contact pressure over the contact area and allows
to take into account the dependence of the area size on the velocity of the rolling body mass cen-
ter. There are presented the examples of the technique use in the analysis of the viscoelastic ball
and cylinder rolling over the undeformable surface.



HInmanoBckmii, A. Q. Biausinue Qpuznueckux U reOMETPUUECKUX MapaMeTpoB
BKJIIOUEHUN Ha HampsHKEHHO-IepopMUpoBaHHOE cocTosiHue kommosuta / A. O.
HumanoBckuii, A. FO. IlybOept // Mexanuka. MccnenoBaHnus U MHHOBALUU. —
2019. — Bein. 12. — C. 206-211.

A. O. IIUMAHOBCKHH, A. IO. IIVEEPT
benopycckuil 2ocyoapcmeennwiti ynugepcumem mpaucnopma, I omens, berapyce

BJIUSHUE ®U3NYECKHUX U TEOMETPUUECKHAX MMAPAMETPOB BKJIIOYEHUM
HA HAIIPA’ KEHHO-JE®OPMHUPOBAHHOE COCTOAHUE KOMIIO3UTA

BEINIOTHEHO KOMIBIOTEPHOE MOJAETUPOBAHUE HAINPSKEHHO-I€(OPMUPOBAHHOTO COCTOSHUS
apMHUPOBAHHOTO BOJIOKHAMM KOMIIO3UTA MOJ| IEHCTBUEM MPUIIOKEHHOTO PACIpPEeIEHHOIO JaB-
neHus cpene nporpamMmMmHoro komrmiekca ANSYS. [loka3aHo, HACKOJIBKO yBEJIMYEHHUE AUAMETPa
BOJIOKOH, MOZyJIsl ynpyroctu u ko3¢ ¢uiuenra [TyaccoHa ynpouHsOmEro HarmoJIHUTENs yBeJlu-
YHBAeT JKECTKOCTh U YMEHbIIaeT JedopMaluil HEOJHOPOJHOIO MaTepHasa, a TakKe MO3BOJISET
CHU3UTb HAIIPSDKEHUS B HEM.

KiroueBble cJ10Ba: KOMITIO3UTHBIN MaTepuajl, KOMIIBIOTEPHOC MOACIUPOBAHHEC.

A. O. SHIMANOVSKY, A. Yu. SHUBERT
Belarusian State University of Transport, Gomel, Belarus

INFLUENCE OF PHYSICAL AND GEOMETRIC PARAMETERS OF FILLERS ON
THE STRESSED-STRAINED STATE OF A COMPOSITE

Computer simulation of the stress-strain state of a composite reinforced by the fibers under
the influence of the applied distributed pressure is performed using the ANSYS software pack-
age. It is shown the degree of the material stiffness increase, the inhomogeneous material defor-
mation and the stresses decrease depending on the increase of the fiber diameter, elasticity
modulus and the Poisson's ratio of the reinforcing filler.
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N3Irub KOJIBIIEBOM TPEXCJIOMHOM IJIACTUHDBI
HA YIIPYTOM OCHOBAHHU ITOI'OHHBIMHU HATPY3KAMUA

PaccmoTpen ocecuMMeETpUUHBIA M3THO yNpyro KOJbLEBOM TPEXCIOMHON IUIACTUHBI C JIET-
KHUM 3allOJIHUTENIEM, CBA3aHHON C yIIPYruM OcHOBaHMeM Bunkiepa. Harpysku — norosssie cu-
JIOBbIE U MOMEHTHBIE. JIJIsl ONMCaHus KUHEMAaTUKM HECUMMETPUYHOIO IO TOJIIMHE NaKeTa Iuia-
CTHHBI IIPUHATHI TMIOTE3bl JIOMaHON avHMHU. [lonmydeHa cucreMa ypaBHEHUIl paBHOBECHS U €€
AHAIMUTUYECKOE pEUICHHUE B IepeMelleHusX. [IpuBeeHbl YUCIeHHbIe pe3yIbTaThl AJIs TPEXCIIOMU-
HOM IJIaCTUHBI.

KiroueBblie ciaoBa: Tp€XCJIOI>iH21$I KpyroBas IJjiaCTUHa, OCHOBAHUC BI/IHKJIepa, OCCCUMMCET-
pUYHasA z[e(bopMauI/m, IIOIrOHHBIC CUJIbI © MOMCHTDI, YIIPYTOCTb.

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

BENDING OF A CIRCULAR THREE-LAYER PLATE ON THE ELASTIC BASIS BY
LINEAR LOADS

The axisymmetric bending of an elastic circular three-layer plate with light filler resting on
the Winkler’s elastic base is considered. The loads are the linear forces and torques. For the de-
scription of the package kinematics considering its asymmetrical thickness the broken normal
hypothesis are accepted. A system of equilibrium equations and its analytical solu-tion in dis-
placements are obtained. Numerical results for a three-layer plate are presented.



Lin, Ji The analysis of the first international engineering mechanics contest
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JI LIN, JING LI, DONG LEI
College of Mechanics and Materials, Hohai University, Nanjing, China

THE ANALYSIS OF THE FIRST INTERNATIONAL ENGINEERING MECHANICS
CONTEST (ASIAN REGION)

The First International Engineering Mechanics Contest (Asian Region) was successfully held
at Hohai University, Nanjing, Jiangsu from January 21 to 24, 2019. In this paper the concept of
the International Engineering Mechanics Contest (Asian region) holding and results of such first
International Engineering Mechanics Contest are provided.

Keywords: Mechanics Contest, Asian Region, Hohai University.
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AHAJIN3 MEPBOM MEXIYHAPOJHOMN OJIMMIIMAIbI 11O TEOPETHYECKOM
MEXAHUKE (ASUATCKUM PETUOH)

IlepBas MexayHapoHasl OJUMIIMAA [0 TEOPETHUECKON MEXAHMKE JUIsl A3MAaTCKOrO peruoHa
ObLa ycremHo npoBeacHa B YHuBepcurere Xoxai (Hankuz, npoBunius [[3sHcy) ¢ 21 mo 24
saBapst 2019 roga. Onucana KOHLENIUS TPOBEACHUS COCTOSIBUIETOCS KOHKYpCa, a TaKKe Mpej-
CTaBJIeHbl pe3yibTaThl [lepBoil MeXAyHApOJAHON OJIMMIIUA/BLI IO TEOPETUYECKON MEXaHUKE IS
A3MaTCKOTO peruoHa.



KaumoBckuid, JI. A. OnieHka pacTshkeHUs THOKUX 3BEHBEB ITPOCTPAHCTBEHHOTO
MaHHUIyJIsITOpa KpynHorabapuTHbeix uznaenuit / J1. A. Knumosckuii, H. A. CMupHOB
/l Mexanuka. MccnenoBanust 1 uHHOBauu. — 2019. — Beimn. 12. — C. 221-223.
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OIEHKA PACTSKEHUSA 'MBKUX 3BEHBEB IIPOCTPAHCTBEHHOI'O
MAHUITYJIITOPA KPYITHOTABAPUTHBIX W3IEJIUA

B pabote ompenensercs BeIUUMHA PACTSKEHUSI TMOKUX 3BEHBEB PA3IMUYHOIO CEUEHUS, JUIM-
HBI U MO Pa3IMYHON HArpy3Kol. AHAIM3UPYETCs BIUSHHS 3TOIO PACTSKEHHS HA TOYHOCTh Me-
XaHU3MOB MapauIeIbHON CTPYKTYpPbl ¢ TMOKMMH 3BEHBSIMHU NP MaHUIYJIMPOBAaHUM KpYIHOTa-
OapUTHBIMHU U3JEIHSIMU Ha IIPOU3BOJICTBE.

KuroueBble cjioBa: MexaHU3M NapajlieNbHOM CTPYKTYpbI, THOKOE 3BEHO.

D. A. KLIMOVSKY, N. A. SMIRNOV
Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia

ESTIMATION OF STRETCHING THE FLEXIBLE LINKS OF A SPATIAL
MANIPULATOR OF LARGE-SIZED PRODUCTS

The extension values for flexible links of different sections, lengths and under different loads
are determined in the paper. There is analyzed the effect of this stretching on the accuracy of the
parallel kinematic machine with flexible links while manipulating the large-sized products in
manufacturing.



Pycan, C. 1. DnemeHThl METOABIKI aHATIITHIYHATA Jaciie/laBaHHs MPOCTHIX pyXxay
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SJEMEHTbBI METOJBIKI AHAJIITBIYHAT'A TACJTEJABAHHS ITPOCTBIX
PYXAY JABYX Y3AEMA/IBEUHBIX LHEJIAY

VY apTeiKyne BBIKIAJ3€Ha METOAbIKA MDKABICHBIIUIIHApHAra Y3aeMaJ3esHHS ¥ Tparpce
BBEIBYUIHHSI aryJIbHATIXHIYHBIX IBICHBILUIIH. Ha NBYX KaHKPITHBIX MNpBIKIANaX I1aKa3aHa, SK
CpOJIKaMi MaTAMaThIKi 1 TIapIThIYHAH MEXaHIKi MOJXKHA TMaJpbIXTaBallb CTYIHTAy Ja
YcnpbIMaHHA agHOW 3 HaWOOJIbII CKJIAJaHBIX TAM Kypca TI0pbll MEXaHI3May 1 MalllblH —
«KynaukoBbIs MeXaHi3MbI».

KiouaBbist  CJIOBBI:  y3aeMaJ3eWHbIS LEJbl, KOJa, OJIINC, TIAPIThIYHAS MeEXaHika,
Kaap/bIHAThI, MACTYMaJbHBI PyX, BIpUYaIbHbI PyX, KYJIauoK, IITypXad.

S. I. RUSAN, A. K. HAURYLENIA
Baranovichi State University, Baranovichi, Belarus

ELEMENTS OF A METHODOLOGY FOR THE ANALYTICAL STUDY OF SIMPLE
MOVEMENTS OF THE TWO INTERACTING BODIES

The paper describes the method of the interdisciplinary interaction in the study of general
technical disciplines. Two specific examples shown how it is possible to prepare students for
perception of one of the most difficult subjects of the mechanisms and machines theory course —
«Cam mechanisms» using the means of mathematics and engineering mechanics.
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XV MEXKJIYHAPOJHAS OJIMMIIMAZIA 110 TEOPETUYECKON MEXAHUKE

[IpencraBnena unpopmanus o XV MexIyHapOAHOW OJIMMITHAJIE TIO TEOPETUYECKON Mexa-
HUKE, KOTOpasi cOCTOosulach B BelopyccKOM rocyiapCTBEHHOM YHUBEPCUTETE TPAHCIIOPTa B all-
pene 2019 r. IIpuBeneHs! yCIIOBHS U PELIEHUS 3a/1a4, CBEJCHUS O Pe3yJIbTaTaX OJUMIIHUAIBI.

A. O. SHIMANOVSKY, I. E. KRAKAVA
Belarusian State University of Transport, Gomel, Belarus
XV INTERNATIONAL ENGINEERING MECHANICS CONTEST

There is presented the information about the 15" International Engineering Mechanics Con-
test which took place at the Belarusian State University of Transport in April 2019. The problem
tasks and solutions and the Contest results information are demonstrated.



