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Askarbekov, R. N. Modeling of vibrations in a building structure with rub-
ber-metal supports / R. N. Askarbekov, T. B. Duishenaliev, A. A. Orozbaev //
Mechanics. Researches and Innovations. — 2020. — Vol. 13. — P. 5-12.

R. N. ASKARBEKOV, T. B. DUISHENALIEV, A. A. OROZBAEV
Kyrgyz State Technical University, Bishkek, Kyrgyz Republic

MODELING OF VIBRATIONS IN A BUILDING STRUCTURE
WITH RUBBER-METAL SUPPORTS

There are presented the experimental results for the layout of the two-storied
building made in the scale of 1:10. There is analyzed the influence of the rubber-
metal supports in the monolithic construction on the oscillations in its base. The
changes in the oscillation frequencies depending on the hardness of used rubber
are considered. The experimental results demonstrated the advantages of using
less hard rubber.

Keywords: layout, rubber-metal supports, vibrometer, vibration.

P. H ACKAPFEKOB, T. 5. JVHIIIEHAJIUEB, A. A. OPO3FAEB
Kuipevisckuii eocyoapcmeennulii mexnuveckuti ynusepcumem um. M. Passaxosa,
buwxkex, Kvipevizckaa Pecnybnuxa

MOJIEJIMPOBAHUE KOJIEBAHU CTPOUTEJBHOMW KOHCTPYKIIUH
C PEBUHOMETAJUVIMME CKUMHX OIIOPAMUA

HpI/IBCZLCHbI PE3YIbTAaThl 3KCIIEPUMEHTOB, B KOTOPBIX Ha MaKETC JBYX3Ta)KHO-
IO 3J4aHusA, BBIIIOJIHCHHOI'O B MaciTaoe 1210, AHAJIM3UPOBAJIOCH BIIUAHUE PE3UHO-
MCTANTUYCCKUX OIIOp B COCTaBEC MOHOJIMTHOM KOHCTPYKIIUU 3IaHUA Ha KoJjecOa-
HHUA, BOSHUKAOUIUE B €0 OCHOBAHHUHU. PaCCMOTpeHO M3MEHCHUE YacTOThI KoJicOa-
HUW B 3aBUCHUMOCTH OT TBépZ[OCTI/I HUCTIO0JIb30BAHHOMU PE3UHBI. P€3yJ'II>TaTbI OKCIIC-
PUMCHTOB TIPOACMOHCTPUPOBAIN IMPEUMYHIECTBA HCIIOJIb30BaHUA PE3UHBI C
MeEHbIIEH TBEPAOCTHIO.

KiiroueBbie cJa0Ba: MakeT, pe3WHOMETAJUIMYECKHE OIMOPBI, BHOPOMETP, KOJe-
OaHus.



Aslanov, E. A. A problem of wave propagation in an elastic tube containing
heterogeneous liquid / E. A. Aslanov // Mechanics. Researches and Innovations. —
2020. - Vol. 13. - P. 13-20.

E. A. ASLANOV
Azerbaijan Technical University, Baku, Azerbaijan

A PROBLEM OF WAVE PROPAGATION IN AN ELASTIC TUBE
CONTAINING HETEROGENEOUS LIQUID

In the work there is performed the solution of a one-dimensional problem of
harmonic waves propagation in an orthotropic elastic tube containing heterogene-
ous incompressible liquid with the rheological behaviour described by Maxwell
model. There is numerically depicted the influence of concentration of inclusions
on wave characteristics for the case of long stationary waves propagation in hetero-
geneous liquid flowing in an elastic tube of variable circular section. The properties
of the liquid comply with linear visco-elastic model of Foigt. The solution of this
problem is defined by singular boundary problem of Sturm — Liouville. It is as-
sumed that the tube is rigidly fixed to surrounding and, thus, its longitudinal dis-
placement is equal to null. Cases of finite and semi-infinite tubes are considered.

Keywords: wave propagation, elastic tube, heterogeneous liquid, harmonic
waves, viscoelasticity, haemodynamics.

2. A. ACJIAHOB
Asepbatioxcanckuii mexnuueckuti ynusepcumem, baxy, Aszepbatiosxcan

O PACIIPOCTPAHEHUHA BOJIH B YIIPYT'Oil TPYBKE,
COJEP)KAIIEA TETEPOTEHHYIO )KHUJKOCThH

BrinonHeHo pemieHne oAHOMEPHOH 3aJadM O PaclpOCTPaHEHUH T'apMOHHUYECKUX
BOJIH B OPTOTPOIHOW YNpyroil TpyOke, coiep)kalleidl HEOIHOPOIHYIO HeC)KHMae-
MYIO JKHJAKOCTb, PEOJIOTHYECKOE MOBEJECHUE KOTOPOM OMNMCHIBAETCS MOJEIBIO
Makcenna. YucIeHHO MpoaHaIM3UPOBAHO BIMSHME KOHLEHTPALlMM BKJIIOUEHUH Ha
BOJIHOBBIE XapaKTEPUCTHKHU Ul Cilydas PAacHpOCTPaHEHUs JUIMHHBIX CTaI[OHAapPHBIX
BOJIH B HEOJHOPOJTHOH JKHMJIKOCTH, TEKylled B YIpYyroil TpyOKe NepeMeHHOro
OKpYIJIOTO CEUYeHUs, CBOMCTBa KOTOPON COOTBETCTBYIOT JIMHEHHOH BS3KOYNpPYTroH
mozenu doiixra. Pemenue 3Toit 3agaun ompenensieTcsl CUHTYIISIpHOW KpaeBoM 3aja-
yeit IlItypma — JlmyBwuia. IIpennomaraercs, yto TpyOKa >KECTKO 3aKpeIuieHa B
OKpY’KaIOLIeM IPOCTPAHCTBE MU, CIENOBATENIbHO, €€ IMPOJOJFHOE CMEIIEHHE PaBHO
HyJII0. PaccMOTpeHB! ciiy4an KOHEYHBIX M TOJIyOECKOHEUHBIX TPYOOK.

KuaroueBble cioBa: pacnpocTpaHeHHE BOJH, ynpyras TpyOKa, HEOJHOPOIHAs
XKUJKOCTh, TAPMOHHYECKHE BOJIHBI, BSA3KOYIPYIOCTh, T€MOJIMHAMHUKA.



Beaoyc, B. 10. Biusinue pexuMa QyroBoi CBapKH Ha CTPYKTYpy M CBOMCTBa
CBApHBIX COEIMHEHUH BBICOKOIPOYHOTo TUTaHoBoro cmiasa 1120 / B. FO. benoyc //
Mexanuka. MccnenoBanus u naHoBanuu. — 2020. — Bem. 13. — C. 21-31.

B. 0. BEJIOYC

Unemumym snexkmpoceapku um. E. O. [lamona HAH Ykpaunwi, Kues, Yxpauna

BJUSHUE PEXXHUMA JYTOBOM CBAPKH HA CTPYKTYPY U
CBOWMCTBA CBAPHBIX COEIUHEHUI BBICOKOIIPOYHOT O
TUTAHOBOI'O CIIJIABA T120

PaccMoTpeHa TeXHOJIOrHsI MOJIyYEHHUs] CBapHBIX COCAMHEHHH C NMPOYHOCTHIO HE Me-
Hee 0,9 oT mpo4yHOCTHM OCHOBHOro Marepuana. [lpu aHanmu3e BIMSHHUS TEPMUYECKOTO
LMKJIa CBapKM Ha TUTAHOBBIC CIUIAaBbl M3Y4YE€HBl JUAarpaMMbl aHMU30TEPMHUYECKOro Ipe-
BpauieHus. JJopaboTaHa METONWKA M3YYCHHs BIHMSHHS TEPMHYCCKOTO IUKIIA CBAPKH Ha
CTPYKTYpHO-(ha30BbIC MNPEBPALICHUS B METAJUIC [IBA M 30HE TECPMUYCCKOTO BIUSHUS
9KCIEPUMEHTAIILHOI'O CJIOXKHOJIETHpPOBaHHOTrO THTaHOBoro cruiaBa T120 cucremsr Ti-
6,5A1-3Mo0-2,5V-4Nb-1Cr-1Fe-2,57Zr u npoBeaeHa OLEHKa CBOICTB €ro CBapHBIX CO-
equHenuii. [loka3aHo, 4yTto OoJblIME 3HAYCHHS CKOPOCTEil cBapku obecrevuBarT ¢a-
30BBIH COCTAaB MeTajJja IIBa M 30HBl TEPMHUECKOIO BIUSHHUS C MEHBIIUM KOJIUYECTBOM
MeTacTabunpHbIX (a3. CBapHbie coeAUHCHHS TUTaHOBoro criaBa T120, BBINOJHEH-
HblE aproHOJYroBOil CBapkod, MMEIOT 3HaueHUs IoKa3zarejed Mpeaesa MPOYHOCTH
1162 Mlla, uto coorBeTcTBYeT 97 % OT NPOYHOCTH CIIIABa.

KnwueBrbie ciioBa: TUTaH, TATAHOBBIC CILJIaBbl, aproHOAYroBas CBapKa, CTPYKTypa
CBAapHOI'o 1IBa, AUarpaMMa aHU30TCPMUYECKOro IPEBpALCHUSA.

V. Yu. BILOUS
E. O. Paton Electric Welding Institute of the NAS of Ukraine, Kyiv, Ukraine

THE INFLUENCE OF THE ARC WELDING MODE
ON THE STRUCTURE AND PROPERTIES OF WELDED JOINTS
OF HIGH-STRENGTH TITANIUM ALLOY T120

The technology of producing welded joints with a strength of at least 0.9 of the
strength of the base material is considered. When analyzing the effect of the thermal
welding cycle on titanium alloys, anisothermal transformation diagrams are studied.
The methodology for studying the influence of the thermal cycle of welding on the
structural-phase transformations in the weld metal and the heat-affected zone of the
experimental complex-alloyed titanium alloy T120 of the Ti-6,5Al-3Mo-2,5V-4Nb-
1Cr-1Fe-2,5Zr system is improved and the properties are evaluated its welded joints. It
is shown that high values of welding speeds provide the phase composition of the weld
metal and the heat affected zone with a smaller number of metastable phases. T120
titanium alloy welded joints made by argon arc welding have a tensile strength of 1162
MPa, which corresponds to 97 % of the alloy strength.

Keywords: titanium, titanium alloys, argon arc welding, weld structure, aniso-
thermal transformation diagram.



BypuenkoB, B. B. OneHka cOCTOSHHS U TEPCIEKTHUBBI COBEPILICHCTBOBAHUS
JUAarHOCTUKU JleTalle H Y3JIOB MOABMXKHOro cocrtaa / B. B. bypueHkos,
A. A. Mapxkasuos // Mexanuka. Hccnenoanusa u unnoBauuu. — 2020. — Beim. 13. —
C. 32-39.

B. B. FYVPUYEHKOB, A. A. MAPKABIL]OB
Benopycckuii cocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyco

OIIEHKA COCTOAHHUA U NEPCIEKTUBBI
COBEPIIEHCTBOBAHU A TUATHOCTHUKHU JETAJIEN U Y3JIOB
HOABUXHOI'O COCTABA

HpI/IBCHCHH CBCICHHUA O CHCTEMAaX KOHTPOJII TEXHUYCCKOI'O COCTOAHUA JIOKO-
MOTHUBOB M BaroHoOB, PaCcCMOTPCHBI YCJIOBUA OSKCIJIyaTallUK W MOHHUTOPHUHIA CO-
JEpKaHUA OTBETCTBCHHBIX Y3JIOB IMOJABHUXXHOI'O COCTaBa. Cd)opMyanOBaHa METO-
JINKa OLCHKU COCTOAHHA JIOKOMOTHBOB W BarOHOB IIO I'paJJUCHTY HapacTaHUA JC-
TrpalallHOHHBIX IIPOLECCOB. PaCCMOTpeHBI NpUHOUIIBL pacueTa HCO6X0£[I/IMOFO
KOJIM4YE€CTBAa AHUArHOCTUYCCKHUX ychOﬁCTB JJI4 KOHTPOJIE TEXHUYCCKOI'o0 COCTOA-
HHA INOABHUXKHOI'O COCTaBa.

KiwueBble cJjioBa: JIOKOMOTHBHAS JAUarHoCTuka, TEIJIOBO M MOHUTOPHUHI', 1€-
rpalallHOHHBIC ITPOLECCHI, TEXHUYCCKUHT KOHTpPOJIb, NMPOrHO3HBIC OLCHKU COCTOS-
HHA.

V. V. BURCHENKOV, A. A. MARKAVTSOV
Belarusian State University of Transport, Gomel, Belarus

ASSESSMENT OF CONDITION AND PROSPECTS OF DIAGNOSTICS
IMPROVEMENT OF ROLLING STOCK PARTS AND UNITS

There is given the information about systems for monitoring the technical con-
dition of locomotive and car mechanical devices, the operation conditions and
maintenance monitoring of rolling stock critical components are considered. A
methodology for assessing the condition of locomotives and cars based on the
gradient of increasing degradation processes is formulated. The principles of cal-
culating the required number of diagnostic devices for monitoring the technical
condition of rolling stock are considered.

Keywords: locomotive diagnostics, thermal monitoring, degradation process-
es, technical control, predictive assessments of the state.



Bopoxyn, U. A. AHanu3 KOppeKTHOCTHM MaTEMaTHUYECKUX MOJEIeH coynape-
HUSl BaroHOB-ILIATQOPM HpU YNPYroMm croco0e KpemsieHHs Ha HUX SpycoB Tpyo /
W. A. Bopoxyn // Mexanuka. UccnenoBanus u uaHoBanuu. — 2020. — Bem. 13. —
C. 40-46.

U. A. BOPOXXYH
Benopycckuii eocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBerapyce

AHAJIM3 KOPPEKTHOCTU MATEMATHUYECKUX MOJIEJIEN
COYJAPEHUSA BAT'OHOB-IIJIAT ®OPM
OPHU YIIPYI'OM CIIOCOBE KPEIIVIEHUA HA HUX APYCOB TPYb

BrimonHeH aHalu3 MOJY4eHHBIX DPE3yJbTaTOB MO HMPUHATONH MaTeMaTH4ecKOon
MOJIENIM TIpPOIecca COYIapeHUsl pa3IMYHOr0 KOJMYECTBA BATOHOB IPU JKECTKOM H
yIpyrom crnoco6ax KperuieHuss rpys3a. HcciaemoBaHo BiusiHME KOd(pQHUIUEHTA
TPeHUsI MEXIY ApycaMu TpyO M pamoil miuaT(opMmbl, a TakKe IpeIBapuTEIbHOTO
HaTSKCHUS YNPYTHX 3JIEMEHTOB KPEIUIGHUS Ha BEJIMYUHY OCTATOYHOI'O IPOIOJIb-
HOT'O CMEUICHUS TPYyO0 OTHOCHTEIbHO IUIAT(QOPMBI IPU €€ COyJapeHHH C BaroHaMu
cTeHKH. KOppeKTHOCTh MaTeMaTH4eCKOH MOJIeNHM YCTaHaBJIMBAJlach IyTEM COIO-
CTaBJICHUs PE3YyJIbTATOB pacuera ¢ pe3ylbTaTaMH, MOJYYeHHBIMH HpPH HaTYPHBIX
UCHBITAHUAX Ha COyJapeHHe BaroHoB. [IpuBeeHBI pEKOMEHJAalUu IO HCIOJIb30-
BAaHUIO IPH BBHINOJHEHUU PACUETOB KOJIWYECTBA BArOHOB CTEHKH.

KiaroueBble cjoBa: nnaTd)opMa, pr6I>I, KpEImJI€HUE Trpy30B, AMHAMHUYECKUEC
CUJIBI, COYNAap€HUE BaroHOB.

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

CORRECTNESS ANALYSIS OF MATHEMATICAL MODELS
OF FLATCARS COLLISION AT AN ELASTIC FIXING METHOD
FOR TIERS OF PIPES ON THE FLATCAR FRAME

The analysis of the obtained results is carried out according to the accepted
mathematical model of the collision process of a different number of cars with
rigid and elastic methods of cargo fastening. There is investigated the effect of the
friction coefficient between the tiers of pipes and the flatcar frame, as well as the
pretensioning of elastic fastening elements on the value of residual longitudinal
displacement of the pipes relative to the platform when it collides with the wall
cars. The correctness of the mathematical model was established by comparing the
calculation results with the results obtained during field tests for the cars collision.
There are given the recommendations for the use of the wall cars number at per-
forming calculations.

Keywords: flatcar, pipes, fastening of loads, dynamic forces, collision of cars.



Tlanaii, 3. K. Ouenka paboTsl TOPMO3HOTO 00OPYAOBaHUS T'Py30BBIX BaroHOB
Ha yuyactke AHrpeH — Ilam AO «VY30ekckue xenesnele noporu» / O. W. Tanai,
C. I'. UuaramoB, A. A. HOnpamoB // Mexanuka. McciaeqoBaHusi ¥ WHHOBAI[UH. —
2020. — Bemm. 13. — C. 47-54.

D. U. TAJIAH, C. I. MHHATAMOB, A. A. IOJIJALIOB

bBenopycckuii eocyoapcmeennviii ynusepcumem mpaucnopma, I'omens, benapycey

OIIEHKA PABOTBI TOPMO3HOI'O OBOPYJOBAHUSA
I'PY30BbIX BATOHOB HA YYACTKE AHI'PEH - IIAIT
AO «Y3BEKCKHE XKEJIE3HBIE TOPOI' U»

CI/ICTeMaTPBPIpOBaHI)I OCHOBHBI€ HCHUCIHPABHOCTU TIPYKEHBIX BaroHoB Ha OCHOBE
U3Yy4YCHUS JOaHHBIX MO OTKa3aM TOPMO3HOTIO o6opyz[013aHmI Ha JIMHUU AHrpeH—Har[,
SIBJISIFOLIEHCS. BaXKHBIM 3BEHOM JJI1 9 KOHOMHUKH PeCHy6J’IPIKPI V36ekucraH. HOKa3aHO,
YTO OCHOBHBIC HpO6J’IeMI>I CBsA3aHbl CO 3HAYUTECJIbHBIM U3HOCOM TOPMO3HBLIX KOJIOAOK KU
IOBBIMICHUEM UX TEMIECPATYPHI. HpI/IBeZ[eHI)I pe3ysibTaThl pacdue€Ta M3HOCA YYI'YHHBIX
KOJIOJIOK IO TOJIIUHE U OLI€HKAa €ro 3aBUCHUMOCTH OT CKOPOCTHU ABMKCHHSA NOABHKHO-
ro cocCraBa IJid pasHBIX KO3(1)(1)I/IIII/ICHTOB pacnopeacineHus TEIJIOBOrO IOTOKa B KOJIOI-
K€ U YKJIOHOB. Takxe BBINIOJHECH pacueT KPUTHUYECKOI'0 BPEMEHU HEIPEPLIBHOI'O TOP-
MOXCHUS. HOKa3aHO, 4YTO IpU TIMPaBUJIBHOM JUArHOCTUPOBaHUU HeI/ICHpaBHOCTeﬁ
HUMEETCSA BO3MOXKHOCTb YCTPAHCHUS HEPABHOMCEPHOI'O U3HOCA TOPMO3HBLIX KOJOAOK.

KnawueBbie ciaoBa: TOPMO3HOE o6opyz[03aHMe, TPY30BbIC BaroHbl, JIMHUSA AHl"peH—
Har[, HEUCIPABHOCTU BaroHa, KpUTUYECKOE BPEMsI TOPMOIKCHHUSA, USHOC YYT'YHHBIX KOJIOJOK.

E. I. HALAL S. G. INAGAMOV, A. A. YULDASHOV
Belarusian State University of Transport, Gomel, Belarus

EVALUATION OF THE FREIGHT CARS BRAKING EQUIPMENT
OPERATION ON THE ANGREN - PAP SECTION OF JSC "UZBEK
RAILWAYS"

The main malfunctions of loaded cars are systematized on the basis on the study of
data on failures of brake equipment on the Angren — Pap railroad section, which is an
important link for the economy of the Republic of Uzbekistan. It is shown that the
main problems are associated with significant wear of brake pads and an increase in
their temperature. The results of calculating the cast iron pads wear by thickness and
an assessment of its dependence on the speed of the rolling stock for different coeffi-
cients of heat flow distribution in the pads and slopes are presented. The critical time
of continuous braking is also calculated. It is shown that with correct diagnostics of
malfunctions, it is possible to eliminate uneven wear of brake pads.

Keywords: braking equipment, freight cars, Angren — Pap line, car malfunctions,
critical braking times, wear of cast iron pads.



HoBrsino, B. A. Oco0EHHOCTH CpEIHETO U KAHUTAIHHOTO PEMOHTOB CIICIIH-
anbHBIX myTeBbIX MamuH / B. A. Jlosrsno, B. JI. Mouceenko, K. B. Makcumuuk,
A. B. ImutpueB // Mexanuka. Mccnenosanua u uaHoBauuu. — 2020. — Beim. 13. —
C. 55-62.

B. A. IOBI'A1JIO, B. JI. MOUCEEHKO, K. B. MAKCUMYHUK, A. B. IMUTPUEB
Benopycckuii eocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyce

OCOBEHHOCTH CPEJHEI'O U KAIIUTAJIBHOTO PEMOHTOB
CIHEIUAJIBHBIX ITYTEBBIX MAIINH

PaccmarpuBaioTcss 0COOEHHOCTH CpEIHEro M KalmUTaIbHOTO PEMOHTOB CHEIU-
aJBHOTO TOJBMIKHOTO COCTaBa, JKCIUIyaTHpyemMoro Ha benopycckoil xeie3HOi
nopore. IIpencraBiieHbl pe3ysibTaThl pabOT MO OOHOBICHHIO HOPMATHUBHOW 0a3bl
JUIS TIPOBEJIEHUSI CPEAHEr0 M KalUTaJbHOI'O PEMOHTOB, OCYIIECTBIICHHBIX COTPYA-
HUKaMHu bBeaopycckoro rocyaapcTBEHHOTO YHHBEPCHTETa TPaHCHOPTA.

KiaroueBble cjaoBa: cneunanm{mﬁ HOZ[BI/I)KHOﬁ CocCTas, I1JIaHOBO-
npeaynpeauTeibHas CuCTeMa O6CJ'Iy)KI/IBaHI/ISI U pEMOHTA, CpeZ[HI/Iﬁ PEMOHT, Kallu-
TaJIbHBIN PEMOHT, TEXHUYCCKAs 3KCIIJIyaTalusa, TCXHUYCCKOEC 06CJ'Iy)KI/IBaHI/I€.

V. A. DOVGYALO, V. L. MOISEENKO, K. V. MAKSIMCHYK, A. V. DMITRIEV
Belarusian State University of Transport, Gomel, Belarus

FEATURES OF MEDIUM AND CAPITAL REPAIRS OF SPECIAL
RAILWAY TRACK MACHINES

The features of mid-life and overhaul repairs of special rolling stock operated
on the Belarusian Railway are considered. The results of work on updating the
regulatory framework for medium and major repairs carried out by employees of
the Belarusian State University of Transport are presented.

Keywords: special rolling stock, scheduled preventive maintenance and repair
system, mid-life repair, overhaul, technical operation, maintenance.



Koxanenko, B. H. CoOcTBeHHBIC KOJeOaHUS MHEBMOTHIPABIUYECKON pecco-
pst / B. H. Koxanenko, II. B. Cuporun, A. U. Kongparenko, C. . EBrymenko //
Mexanuka. UccnenoBanus u uHHoBanmu. — 2020. — B 13. — C. 63-67.

B. H. KOXAHEHKO', I1. B. CHPOTHH', A. U. KOH/JPATEHKO? C. U. EBTYIIIEHKO?
FOorcro-Poccuiickuii 2ocydapcmeennblii nonumexnuyeckuti ynueepcumem (HITH) um. M.
U. Ilnamosa, Hosouepkracck, Poccus

2Poccutickuii - 2ocydapcmeennplii  azpaphviii  yHueepcumem — Mockoeckas — cenbcKo-
xoszsticmeennasn axademus um. K. A. Tumupsizesa, Mocksa, Poccus
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ynusepcumem, Mockea, Poccus

COBCTBEHHBIE KOJIEBAHUS
MHEBMOT'UAPABJIHAYECKO PECCOPBI

HpI/IBOZ[I/ITCH PEUICHUE METOAOM NEPEMEHHOIO MaciuTaba B O6U_ICM BUIC HEJIMHEWHBIX
ypaBHeHI/Iﬁ KoJieOaHuit CaMOXO/JIHbIX MAalIWH. Pemienrie mo3BoJIsIET ONTHMAIBHO BI>I6paTb
napaMeTpbl CUCTEMBI IIPU MMPOCKTUPOBAHUN MHEBMOTUAPABIMYCCKUX PECCOP COCTOALIMX U3
HECKOJIbKMX TacuTesIeH KoJieOaHHiA. CpaBHeHI/Ie PE3yJIbTAaTOB pacyera Io HpeZ[HO)KeHHOﬁ
MOJCIU C pe3ylibTaTaMHy, MOJY4YEHHBIMU JPYrUMHU aBTOpaMU (Z[pyFI/IMI/I MeTOZ[aMPI), IIOKa-
3bIBACT JOCTATOYHYIO Ul IMPAKTHUKU I1OJIB30BaHUS TOYHOCTH (HOI"peU_IHOCTI) HE MPEBLIIIACT
5 %) Ipy CPAaBHCHUHU C NapaMeTpamMu, NOJIYyYCHHBIM 3KCIICPUMEHTAIILHO. MOZ[CJ'II) TO3BOJIA-
€T A0CTaTOYHO IIPOCTO ONPEACIUTH aMIUIUTYAbl, IOJYNEPUOABI U YaCTOTbL COOCTBEHHBIX
KOJIEOaHUI CHUCTEMBI JUI Z[aﬂbHeﬁlHeﬁ OLECHKHU BO3MOXXHOCTH PE30HaHCHBIX SIBJICHUU npu
TMOCJICAYIOMUX BHEIIHUX BO3Z[CI\/'ICTBI/IHX‘

KaroueBbie ciioBa: METO NIEPEMEHHOIO MacmTa6a, mMareMaruicCKas MO/JIC/ib, ITHEBMOI'U/I-
paBJIMIECKas peccopa, COOCTBEHHBIE KOJICOAHUS CHUCTEMBI, aMIUIUTY/ia, NOJIyIEPHO/], YaCTOTa.

V. N. KOKHANENKO', P. V. SIROTIN'!, A. . KONDRATENKO?, S. 1. EVTUSHENKO?
!Platov South-Russian State Polytechnic University (NPI), Novocherkassk, Russia
Timiryazev Russian State Agrarian University — Moscow Agricultural Academy, Moscow, Russia
3Moscow State University of Civil Engineering (National Research University), Moscow, Russia

SELF-OSCILLATIONS OF A HYDRO-PNEUMATIC SPRING

There is demonstrated a solution of nonlinear equations of self-propelled machines' vi-
brations by the variable scale method in general form. The solution allows to select the
system parameters optimally when designing pneumatic-hydraulic springs consisting of
several vibration dampers. Comparison of calculation results obtained from the proposed
model with the results achieved by other authors (by other methods) shows sufficient accu-
racy for practical use (not exceeding 5 %) in comparison with the experimentally obtained
parameters. The model makes it quite easy to determine the amplitudes, half-periods, and
frequencies of system natural oscillations for further evaluation of the possibility of reso-
nant phenomena under subsequent external influences.

Keywords: variable scale method, mathematical model, pneumatic-hydraulic spring,
natural vibrations of the system, amplitude, half-period, frequency.



Ky3nenmoBa, M. I'. OcoOEHHOCTH SKCILTyaTallMy, JHUATHOCTUKU M IMPOTHO3U-
pOBaHUSL COCTOSHHS Kpemu BepTUKaldbHBIX cTBoioB mmaxT / M. I'. KysHenosna,
. A. Juynun // Mexanuka. UccnenoBanusi u unHoBauu. — 2020. — Bpm. 13. —
C. 68-80.

M. I KY3HEIJOBA', J. A. TUVJIHH?

'Benopycckuii 2ocyoapcmeennvlii ynusepcumem mpancnopma, Tomens, Benapycow
2040 «Tpecm Illaxmocneycmpoii», Conuzopck, Benapyce

OCOBEHHOCTH 3KCIJAYATALIMUU, TUATHOCTHUKHU
N MPOIHO3UPOBAHUA COCTOAHUA KPEIIN
BEPTHUKAJIBHBIX CTBOJIOB IIAXT

PaCCMOTpeHLI OCHOBHBIC HpO6J’IeMLI, BO3HHUKAKOUIUEC NpPU ISKCITyaTalliud CTBO-
JIOB 1IaxXT, BBIIIOJHCH 0630p METOJOB JUArHOCTUPOBaHUA, aHalInM3a U IPOTrHO3H-
POBaHUA Hecymeﬁ CITIOCOOHOCTH BCPTUKAJIbHBIX CTBOJIOB MIaXT, B TOM 4YHUCIIC C
MNPUMEHECHUEM KOMIIBIOTEPHOI'0O MOJCIUPOBAHU .

KiarwueBbie cioBa: BEPTUKAJIBHBIC MIaXThl, AWArHOCTHUKA MIPOYHOCTH, KOM-
NBIOTECPHOE MOACIUPOBAHUE CTBOJIOB IIAXT, NPOTHO3MPOBAHUEC CpOKa Oe3omacHoOU
OKCIUTyaTalluy IIaxT.

M. G. KUZNIATSOVA', D. A. DZIULIN?
'Belarusian State University of Transport, Gomel, Belarus
2JSC "Trest Shahtospecstroj”, Soligorsk, Belarus

SPECIFIC FEATURES OF OPERATION, DIAGNOSTICS AND
FORECASTING OF THE CONDITION OF VERTICAL SHAFTS LINING

The paper considers the main problems arising during the operation of mine
shafts, there is carried out the review of the methods for diagnosing, analyzing and
predicting the bearing capacity of vertical shaft shafts, including computer model-
ing application.

Keywords: vertical mines, diagnostics of strength characteristics, computer
modeling of mine shafts, forecasting the safe operation of mines.



Jleonenko, [I. B. CBoOonHbIe KONeOaHUSI TPEXCIOHHBIX CTEPKHEH C ydeToMm
Bsizkoro comnpotusieHus / JI. B. Jleonenko // MexaHnuka. MccienoBaHus U WHHO-
paiuu. — 2020. — Bem. 13. — C. 81-87.

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

CBOBOJIHBIE KOJIEBAHUSA TPEXCJIOMHBIX CTEPXKHEM
C YYETOM BA3KOI'O COIIPOTHUBJIEHUA

PaCCMOTpeHLI CBO6OZ[HI)I€ MONECPEYHBIC KoJleOaHus yrpyroro TpeXCJ’IOﬁHOFO
CTECPKHA CO CKMMAEMBIM 3allOJIHUTEIEM C YUCTOM CHJI BA3ZKOI'O TPEHUA. I[J'ISI OIlu-
CaHusA KUHEMATUKKU HECUMMETPUYHOI'O IO TOJJIIMHE MaKE€Ta NPUHATHI T'HIIOTE3bI
EepHynnH u Tumomenko. Cucrema ypaBHeHI/Iﬁ JIBUKCHUA BBIBEJICHA BapUalMOH-
HbBIM METOAOM I'amuiasTOHA. HOJ'Iy'-IeHI:I AHAJIMTUYCCKUEC PEIICHUA JId YacCTOT
CBO6OZ[HI)IX KoJeOaHUl M HCKOMBIX HepeMeH_IeHHﬁ.

KiawueBble cjioBa: ’I‘peXCJ’IOﬁHHﬁ CTCPKCHDb, 3aTyXaHHUC, CBO6OZ[HI)I€ KoJe0a-
HHA.

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

FREE VIBRATION OF THREE-LAYERED RODS
TAKING INTO ACCOUNT THE FORCES OF RESISTANCE

Free transverse vibrations of the elastic three-layered rod with a compressible
filler are considered taking into account the forces of viscous friction. To describe
the kinematics of a package asymmetric in thickness, the hypotheses of Bernoulli
and Timoshenko are adopted. The system of motion equations is derived by Ham-
ilton's variational method. The analytical solutions are obtained for the frequencies
of free vibrations and the desired displacements.

Keywords: three-layered rod, damping, free vibrations.



JlokTnonoB, A. B. Onenka >(QdekTuBHOCTH pPabOTHl MAaIIMHBI W HCHOJHU-
TEIbHOTO MEXaHHu3Ma C pe3noBbIMH auckamu / A. B. JloktuonoB // MexaHuka.
Uccnenosanus u unHoBanuu. — 2020. — Bem. 13. — C. 88-92.

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

OLHEHKA 29®EKTUBHOCTHU PABOTbBI MAIIWHBbI
N UCHHOJHUTEJBHOI'O MEXAHUM3MA C PE3HOBBIMU JUCKAMMU

PaccmatpuBaercst 3(dekTUBHOCTh HpUMEHEHUs KOMOallHa IpH NPOBENECHUH
BBIPaboTOK ceueHnem Mmenee 10 M. JlaHa KOHCTPYKTHBHas oleHKa 3(pQeKTHBHO-
CTH HMCHOJHHUTEIBHOI'0 MEXaHU3Ma C pPE3LOBBIMH JIUCKaMU. PeKOMEeHIOBaHO it
HCKJIIOYEHUS! KOHTAKTUPOBAHUSI OOKOBBIX TpaHeW paJualbHBIX PE3LOB C paspylla-
€MBIM MAacCHBOM YCTaHaBJIMBATh IOJ YIJIOM O IIMPHHE JIMCKa JIBa pe3la, KOTO-
pBIe mooYepeaHo paboTaloT OCHOBHBIMH OOKOBBIMHM T'pPaHSMH TOJBKO IPH OIpe[e-
JICHHOM TII€pPEeMEIICHUN HCIOJIHUTEIBHOrO0 OpraHa. YCTaHOBJIEHO, YTO MAIlWHBI C
MIPOJIOJILHO-OCEBBIMU PEXYIIUMH TOJOBKAMHU I1€JIeCO00pa3HO MOCPEICTBOM ChEM-
HBIX YCTPOWCTB OCHAILATh PA3JIMYHBIM PEXYIIMM HHCTPYMEHTaM IPUMEHHUTEIbHO
K OOJIBIIOMY JMana3oHy TOPHO-TEXHUYECKHX YCIOBHIA.

KiarueBble cioBa: HpOXOZ['-IeCKI/Iﬁ KOM6aﬁH, HUCIIOJTHUTENIbHBIN opraH, pese€l,
NMPpOU3BOAUTECIIBHOCT, SKOHOM MYECKaA 3(1)(1)6KTI/IBHOCTI).

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

EVALUATION OF OPERATION EFFICIENCY FOR A MACHINE
AND AN ACTUATOR WITH INCISORIAL DISCS

The mining heading machine use efficiency is considered at operation on
workings with a cross section of less than 10 m?. A constructive effectiveness as-
sessment of the actuator with cutting discs. To exclude the radial cutter side faces
contact with breakable land mass it is recommended to install two cutting discs at
an angle across the width, which in turn operate as the major side faces only at a
certain executive body displacement. It has been established that it is expedient to
equip with various cutting tools the machines with the longitudinal axial cutting
heads for a large range of mining and technical conditions.

Keywords: mining heading machine, actuator, cutter, productivity, economic
efficiency.



JlokTHOHOB, A. B. Kunemaruka pexyiiero MHCTpyMeHTa Hpu chepuueckom
JBHYKCHUHU UCIOITHUTEIBHOTO MEXaHHU3Ma Mpoxoadeckoro kombOaiina / A. B. Jlok-
tHOoHOB, A. A. Cugoposuu // Mexanuka. MccnenoBanuss u mHHoBanuu. — 2020. —
Bpm. 13. — C. 93-101.

A. B. IOKTHOHOB, A. A. CUJOPOBHUY
Bumebckuii 2ocyoapcmeennulii mexnonocuveckui yHusepcumem, Bumebck, benapyco

KHNHEMATHUKA PEXYIINEIO UHCTPYMEHTA
IPU COEPUYECKOM JIBUXEHUU
UCNOJHUTEJbHOIO MEXAHU3MA MTPOXOJYECKOTO KOMBAMHA

[Mpoananu3upoBaHbl METOAMKHN pacuéra KMHEMAaTHYECKUX MapaMeTpOB HCIIOJ-
HUTENBHBIX MEXaHM3MOB Npoxoaueckux kKomOaiHOB. [ToxyueHsl pacuérHble dop-
MyJbl JUISL ONpeAeleHUsT KHHEMaTHYeCKHUX XapaKTepUCTHUK IPOCTPAaHCTBEHHOTO
MEXaHU3Ma B C(HEpUUYECKOH CHUCTEeME KOOpIAMHAT. PaccMOTpeHbl KMHEMaTH4YEeCKUe
YIJIBI Pe3LOB, KOTOpbIE IpPH pa3pylICeHMH MaccHBa HE JOJDKHBI HPEBBINIATH HX
reoMeTpruuecKkue 3HaueHus. JlaHa cpaBHHTENIbHAas OLCHKAa METOIUK pacuéra KH-
HEMAaTHYECKNX XapaKTEPUCTHK C MCIIOJIb30BAaHHEM KHHEMATUYECKUX YpaBHEHUM
Dinepa ¥ MaTpUYHBIM MeToAOM. [IpoJeMOHCTPUPOBAHO, YTO PacdéT MaTPUYHBIM
METOJIOM II03BOJIIET CYLIECTBEHHO YIIPOCTHUThH Pacuér.

KiroueBble cjioBa: KUHEMaTHYECKUI pac'{éT, HUCITOJTHUTEIIbHBI A MEXaHU3M,
pe)KyIJ_II/Iﬁ HUHCTPYMCHT, cq)epn'{eacoe JABUXKCHHUC, ManI/I'-IHHﬁ METOI.

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

THE KINEMATICS OF THE CUTTING TOOL AT A SPHERICAL
MOVEMENT OF A MINING HEADING MACHINE ACTUATOR

The methods of calculating the kinematic parameters of actuators are analyzed.
The calculation formulas for determining the kinematic characteristics of the spa-
tial actuator operating in a spherical coordinate system are obtained. The kinemat-
ic angles of the cutters are considered, they should not exceed their geometric val-
ues when the mass is destroyed. There is given a comparative evaluation of meth-
ods for calculating the actuator kinematic characteristics using the kinematic equa-
tions and Euler formulas and matrix method. It is shown that the usage of the ma-
trix method can significantly simplify the calculation.

Keywords: kinematic calculation, actuator, cutting tool, spherical motion, ma-
trix method.



MapkaBuoB, A. A. CoBeplICHCTBOBAHUE TEXHOJOTHU aKyCTHKO-dMHCCHU-
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COBEPHIEHCTBOBAHHME TEXHOJOI'MHA
AKYCTHUKO-9MUCCUOHHOM TUATHOCTUKHU
HOJMMUITHUKOBBIX Y3JI0B IMTOJABUKHOI'O COCTABA

B pabore paccMoTpeHBI MpoOJIeMbl THMATHOCTUKU COCTOSIHUSI OYKCOBBIX Y3JIOB,
000CHOBAaHO MPHUMEHEHUE METOJa aKyCTHUYECKOW 3MHCCHHU [l UX Hepa3pyliaro-
mero KoHTpois. B moamakere Static Structural HHXXEHEpPHOro0 MPOrPAMMHOTO
komiuiekca ANSYS BBINOJHEHO KOMIBIOTEPHOE MOJEIUPOBAHHUE HAMPSIKEHHO-
neopMUPOBAHHOTO COCTOSHUS MOJIIUITHUKOBOTO y3JIa TOJ JSHCTBUEM COOTBET-
CTBYIOIIEH peajbHOW OSKCIIyaTallMOHHOW Harpy3ku. OmpeaeneHbl JOKaJIbHbIE
00JIaCTH TOBBIIICHHBIX HAMPSDKCHUH ISl MOCIEAYIONleld YyCTAaHOBKH B HUX JTaT4H-
KOB aKyCTUUYECKOW IMHUCCHUH.

KiaroueBble cJjioBa: MOJIBMXHOW cocTaB, OYKCOBBIH Yy3en, HepaspyLIaroliuit
KOHTpPOJIb, HaNpsSKEHHO-I1e()OPMUPOBAHHOE COCTOSIHHE, aKyCTUKO-DMHCCHOHHAs
JIMarHOCTHKA.

A. A. MARKAUTSOU"?, A. U. HALADZILAU?, M. G. KUZNIATSOVA?
'Construction-technological centre of Belarusian Railway, Minsk, Belarus
*Belarusian State University of Transport, Gomel, Belarus

IMPROVEMENT OF AN ACOUSTIC-EMISSION DIAGNOSTICS
TECHNOLOGY FOR THE ROLLING STOCK BEARING UNITS

In the paper the problems of the axle boxes state diagnosing are considered,
the acoustic emission method application for their non-destructive testing is rea-
soned. There was performed a computer simulation of the bearing axle stress-
strain state under the action of the load corresponding to real operating conditions
using the Static Structural subpackage of the ANSYS engineering software com-
plex. Local areas of increased stress are deter-mined for the subsequent installa-
tion of acoustic emission sensors in them.

Keywords: rolling stock, axle box unit, non-destructive testing, stress-strain
state, acoustic emission diagnostics.



MycaumoB, A. II. HccrnenoBanre aBTOMaTUYECKONH CUCTEMBI PETyIUPOBAHUS
3a30pa TUIPOCTATUUYECKUX HAMpaBigloNIuX ToKapHoro cranka / A. Il. Mycinumos,
A. A. Anmac6ekos, P. H. Ackap6ekoB // Mexanuka. MccnenoBanus 1 HHHOBAITUU. —
2020. — Bem. 13. — C. 108-115.

A. II. MYCIIUMOB, A. A. AJIMACBEEKOB, P. H ACKAPBEKOB
Kuipevizckuii 2ocyoapcmeennulii mexnuueckutl ynusepcumem um. M. Paszzakosa,
buwrxex, Kvipeviscman

UCCJEJOBAHUE ABTOMATHYECKOW CUCTEMBI
PET'YJIUPOBAHHUA 3A30PA
I'MAPOCTATHYECKHUX HAINIPABJAIOIUX TOKAPHOI'O CTAHKA

BaxxHBIM BOMPOCOM MpPH MPOCKTUPOBAHMU CTAHKOB, MPEIHA3HAYCHHBIX IS
(¢uHHUITHONH 00pabOTKHU JeTalei, SBIseTCs CTaOMIIM3aIus 3a30pa B THIPOCTATHUEC-
CKHX HANpPaBJSIONIMX TOKAPHOTO CTaHKa, KOTopas oOecleunBacT TOYHOCTH O0Opa-
OOTKM H3JCIUN U YBEIMYUBACT MPOM3BOAUTEIBLHOCTh Tpyda. [IpencraBieHa Ma-
TeMaTuieckas MOJIeNib pa3pabOoTaHHOW aBTOMATHYECKOW CHCTEMBI PETyIUPOBaHMU
3a3opa. [IpuBeneHbl pe3yNbTaThl pacuera, JIeMOHCTpUpyiolre 3(PpPEeKTHUBHOCTH
pa3paboOTaHHON CHCTEMBI.

KiaroueBble cioBa: THIpPOCTAaTHYECKHE HANpPaBISIONUE, 3a30p, THIPOCYII-
MOPT, PEryIsiTOpP Pacxola, YCUIUTENb.

A. P. MUSLIMOYV, A. A. ALMASBEKOYV, R. N. ASKARBEKOV
Kyrgyz State Technical University named after 1. Razzakov, Bishkek, Kyrgyzstan

RESEARCH OF THE AUTOMATIC CLEARANCE REGULATION
SYSTEM OF LATHE HYDROSTATIC GUIDES

An important issue in the design of machine tools for finishing parts is the sta-
bilization of the gap in the hydrostatic guides of the lathe, which ensures the accu-
racy of processing products and increases labor productivity. The paper presents a
mathematical model of the developed gap regulating automatic system. The calcu-
lation results are presented, they demonstrate the effectiveness of the developed
system.

Keywords: hydrostatic guides, gap, hydraulic support, flow regulator, amplifier.



HectepoBuu, A. B. PanuanbHoe W TaHreHIHMAIbHOE HEOCECUMMETPUYHOE
Harpy>keHue KpyroBoi TpexcioifHoil mimactunsl / A. B. HecrepoBuu // Mexanuka.
Uccnenopanusa u unHoBamuu. — 2020. — Bem. 13. — C. 116-121.

A. B. HECTEPOBHUY
Benopycckuii eocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBenapyco

PAJUAJBHOE U TAHTEHIIUAJIBHOE HEOCECUMMETPUYHOE
HAT'PYKEHUE KPYTOBOWM TPEXCJOWHOM TIJIACTUHBI

UccnenoBano nedopMupoBaHUE TPEXCIOWHOW KPYroBOW IJIACTHHBI IOJ JeH-
CTBHEM HEOCECUMMETPHUUYHBIX paJHalbHBIX U TAHTE€HIMAJIBHBIX HArpy30K, IpHIIO-
KEHHBIX K CPEJIMHHOHN IJIOCKOCTH 3amoyiHuTens. [IpuBenena cucrema nuddepen-
LUaJbHBIX ypaBHEHMI paBHOBecus M MeTogoM Dypbe AN IIACTHUHBI C 3aKpen-
JIEHHBIM KOHTYPOM IOJYy4€HO pEeLIeHHe IJIs CiIydash Harpy3okK, U3MEHSIOHNIUXCS IO
CHHYCOUJAIbHOMY 3aKOHY. YUTEHO BJIHSHUE TEMIEpaTypbl Ha yNpyrue XapakTe-
PUCTHKM MaTepHalloB cioeB. IIpoBeneH YMCIEHHBIN aHAIU3 PEIIECHUs.

KiawueBbie cjoBa: TpeXCJ’IOﬁHaSI KpyroBasd InJlaCTUHA, HEOCECCUMMETPUUYHOC
Harpy>X€Hue, paaualibHas HarpyskKa, TaHICHIUAJIbHAsA Harpyska, TeMueparypa.

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

RADIAL AND TANGENTIAL NON-AXISYMMETRIC LOADING
OF A CIRCULAR THREE-LAYERED PLATE

There is investigated a deformation of a three-layered circular plate under the
action of nonaxisymmetric radial and tangential loads applied to the median plane
of the filler. A system of equilibrium differential equations is presented, and its
solution is obtained using the Fourier method at a constant amplitude of loads and
a fixed contour of the plate. The influence of temperature on the elastic character-
istics of the materials of the layers is taken into account. Numerical testing was
carried out.

Keywords: three-layered circular plate, non-axisymmetric loading, radial load,
tangential load, temperature.



Pomanenko, B. P. JlebopMupoBaHue KpUBOJIMHEHWHBIX y4aCTKOB XeJIE3HOJO-
pPOXKHOrO MyTH MOJX BO3AcicTBUEM moABHXXHOTro cocraBa / B. P. Pomanenko,
A. b. Hes3oposa // Mexanuka. UccnenoBanus u unHoBanuu. — 2020. — Bem. 13. —
C. 122-127.

B. P. POMAHEHKO, A. 5. HEB30OPOBA
Benopycckuii cocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBerapyce

JTE®OPMUPOBAHUE KPUBOJUHENHBIX YYACTKOB
KEJE3ZHOAOPOXHOI'O IIYTHU
Mo/l BO3JAEMCTBUEM MOJABUKXHOIO COCTABA

[lpuBeneHsl cucTeMaTH3alus NaHHBIX W aHAaIW3 NPUYMH aeGopMaluu u OT-
KJIOHCHHUsSI OT MPOCKTHBIX 3HAYECHUU KPUBH3HBI KEIE3HOJOPOXKHBIX MyTed Ha be-
JIOPYCCKOU jKelie3HoM mopore. [IpoieMOHCTPUPOBAHO, YTO COYETAHHE HECKOJIBKUX
BHJIOB nedopManuii Ha OONBIIOM KOJIMYECTBE KPHUBBIX BBI3BIBACT JIOTOIHUTEIh-
HbIC UHAMUYECKHE BO3JCUCTBUS HAa MyTh M MOJBWXXHOW cocraB. Pa3paboraHbl
MPEITIOKCHUS 110 OpraHU3allMU MPOBEICHUS BBIMPABOYHBIX PAa0OT ¢ MPUMEHEHUEM
BBITIPABOYHO-TIOI0MBOYHO-PUXTOBOYHBIX MamuH Tuna BIIP 06e3 u3mepurenbHO
MOE3JKK MO MPEIBAPUTEIBLHO PACCUYUTAHHBIM U CKOPPEKTUPOBAHHBIM JIAHHBIM.
OrmpenerneHa Moclie0BaTeIbHOCTh MOJATOTOBKU JaHHBIX s MamuH BIIP mo mpu-
BEJICHUIO KPUBBIX B MPOCKTHOE MOJIOKEHHE.

KnioueBbie ciioBa: myteBble pabOThl, KDHBOJIMHEHHBIE y4acTKH, 1e()OPMUPOBAHHUE.

V. R. ROMANENKO, A. B. NEUZORAVA
Belarusian State University of Transport, Gomel, Belarus

DEFORMATION OF RAILWAY TRACK CURVED SECTIONS
UNDER THE ROLLING STOCK INFLUENCE

Data systematization and analysis of the causes of deformation and deviation
from the design values of the railway tracks curvature on the Belarusian railway are
presented. It is established that the combination of several types of deformations on
a large number of curves causes additional dynamic effects on the track and on the
rolling stock. There was developed the proposals for the organization of straighten-
ing operations with the use of a VPR-type machine without a measuring trip based
on pre-calculated and corrected data. The sequence of data preparation for VPR ma-
chines for bringing curves to the design position is determined.

Keywords: track works, curved sections, deformation.



Caxapos, II. A. PacueTHO-3KCIEpUMEHTANbHBIN METOJ HMCCIEIOBAHUS MPO-
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1. A. CAXAPOB

benopycckuil eocydapcmeennuiii ynueepcumem mpatrcnopma, I'omens, benapyce

PAC‘IETHO-3!'(CHEPI/IMEHTAJIBHBII7‘I METOA UCCJIEJOBAHUS
nPOJOJBHOU JTUHAMMWKU ITOE3JA

IIpennoxena Mozaenb MPOJOJILHOM AUHAMUKH I0€3]1a, YYUTBIBAIOIAs KOHTAKTHOE B3a-
UMOJICIiCTBHE aBTOCLENOK U peaau3oBaHHas B mporpaMMHoM Kkomiuiekce MSC.ADAMS.
Pa3pabotanHass MozieNIb II03BOJISET YYHUTHIBATh YHPYTO-AUCCHIIATHBHBIC CBOMCTBA KaXK/OTO
MOIJIONIAIOUIEr0 anmnapara BarOHOB, MOJEIUPOBATh CUTYAalUM HUX 3aKIMHUBAHUS, YYUTbI-
BaTh 3a30pbl MEX/ly aBTOCIIENKAMH U B COCAMHEHMSIX C TATOBBIMU XOMYTaMH, oOecrieunBast
HauaJbHble IApaMeTpbl CXKATOr0 HIM PacTSIHYTOro mnoes3fa. sl MOBBIIIEHHS TOYHOCTU
pacyeToOB IPEIOKEH PACUETHO-OKCIICPUMEHTAIBHBIH METOA HACHTH(HUKAIIMU CHIIOBBIX
XapaKTEepPUCTUK IOIJIONAIONIIMX AaNlapaToB, IO3BOIOIIMI Ha OCHOBaHUU pE3YJIbTaTOB
JMHAMUYECKUX U CTAaTHYECKUX HCHBITAaHUH aMOPTH3aTOpPOB pa3pabaTbiBaTh UX MaTeMaTH-
yeckue Mopenu. Iloka3aHo, 4To nIpepiaraeMoe HpPUBEICHHE PACUETHBIX BBIPKEHUH K
YHU(GHUIUPOBAHHOMY BHUJy YIPOLIACT AITrOPUTM YHCIEHHOW peamusanuu. [IpencrasieHo
CpaBHEHHE PEe3y/lbTaToOB pacyeTa JUHAMUYECKOrO B3aUMOJCHCTBUS BaroHOB, BHINOIHEHHO-
ro 1O pa3pabOTaHHOH MOJEINH, C IKCIICPUMEHTAIBHEIMYU JAaHHBIMHU, KOTOPOE IT0KA3aJlo BbI-
COKYIO0 TOUHOCTb PE3yJIbTaTOB MOJAEIUPOBAHHUS.

KinoueBbie cjioBa: MOACIMPOBaHUE JBIDKCHUS MOE3[a, IPOJOJIbHAS CUIIA, HOIIIOLIAK-
Ui anmapar, yHU(GHUIMPOBAHHAS MOJEIb.

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

CALCULATION AND EXPERIMENTAL METHOD
FOR TRAIN LONGITUDINAL DYNAMICS RESEARCH

A model of the train longitudinal dynamics implemented in the MSC.ADAMS software
package is proposed and it takes into account the contact interaction of automatic cou-
plings. The developed model makes it possible to take into account the elastic-dissipative
properties of each draft gear of the cars, to simulate the situations of their jamming, to take
into account the gaps between automatic couplings and in the joints with traction clamps,
providing the initial parameters of a compressed or stretched train. To improve the accuracy
of calculations, a computational-experimental method for identifying the power characteris-
tics of damper device is proposed. It allows to develop their mathematical models based on
the results of dynamic and static tests of shock absorbers. It is shown that the proposed
reduction of the calculated expressions to a unified form simplifies the algorithm for nu-
merical implementation. There is presented a comparison of the results of the cars dynamic
interaction calculating, performed according to the developed model, with experimental
data, which showed the high accuracy of the simulation results.

Key words: train motion simulation, longitudinal force, damper device, unified model.
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yepe3 TpexcioiHyto miactuny / O. WM. CrapooiitoB // Mexanuka. HccienoBanus
u u"HoBanmu. — 2020. — Bem. 13. — C. 141-146.

3. H. CTAPOBOHTOB
Benopycckuii eocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBerapyce

W3MEHEHUE HEMTPOHHOI'O MOTOKA
MPU MPOXOXKJEHAW YEPE3 TPEXCJOMHY IO MJIACTUHY

PaccmoTpeHO M3MeHEHHE BEMYMHBI MHTErPaIbHOIO0 HEHTPOHHOTO IMOTOKA HpHU
MPOXOXKJIEHUU 4Yepe3 YIPYIyl TPeXcClIoWHyro ImiacTuHy. COrjacHO S3KCIIEpUMEH-
TaJIbHBIM JaHHBIM INPUHSATO, YTO IPH MalbIX AeopMalusx H3MEHeHHe o0beMa
Marepuana MpsSMO MPOMOPIUOHAIBLHO HHTETPaIbHOMY HEWTPOHHOMY IIOTOKY.
3aryxaHue MOTOKa NPU HPOXOXKIECHUU 4Yepe3 MaTepuallbl CJIOEB NPUHATO SKCIIO-
HeHIUadbHBIM. [losydeHbl pacyeTHble (OPMYJBI IJIsl ONpENENeHUs] MHTErpaltbHO-
ro HEWTPOHHOTO MOTOKA B CJIOSIX IUIACTHUHBI. [IpuBeNeHbl pacueTHbIE 3aBUCHMOCTH.

KuaroueBble ciioBa: TpexciioliHas IUIACTHHA, YNPYrocTh, HEHTPOHHBIH IOTOK,
3aTyXaHHe.

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

CHANGE IN THE NEUTRON FLUX
AT PASSING THROUGH A THREE-LAYERED PLATE

The change in the integral neutron flux value at its passing through an elastic
three-layered plate is investigated. According to experimental data, it is assumed
that for small deformations, the change in the material volume is directly propor-
tional to the integral neutron flux. The flow damping at passing through the layers’
materials is assumed to be exponential. There are obtained the formulas for
changes in the integral neutron flux in the plate layers. Calculation dependencies
are given.

Keywords: three-layered plate, elasticity, neutron flux, attenuation.
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I. II. TAPUKOB', E. M. AKVJIOBA?

'Benopycckuii 20cydapcmeennviii ynueepcumem mpancnopma, ITomens, Benapyce
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ONPEJAEJEHUE TPEHMHOCTOMKOCTHU PEJbLCA
MPU ETO KOHTAKTHOM B3AUMOJIEUCTBUAUA C KOJIECOM

Pemaercst 3amaua 00 ONpeAeNeHUH TPEUIMHOCTOMKOCTH peiibca B CHCTEME
«penbc — Kojeco». IIpuBOIUTCS CHOCOO OHmpeneNeHUs TPEIUHOCTOMKOCTU PEllb-
ca, YYUTHIBAIOIIMHA KOHTAKTHBIH XapakTep B3aMMOICHCTBHS peiibca U KoJjeca.
DTOT cocod OCHOBaH HAa COBMECTHOM HCIIOJIb30BAHUU TEOPUM KOHTAKTHBIX 3ajad
U MEXaHUKH paspyueHus. [IpencraBieH 4uCIOBOW mpuMep.

KirwueBble cioBa: KOJIECO, pCJIbC, KOHTAKTHAasA 3ajayda, KOB(I)(I)I/II_II/ICHT HUHTCHCHUB-
HOCTH HaHpSI)I(eHPIﬁ, TpeHlHHOCTOﬁKOCTL.

G. P. TARIKOV', E. M. AKULOVA?
Belarusian State University of Transport, Gomel, Belarus
2Sukhoi State Technical University of Gomel, Gomel, Belarus

DETERMINATION OF RAIL CRACK RESISTANCE
IN ITS CONTACT WITH WHEEL

The problem of determining the rail crack resistance in the "rail-wheel" system
is solved. A method for determining the rail crack resistance is given, taking into
account the contact nature of the rail-wheel interaction. This method is based on
the combined use of the theory of contact problems and fracture mechanics. A
numerical example is presented.

Keywords: wheel, rail, contact interaction, stress intensity factor, crack re-
sistance.



OCOOCHHOCTH OMpeNeNicHUsT MOTeph B MAallOPACXOJHBIX HACOCAX JHEpPreTHye-
ckux cucteM kocmuueckux amnmapatoB / E. B. ®anbkosa, JI. II. HazapoBa, A. A.
3yeB, A. A. Apuaronpa, H. A. Jlanuno // Mexanuka. MccienoBaHuss U HWHHOBa-
. — 2020. — Bem. 13. — C. 154-158.

E. B. ®AJIBKOBA', JI. Il. HA3APOBA', A. A. 3VEB', A. A. APHT'OJIB]]*,
H. A. JAHUJIOB'
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OCOBEHHOCTH ONPEJAEJEHHUA NNOTEPH
B MAJIOPACXOJHBIX HACOCAX DHEPITETHYECKHUX CUCTEM
KOCMHUYECKHUX AIIIIAPATOB

HpOBeZ[CH aHaJu3 PCXKUMHBIX IMapaMETPOB MaJIOpaCXOAHBIX I_IeHTp06e)KHI>IX
HACOCOB HCIIOJIb3YEMBIX B JHEPICTHUYECKUX CUCTEMAX JICTATCIbHBIX U KOCMHYEC-
CKHUX alIaparax. C YU4E€TOM HCIIOJIB3YEMBIX pa6o'{1/1x TE€JI W Juana3oHa TEMIIEpa-
TYPHOI'O pEXHUMa BBIABJIICHO, YTO B IIOJIOCTH MEXKAY pa60'—II/IM KOJIECOM U KOpITy-
COM HacocCa peain3yeTrcsa JIaMHUHApHOC BpallaTCJIbHOC TEUYCHUC. Pa3pa60TaHa M¢C-
TOAHKA ONPEACICHUA NOTEPhL MOMIHOCTU Ha JUCKOBOC TPECHUEC pa6o'{ero KoJeca.

KuoueBbie cJioBa: JUCKOBOE TPEHHE, OaJaHC MOIIHOCTH, MallOPacCXOJHBIN
HEeHTPOOSKHBIN HACOC, TUHAMHYECKUN MPOCTPAHCTBEHHBIA MOTPAHUYHBIN CIIOH.

E. V. FALKOVA', L. P. NAZAROVA', A. A. ZUEV', A. A. ARNGOLD?, N. A.
DANILOV'

'Reshetnev Siberian State University of Science and Technology, Krasnoyarsk,
Russia

2JSC "Krasnoyarsk Machine Building Plant", Krasnoyarsk, Russia

DETERMINATION OF LOSSES IN THE LOW MASS FLOW RATE
PUMPS AND ENERGY SYSTEMS OF SPACE VEHICLES

The operating parameters analysis for the low-consumption centrifugal pumps
used in aircraft and spacecraft power systems is carried out. Taking into account
the used working bodies and the temperature range, it was found that a laminar
rotational flow is realized in the cavity between the impeller and the pump body.
A method for determining the power loss due to the impeller disk friction is de-
veloped.

Keywords: disk friction, power balance, low-flow centrifugal pump, dynamic
spatial boundary layer.
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C. 159-165.
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PACYET CPEACTB KPEIIVIEHUA CTPOUTEJIBHBIX I'PY30B
HA COBPEMEHHBIX BAI'OHAX COYWJIEHEHHOI'O THIIA

BrimonHeH aHanmM3 crnoco0OB pasMEIleHHs M CPENCTB KPEIUIEHUS pa3lIMuyHbIX
CTPOMTENIEHBIX T'PY30B IIpH IIEPEBO3KE B COBPEMEHHBIX Baronax. PaccmorpeH Bapu-
aHT TOTPY3KH MOJJIOHOB C KEpaMHYECKOH IUIMTKOH M KPEIJIeHHWS UX C HOMOILIBIO
nmHeBMooOosouek B 20-QpyToBoM KOHTeHHepe. PaccMOTpeHbl 0COOEHHOCTH Kperie-
HUSI CTPOUTEIBHBIX KOHCTPYKIMH Ha BaroHax-maropMax COWICHEHHOIO THIIA.

KiawueBbie cjoBa: CTpOI/ITeJ'II)HHﬁ T'py3, BaroHbl COYJICHCHHOI'O THIIA, KPCII-
JICHUEC.

0. S. CHAGANOVA, T. I. BYSTRANKOVA, K. V. MIANSHOVA
Belarusian State University of Transport, Gomel, Belarus

CALCULATION OF FASTENING MEANS FOR CONSTRUCTIONAL
CARGOES TRANSPORTATION ON MODERN ARTICULATED CARS

The analysis of placement methods and fastening means for different construc-
tion cargoes at their transportation by modern railway cars is carried out. There is
considered the loading of car by pallets with ceramic tiles and their fastening us-
ing airbags in the 20-foot container. The features of constructional cargoes fas-
tening on modern articulated cars are considered.

Keywords: construction cargoes, articulated rail cars, cargo fastening.
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OIEHKA NIPUMEHUMOCTH MOJEJIX BUHKJIEPOBA OCHOBAHUA
JJIs1 AHU3O0TPOIIHOI'O ITOKPBITU A

B ocecuMMeTpUYHOH NOCTaHOBKE C HCIONB30BAHHEM HHTErPaNBHOrO Npeodpaso-
BaHMs XaHKeJs MOJY4eHO PEeIICHHE 3aJa4d TEOPUU YIPYroCTH O NEHCTBHU pacipene-
JICHHOW Harpy3KM Ha IOKpBITHE, 00pa3oBaHHOE TPAHCBEPCAIbLHO H3OTPOIHBIM MaTe-
pHaIoM, KOTOPOe HaXOJUTCS Ha M30TPOIHOM OCHOBaHWH. IIpemioxkeH BapuaHT pelie-
HUS 33Ja4d C IOMOINBIO YHPOILIEHHOH MOJENH, TAe Ul ONHCAaHHsS Ae(OpMHPOBAHUS
MOKPBITHS UCIIONB3YeTCsl MOAeb BHHKIepa, a OCHOBaHHME pacCMaTPHBAETCS KaK HM30-
TPOIHOE IIOJIYIPOCTPAHCTBO, HArpy3KH Ha KOTOpOE IIepelaloTcsi 0e3 HM3MEHEeHHWil ¢
BHEIIHE# MHOBEpXHOCTH MNOKPHITUS. IIpoBeaeH CpaBHUTENBHBIN aHAIN3 Pe3yIbTAaTOB
UCIIOJIb30BAaHUSI MOJENM BHHKIEpa M TOYHOTO PEIICHHs, OCHOBAHHOI'O HAa WHTErpajb-
HOM IIpeo0pa3oBaHMH.

KuaroueBble ciaoBa: ynpyruil cioif, TpaHCBepcalbHO-U30TPOIHBIA MaTepual, oce-
CHUMMeTpHYHas ocTaHoBKa, GyHkuus JIsBa, mpeoOpazoBanue XaHkess, Mojens Bunkiepa.

D. A. CHARNAVUS', A. V. KADNIANKA?

'Belarusian State University of Transport, Gomel, Belarus

2JSC "Soligorsk Institute of Resources Saving Problems with Pilot Production", Soli-
gorsk, Belarus

ESTIMATION OF THE APPLICABILITY OF THE WINKLER BASE MODEL
FOR ANISOTROPIC COATING

A solution to the elasticity theory problem about the distributed load action on a
located on an isotropic base coating formed by a transversely isotropic material is ob-
tained in an axisymmetric formulation using the Hankel integral transform. There is
proposed a variant of problem solving using a simplified model, where the Winkler
model is used for the coating deformation description and the base is considered as an
isotropic half-space loaded by the transferred without changes from the coating outer
surface loads. The results comparative analysis is carried out for the Winkler model
and the exact solution based on the integral transformation.

Keywords: elastic layer, transversally isotropic material, axisymmetric formula-
tion, Lyav function, Hankel transform, Winkler model.



IllumanoBckuil, A. O. BausHue ycinoBuil 3akperuieHUss KOHTYpa COHJBUY-
naHejged Ha WX HampsyKeHHO-IedopmupoBaHHoe cocrostHue / A. O. IllumaHoB-
ckuii, . E. KpakoBa // Mexanuka. UccnenmoBanus u wuHHOBammu. — 2020. —
Bem. 13. — C. 183-188.

A. O. IIHMAHOBCKHH, U. E. KPAKOBA
Benopycckuii eocyoapcmeennviii ynusepcumem mpancnopma, Iomens, bBerapyco

BJIASTHUE YCJIOBUAM 3AKPEIIJIEHUS KOHTYPA COHABUY-IIAHEJENA
HA UX HANPAXKEHHO-JE®OPMHUPOBAHHOE COCTOAHHUE

C NOMOIIBI0 KOHEYHO-3JIEMEHTHOTO MOJEIMPOBaHUS B Cpele MPOrpaMMHOIO
komiuiekca ANSYS ananusupyercst HanpsiKeHHO-Ie(QOpMUPOBAHHOE COCTOSHHE
NPSIMOYTOJIbHBIX TPEXCIOWHBIX IIACTUH HpH AEHCTBUU PaBHOMEPHO paclpee-
JIEHHOTO JaBJEHHUs. 3ajada peuraercs B yNpyrod MOCTAHOBKE C Y4ETOM TI'€OMET-
puueckoil HenmuHeHHOCTH. PaccmarpuBaercs BiMsHUE Ha JAe(POpMalUU KOHCTPYK-
LMY Pa3IUYHBIX BapUAaHTOB HIAPHUPHOrO 3aKpEMJICHUs KOHTYpa COHABUU-TaHENeH
IIPU HAJIMYHMH JKECTKOH auadpparMel u Oe3 Hee.

KirwueBble cjoBa: COHJBUY-IIaHCIIb, Hal'[pf[)KeHHO—I[e(bOpMI/IpOBaHHOG COCTO-
SAHUE, 3aKPCIUICHUEC KOHTYpa.

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

INFLUENCE OF THE SANDWICH PANELS’ COUNTOUR FIXING
CONDITIONS ON THEIR STRESS-STRAIN STATE

The stress-strain state of rectangular three-layered plates under the action of a
uniformly distributed pressure is analyzed with the help of finite element model-
ing in the ANSYS software package environment. The problem is solved in an
elastic formulation, taking into account geometric nonlinearity. The article consid-
ers the influence of various options for hinged fixing of the sandwich panels con-
tour with and without a rigid diaphragm on the structure deformation.

Keywords: sandwich panel, stress-strain state, contour fixing.



SAxy6oBuy, O. U. AHanu3 NpPOYHOCTH y3/1a COUIEHEHUsS CTPENbl MOJbEMHO-
TpaHciopTHOil MammHbl / O. U. Sxy6ouu, A. O. IllumanoBckuit / MexaHuka.
Uccnenopanusa u unHoBamuu. — 2020. — Bem. 13. — C. 189-193.

O. U. AKYEOBHY, A. O. IIHMAHOBCKHH
Benopycckuii eocyoapcmeennwiii ynusepcumem mpancnopma, Iomens, bBerapyco

AHAJIM3 MPOYHOCTH Y3JA COYJIEHEHUA
CTPEJIbI HOABEMHO-TPAHCIIOPTHON MAIIIW HBI

AHaTUTHYECKUM CIIOCOOOM U MYTEM KOHEYHO-3JIEMEHTHOTO MOJCITUPOBAHUS C
MpUMEHEHUEM MporpaMMHoro komiiekca ANSYS BBINOJHEH aHaIu3 HaNPsHKEHHO-
e OPMHUPOBAHHOTO COCTOSIHUSL y3J1a COCAMHEHUS THUIPOIMIIMHApPA CO CTPEJoH,
yIep:KUBAIOUIEH JIOJIbKY TOJBEMHOro KpaHa. [loka3aHo, 4TO yCTalOCTHOE paspy-
IIEHHE KOHCTPYKIMM BO3MOXXHO HE TOJBKO MPHU TMOJOXKEHHUSIX CTpPEIbl, COOTBET-
CTBYIOIIUX €€ HAauOONbIIEMYy JTOMYyCKaeMOMY BBLICTY.

KiwueBbie cjoBa: CTpeJ’IOBOﬁ KpaH, y3€1 COCAUHECHHUSA, YCTAJIOCTHOE pa3py-
IEHUE, KOMIIBIOTEPHOE MOJICIUPOBAHUE.

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

STRENGTH ANALYSIS FOR THE BOOM JOINT NODE
OF LIFTING AND TRANSPORTATION MA CHINE

The stress-strain state analysis for the node joint of hydraulic cylinder and the
boom holding crane cradle was carried out analytically and by means of finite
element modeling in the ANSYS software package. It is shown that fatigue failure
of a structure is possible not only at boom positions corresponding to its maximum
allowable outreach.

Keywords: jib crane, joint unit, fatigue failure, computer simulation.



AaumkyiaoB, M. M. [loBbimieHne TpeOOBaHMH K KOHCTPYKIUH BEPXHErO
CTpOEHHUA MyTH Kelae3Hsix gopor / M. M. AnumkynoB, b. A. MaxaHos,
b. A. Xaiimaran6eroB // Mexanuka. MccinemoBanus u umHHOBanuu. — 2020. —
Beimn. 13. — C. 194-197.

M. M. AJIHIMKYJIOB, B. A. MAXAHOB, B. A. JXAUMAT AHFEETOB

Kasaxckas axkademus mpancnopma u kommynuxayuti um. M. Teimviunaesa,
Anmamul, Kazaxcman

MOBBIIIEHUE TPEBOBAHUN K KOHCTPYKIIUA
BEPXHEI'O CTPOEHHUA IIYTHU KEJE3HBIX JOPOI'

BrinmonHeH aHanlu3 KOHCTPYKIMI BEPXHETO CTPOCHHUS IMYTH, XapaKTEPHBIX IS
*Kene3Hbix gopor Eeponbl u CeBepHolt AMepuku. PaccMmaTpuBaloTCs TEXHUUYECKHUE
pelleHusl, TMO3BOJISIONIME YMEHBIINTh YJEIbHOE JAaBICHHE Ha BEPX 3EMJITHOrO
MOJIOTHA MPHU YBEJIUUYEHUH WHTEHCHUBHOCTHU JKCILTyaTallMU KEJIE3HBIX JOPOT.

KirwueBble cioBa: )KeJ'Ie3HOZ[OpO)KHI:Iﬁ IyTb, BEPXHEE CTPOCHUEC IIYTH, ba-
JIacT, 3€MJIIHOC IIOJIOTHO, ZLC(I)OpMaI_II/ISI 3CMJISIHOI'O I10JIOTHA.

M. M. ALIMKULOV, B. A. MAKHANOV, B. A. ZHAYMAGANBETOV
Kazakh Academy of Transport and Communication named after M. Tynyshpaev,
Almaty, Kazakhstan

INCREASING IN REQUIREMENTS TO THE TOP STRUCTURE
OF THE RAILWAY TRACKS

The analysis of the track superstructure, typical for the Europe and North America
railways is carried out. There are considered the technical solutions, allowing to re-
duce the specific pressure on the top of the roadbed with the increasing in the opera-
tion intensity of railways.

Keywords: railway track, track superstructure, ballast, subgrade, deformation of
subgrade.



CoOBEpIICHCTBOBAaHUE METOJUKU U3MEPEHUS KPYTIIIEro MOMEHTa MHpPHU HCIIbI-
TaHUSX HAcOCOB JBUTaTelel jerarenbHbix ammaparoB / JI. II. Hazapoma, . A.
Capuun, E. B. ®anbkoBa, JI. C. IllIBenoBa // Mexanuka. McciaenoBaHuss U HHHO-
paruu. — 2020. — Bem. 13. — C. 198-200.

JI. II. HA3APOBA, J]. A. CABYHUH, E. B. ®AJIbKOBA, J]. C. IIIBEIJOBA
Cubupckuii 20cy0apcmeenHviil YHU8epCumem HAyKu U mexHonoeull
um. akao. M. @. Pewemnesa, Kpacnospck, Poccus

COBEPIIEHCTBOBAHUE METOIUKH U3MEPEHMUA
KPYTAIIEIO MOMEHTA IIPU UCHIBITAHUAX
HACOCOB JIBUTATEJIEM JETATEJBHBIX ANIIIAPATOB

PaCCManI/IBaIOTCSI NpEAJIONKEHNUA MO YCOBCPUHICHCTBOBAHUIO ME€TOJAa H3MEPE-
HUA KPYyTAWIETr0O MOMEHTAa IHpPU MOPOBEACHHUU THUIAPOJUHAMHUYCCKUX HUCTIBITAHU T
HACOCOB XUAKOCTHBIX PAKETHBIX I[BHFaTeﬂeﬁ.

KuiioueBble cJioBa: CTEHJ UCIBITAHUS HACOCOB, OalaHCHpHAs pama, perTepHOe
YCTPOUCTBO, KPYTSIIMHA MOMEHT, TOPCUOHHBIHM Bal.

L. P. NAZAROVA, D. A. SAVCHIN, E. V. FALKOVA, D. S. SHVETSOVA
Reshetnev Siberian State University of Science and Technology, Krasnoyarsk,
Russia

IMPROVEMENT OF THE TORQUE MEASUREMENT METHOD
FOR TESTING AIRCRAFT ENGINE PUMPS

The paper considers the proposal of improving the method of torque measure-
ment during the hydrodynamic tests of liquid rocket engines’ centrifugal pumps.

Keywords: pump test stand, balanced frame, rider bed, torque, torsional shaft.



JluHamuyeckas Mojellb MHeBMoruapasiundeckod peccopsl / II. B. CuporuHn,
B. H. Koxanenko, C. U. Esrymenko, A. 1. Konnparenko // Mexanuka. Uccneno-
BaHus ¥ uHHOBanuu. — 2020. — Bem. 13. — C. 201-204.

II. B. CHPOTHUH', B. H KOXAHEHKO', C. U. EBTYIIEHKO?,

A. M. KOH[PATEHKO’

"FOxcno-Poccutickuti 2ocyoapcmeennnviti noaumexuuyeckuii ynueepcumem (HITH)
um. M. U. Ilnamosa, Hosouepxacck, Poccus

’Hayuonanvnoi uccredoeamensckuti Mockosckuil  20cy0apcmeentviii.  cmpou-
menvHulll yHUsepcumem, Mockea, Poccus

*Poccuiickuti 20cydapcmeennniii azpapuviii ynueepcumem — Mockoséckas cenbcko-
xozsicmeennas akademus um. K. A. Tumupsszesa, Mockea, Poccus

JUHAMUWYECKAS MOJEJb THEBMOTHUJIPABJIMYECKOM PECCOPBI

BrimonHeH aHalM3 CTPYKTYpHOM CXeMbl MHEBMOTHMAPABIMYECKOH pPECCOpHI
(IIT'P). C yueroM 0COOEHHOCTEH pacHpeneseHusi pacxoioB >KUAKOCTH B CHCTEME
U U3MEHEHMs [aBJI€HUs Tra3a IOJIY4EHO JUHAMHUUYECKOE YpPaBHEHHUE BIDKCHMHS,
ONNCBHIBAIONIEE AMHAMHUKY peccopbl. Ilo CTpykType 3TO ypaBHEHHE COBHAJaET C
ypaBHEHHEM 3aTyXawolux KoyebaHud. Ero pemieHue Mmo3BONsIET ONpEAENUTh Xa-
PaKTepUCTHKHU Ipolecca coOCTBEHHBIX KoseOanuii [1T'P.

KiroueBble cioBa: quUHaMHYECKash MOJENb, peccopa C JIByMsl IMHEBMOIPY>KHHA-
MH, CXKATHUE XKUAKOCTU U ras3a, THIPOLMIHHAP, JPOCCEIb, pEryIUPOBaHUE PACX0/a.

P. V. SIROTIN', V. N. KOKHANENKO', S. I. EVTUSHENK(Q?, A. . KONDRATENKO?
'Platov South-Russian State Polytechnic University (NPI), Novocherkassk, Russia
’Moscow State University of Civil Engineering (National Research University), Mos-
cow, Russia

3Timiryazev Russian State Agrarian University — Moscow Agricultural Academy,
Moscow, Russia

DYNAMIC MODEL OF A PNEUMOHYDRAULIC SPRING

The analysis of the structural diagram of the pneumohydraulic spring (PHS) is
carried out. Taking into account the peculiarities of the distribution of liquid flow
rates in the system and changes in gas pressure, a dynamic equation of motion is
obtained and it describes the spring dynamics. In structure, this equation coincides
with the damped oscillations equation. Its solution allows to determine the charac-
teristics of the process of the PHS natural oscillations.

Keywords: dynamic model, spring with two pneumatic springs, compression
of liquid and gas, hydraulic cylinder, throttle, flow control.



BriHyx/1eHHBIe KojJeOaHus IHeBMoruapasiandeckoi peccopsl / E. B. Ckpun-
HukoB, A. W. Konaparenko, B. H. Koxanenko, C. U. EBrymenko, JI. b. Kenexca-
eB // Mexanuka. HccaenoBanus u maHOBaruu. — 2020. — Bem. 13. — C. 205-208.

E. B. CKPUHHUKOB', A. U. KOHJJ[PATEHKO?, B. H. KOXAHEHKO',
C. 4. EBTYIIEHKO?, JI. B. KEJIEXCAEB'

'FOacno-Poccuiickuii 2ocyoapcmeennvlii norumexnuveckuti ynueepcumem (HITH) um.
M. U. Ilnamosa, Hosouepracck, Poccus

2Poccuiickuil 2ocydapcmeennvtii azpaphviii ynusepcumem — Mockogckas
cenvckoxossiicmeennas akademust um. K. A. Tumupszesea, Mockea, Poccus
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yuugepcumem, Mockea, Poccus

BBIHY KJIEHHBIE KOJEBAHWUS MTHEBMOT'UJAPABJINYECKOM PECCOPBI

ITpuBoaUTCS pelIeHNEe HENUHEHHBIX ypaBHEHWH BBIHY)KACHHBIX KOJIEOaHWMH, BO3HH-
KaIOIMX IPH JBHKCHUH CEIbCKOXO3SHCTBEHHBIX MAlIMH B pealbHbIX ycnoBusx. Cunra-
€TCsl, YTO BBIHYXKJAIOIlas CUJIa UMEET IOCTOSHHOE 3HAuyeHHE B TEUEHHUE 3aJaHHOIO IIPo-
MEXYTKa BPEMCHU, IIPUYEM JABMKCHHUE IOPLIHS IMIAPOLMIUHIPA MOXKET OCYIECTBIIATh-
cs1 B JIIOOYIO CTOPOHY (SIMKa WM BBICTYII). HadanbHble yCIIOBUS peIICHHs MPEANoaraoT
JBIXKCHUE U3 COCTOSIHUS NOKos. [l ciiydas MajblX KoseOaHMil CHCTEMBI IONyYCHEI
3aBUCHMOCTU OT BPEMEHU CKOPOCTH U YCKOPEHHUS IOPLIHS MMAPOLUIUHIPA.

KnwueBble ciaoBa: BHENIHEE BO3MYLICHUEC, IMHEBMOTUJpaBJIMYECKass peccopa,
BEPTUKAJIbHBIC KoJiebaHust Ky30Ba, pCUICHUEC HEJIMHEHHBIX ypaBHeHI/II\/'L

E. V. SKRINNIKOV', A. I. KONDRATENKO? V. N. KOKHANENKO',

S. 1. EVTUSHENKO®, D. B. KELEHSAEV'

!Platov South-Russian State Polytechnic University (NPI), Novocherkassk, Russia
*Timiryazev Russian State Agrarian University — Moscow Agricultural Academy,
Moscow, Russia

*Moscow State University of Civil Engineering (National Research University), Mos-
cow, Russia

FORCED OSCILLATIONS OF A HYDRO-PNEUMATIC SPRING

The article provides a solution to nonlinear equations of forced oscillations arising
from the movement of agricultural machines in real conditions. It is considered that the
driving force has a constant value for a given time interval, and the movement of the
hydraulic cylinder piston can be carried out in any direction (hole or protrusion). The
initial conditions for the solution imply movement from a state of rest. For the case of
small system oscillations, the time dependences of the hydraulic cylinder piston velocity
and acceleration are obtained.

Keywords: external disturbance, pneumohydraulic spring, vertical body vibra-
tions, solution of nonlinear equations.



KommnekcHblit METOZ B TEOPUHU TEIJIOOTAAuYU JAJI MOJOCTEH BpalleHUs Haco-
coB c KombleBoi nuHueil Toka / E. B. ®anbkosa, JI. II. HazapoBa, A. A. 3yes,
A. A. Apuromsa, H. A. Janunos // Mexanuka. UccnenoBaHuss 1 UHHOBallUU. —
2020. — Bpmm. 13. — C. 209-212.

E. B. ®AJIBKOBA', JI. Il. HA3APOBA', A. A. 3VEB', A. A. APHTOJIb/]?,

H. A. J[AHHUJIOB'

'Cubupckuii 2ocydapcmeennbiil yHuepcumem Hayku U mexHoL02ull

um. akao. M. @. Pewemnesa, 2. Kpacnospck, Poccus

240 «Kpacnospckuii mawunocmpoumenshulii 3a600», 2. Kpacnospck, Poccus

KOMILJIEKCHBIA METO/T B TEOPUHU TENJIOOTIAYHA JIJISA MOJOCTEN
BPAILIEHUS HACOCOB C KOJBIEBOW JIWHUEW TOKA

PaccMmoTpeHo aHanUTHUECKOE pEIIEHUE YPaBHEHUS SHEPTUU TEeMIIEpaTypHOro
MPOCTPAHCTBEHHOTO IMOTPAHUYHOrO CJIOS C YUETOM KOHBEKTHUBHOM COCTaBIIsIOLIEH
JUIS. KPUBOJIMHEHHBIX JIMHUI TOKa B TPaHUYHBIX YCJIOBHUSX 3JIEMEHTOB TypOOMAaIluH
C YHHMBEpCalbHOIl BapHallMeil TUHOB pabo4MX Tel, XapaKTEepH3yeMBbIX H3MEHEHHEM
kpurepust noxobust [Ipanntis B obmactu Pr > 1, umeromeil BaxHOEe 3HAYCHUE I
pa3BUTHS PAKETHO-KOCMUYECKON TEXHUKM IpH NPOEKTUPOBAHUU JBUTATENEH U
SHEPreTUYECKUX YCTAaHOBOK JIETATEJIBHBIX alllapaToOB HOBOI'O IOKOJEHHS C BBICO-
KUMH 3HEPreTUYECKUMH XapaKTePUCTUKAMU.

KuaroueBblie ciioBa: 3akoH TermsiooOMeHa, TeMIEpaTypHbI HMOTpaHUYHBIN CIIOH,
KO3(PGUIUEHT TEIJIOOTAaYH, UHTETPalbHOE COOTHOUICHHE YPAaBHEHHS SHEPrHH.

E. V. FALKOVA', L. P. NAZAROVA', A. A. ZUEV', A. A. ARNGOLD?,

N. A. DANILOV!

'Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia
2JSC "Krasnoyarsk Machine Building Plant", Krasnoyarsk, Russia

COMPLEX METHOD IN THE THEORY OF HEAT TRANSFER
FOR PUMP ROTATION CAVITIES WITH AN ANNULAR CURRENT LINE

The analytical solution of the temperature spatial boundary layer energy equa-
tion is considered, taking into account the convective component for curved cur-
rent lines in the boundary conditions of turbomachine elements with a universal
variation of the types of working bodies characterized by a change in the Prandtl
similarity criterion in the region Pr > 1, which is important for the development of
rocket and space technology in the design of engines and power plants of new
generation aircraft with high energy characteristics.

Keywords: heat transfer law, temperature boundary layer, heat transfer coeffi-
cient, integral energy equation.



AxkyJioB, H. B. CoepiieHcTBOBaHHME METOJMKM INpENoAaBaHUS Kypca «Jlera-
JM MalluH» M €ro MHTErpanus co clnerqualbHbMU aucuumuimHamu / H. B. Axyinos,
E. M. AxynoBa // Mexanuka. MccnenoBanus u uHHoBauuu. — 2020. — Bem. 13. —
C. 213-218.

H. B. AKVJIOB, E. M. AKYJIOBA
Tomenvckuili eocyoapcmeennuvlii mexnuueckuti ynusepcumem um. I1. O. Cyxoezo,
Tomens, Benapyco

COBEPUHIEHCTBOBAHUE METOJUKH NNPEITIOJABAHUSA
KYPCA «JETAJIX MAIINH» U EI'O UHTEI'PAIIUA
CO CIIEHUAJBHBIMU JUCHUIITIMHAMU

Henocrarounast pazpaboTaHHOCTh MpOOIEMBbI B3aUMOCBS3U (yHIAMEHTaIbHOU
U CHenuaabHOM MOJATOTOBKU MPUBOAMT K TOMY, YTO CHUCT€Ma 3HAHWH, yMEeHUH U
HaBBIKOB CTYJIEHTOB IIpEACTaBIsieT COOOH KOHIJIOMepaT claboCBSI3aHHBIX CBeJe-
Huil. [loBcemecTHOE NMpUMEHEHHE aBTOMATU3UPOBAHHBIX CHUCTEM HPHUBOIHUT K KO-
PEHHBIM HM3MEHEHUsS HE TOJLKO B NPOU3BOJACTBE, HO M B NPOQECCHOHAILHOW MOJ-
TFOTOBKE CTYIEHTOB MAalIMHOCTpOUTENbHOro mnpo¢wuii. PaspaboraHHbBIi M BHeI-
pEeHHBIH B y4eOHBIH NpOLECC AJIEKTPOHHBIH Kypc HO IUCHUIUIMHE «/leTanun Ma-
LIMH» CIIOCOOCTBYET COBEPLICHCTBOBAHUIO METOJMKH IPENOJIaBaHUS U OKa3bIBaeT
CYIIECTBEHHYIO MOMOIIb CTY/AEHTaM B OCBOGHHMHM ydeOHOro marepuana. OTmeueHa
Ba)KHas pOJIb MHTErpalluM Kypca CO CNEUAIbHBIMHU JHCIUIINHAMU.

KiroueBble cioBa: METOAMKaA IperoaaBaHusd, A€Tajld MallluH, BHCKTpOHHHﬁ KypcC.

N. V. AKULOV, E. M. AKULOVA
Sukhoi State Technical University of Gomel, Gomel, Belarus

IMPROVEMENT OF TEACHING METHODS FOR THE "MACHINE
DETAILS" COURSE AND ITS INTEGRATION WITH SPECIAL
DISCIPLINES

The existing underdevelopment of the problem of the relationship between
fundamental and special training leads to the fact that the system of knowledge,
skills and abilities of students is a conglomerate of loosely coupled information.
The widespread use of automated systems leads to fundamental changes not only
in production, but also in the professional training of students in mechanical engi-
neering. The electronic course on the discipline "Machine parts" developed and
introduced into the educational process. It contributes to the improvement of
teaching methods and provides significant assistance to students in its develop-
ment. The important role of integration with special disciplines is noted.

Key words: teaching methods, machine parts, electronic course.
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HCIIOJb30OBAHUME NMPOBJEMHOI'O OBYYEHMUA
B BbICIIUX YUYEBHbBIX 3ABEJEHUAX

Brimonnen ananus CuTyaluuu, CBSI3aHHOU ¢ Pa3BUTUEM Hp06J'I€MHOFO 06y'—[e-
HUA B BYy3aX U IpHU O6y'-I€HI/II/I IIKOJbHHUKOB. HpI/IBOZLSITCSI ABTOPCKUEC BapHaHTBL
MNPUMEHCHUS METOAUKHU HpO6J’I€MHOFO 06y'-I€HI/ISI B 06pa3OBaTeHBHOM nmpooecce.

KiarwueBble cioBa: HpO6J’I€MHO€ O6y'-I€HI/I€, OJICKTPOHHBIE PECYpPChI, CUCTEMA
BBICIHICTO O6pa3OBaHI/I$I, HOBBIC TCXHOJIOTHUU B y'-I€6HOM mnmpouecce.

Z. P. AKHMETOVA', F. ISTAMOV?, A. I. DUSTOV?
'Kulob Institute of Technology and Innovation Management, Kulob, Tajikistan
’Tajik National University, Dushanbe, Tajikistan

THE USE OF PROBLEM LEARNING IN HIGHER EDUCATION
INSTITUTIONS

The analysis of the situation related to the development of problem-based
learning in universities and in schoolchildren teaching is carried out. The author's
variants of the problem learning methodology application to the educational pro-
cess are given.

Keywords: problem learning, electronic resources, higher education system,
new technologies in the educational process.
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®OPMHUPOBAHUE NMPO®ECCUOHAJIBHBIX KOMIETEHIUMA BA-
KAJABPOB ADPOKOCMHUYEC-KAUX HATIPABJIEHHWI NPU OCBOE-
HUA JTUCHUIIJIMHBI «TEOPETUYECKAS MEXAHUKA»

B crarbe paccMmarpuBaeTcs akTyallbHas NpoOjeMa IyTed IMOBBILICHHS Kaye-
cTBa NpodeccHOHabHOW TOJITOTOBKM 0OakajaBpoB B 00JACTH ad3pPOKOCMHYECKOM
TeXHUKHU. [Ipe’xHHe MeToabl oO0yueHHs OakalaBpOB yXKe HE COOTBETCTBYIOT Tpe-
OoBaHusIM paborosjaTeied B YacTH BO3MOXXHOCTEH IPHUMEHEHHs IOJIy4EHHBIX
3HaHUU Ha peajbHOM INpou3BojcTBe. [lepen By3aMM CTOMT 3ajada MOMCKA HOBBIX
IyTeii W METOAOB MOATOTOBKM CTYACHTOB JUI IPOCKTHPOBAHUS COBPEMEHHBIX
JIETaTeJIbHBIX amnmnapaToB. ABTOpaMH paccMaTpuBaeTcd Ipouecc (OpMUPOBAHHS
npoeCCHOHANBHBIX KOMIETEHIMH OakalaBpoB B O00JAaCTH a’pOKOCMHUYECKON
TEXHUKH INPHU U3YyYSeHHH AMCUMILTUHBI «TeopeTnyeckas MeXaHUKa».

KirwueBble cioBa: HpOd)eCCI/IOHaJ'II)HI)Ie KOMIICTCHIIMH, MOJCIIb 06y'—IeHI/ISI; npo-
Q)GCCI/IOHaIII)HaSI noAroToBKa 6a1<anaBpOB, A3pPOKOCMUYECCKUE HAITPABJICHUA ITOAIOTOBKH.

V. V. KOLGA, E. N. FISENKO
Reshemev Siberian State University of Science and Technology, Krasnoyarsk, Russia

FORMATION OF PROFESSIONAL COMPETENCIES
OF BACHELORS IN AEROSPACE AREAS
AT THE "THEORETICAL MECHANICS" COURSE LEARNING

The article deals with the actual problem of ways to improve the bachelors
professional training quality for the technical spheres of aerospace orientation.
The previous methods of bachelors training no longer meet the requirements of
employers, in terms of the possibilities of applying the knowledge gained in real
production. Universities are faced with the task of finding new ways and methods
of training students to design modern aircraft. The authors consider the process of
professional competencies formation for the aerospace machines bachelors in the
"Theoretical mechanics" course.

Keywords: professional competencies, training model, professional training of
bachelors, aerospace training areas.



JlokTnoHoB, A. B. BriBox nuddepeHnaibHOro ypaBHEHHs Mayblx KojeOa-
HUH 3JUITMNTHYECKOro MasTHUKa MerojoM [lamambepa — Jlarpanxa / A. B. JlokTu-
oHOB, A. A. Cunoposuu // Mexanuka. UccrnegoBanuss u uHHOBauuu. — 2020. —
Bem. 13. — C. 238-243.

A. B. IOKTHOHOB, A. A. CHJOPOBUY
Bumebckuii 2ocyoapcmeennulii mexnonocuveckuu yHusepcumem, Bumebck, benapyco

BBIBOJ JU®PEPEHIHUAJBHOI'O YPABHEHUSA
MAJIBIX KOJEBAHUMN 3JJIUITAYECKOIO MASITHUKA
METOIOM JAJTAMBEPA - JIA'PAHXA

BrinmonHeHo cpaBHEHHME crnoco0OB moidydeHus auddepeHInanbHbIX ypaBHe-
HUH MaJlbIX KOJeOaHWH 3JUTMNTHYECKOr0 MasiTHUKAa C IOMOLIbI0 ypaBHeHUH Jla-
rpawxka II poga u metonom JlanambGepa — Jlarpanka. OTmMedaeTcs, 4TO ypaBHEHUE
JIMHAMUKH 1eJ]1eco00pa3HO HMCHOJIb30BaTh NPU COCTABJICHHU U PepeHInaIbHbIX
yYpaBHEHHH MEXaHMYECKOH CUCTEMbI C JBYMs M OoJiee CTENEHIMHU CBOOOMBI.

KuaroueBsble cioBa: syumnTHUeckuidi MasTHUK, meron [lamambGepa — Jlarpanxa,
nuddepeHranbHble ypaBHEHUS.

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

DERIVATION OF THE DIFFERENTIAL EQUATION
FOR AN ELLIPTIC PENDULUM SMALL OSCILLATIONS
BY THE D'ALEMBERT-LAGRANGE METHOD

Comparison of methods for obtaining differential equations for the elliptical
pendulum small oscillations using the Lagrange equations of the second kind and
the d'Alembert-Lagrange method is performed. It is noted that the dynamics equa-
tion is advisable to be used when compiling differential equations of a mechanical
system with two or more degrees of freedom.

Keywords: elliptic pendulum, d'Alembert-Lagrange method, differential equa-
tions.



IMumanosekuii, A. O. Ilposenenne XVI MexayHapogHoil onmummuagsl Mo
TEOPETUYECKON MexaHuke B nucraHuuoHHoM Qopmare / A. O. IllumaHoBCKHiA,
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MPOBEJEHUE XVI MEXJYHAPOJIHOMN OJUMIIHA JIbI
MO TEOPETUYECKON MEXAHUKE B IUCTAHIIMOHHOM ®OPMATE

[pencraBnena uapopmanus o XVI MexayHapogHOH onuMIHane 1Mo TeopeTuyde-
CKOIl MeXaHHKe, KOTopasl cocTosuiack B belopycckoM rocyapcTBEHHOM YHUBEPCH-
tetre TpaHcnopta B anpene 2020 r. [IpuBegeHsl yCIOBUS U pELISHUS 3a]1a4, CBEICHUS
0 pe3yibTaTax OJUMITUAJBI.

KioueBble cioBa: TeopeTHueckas MEXaHHWKa, OJNMMIIMAJA, YCIOBUS 3aaad,
peuieHus.

A. O. SHIMANOVSKY, M. G. KUZNIATSOVA, I. E. KRAKAVA
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XVI INTERNATIONAL ENGINEERING MECHANICS CONTEST
IN DISTANCE FORM

There is presented the information about the 16th International Engineering
Mechanics Contest which took place at the Belarusian State University of
Transport in April 2020. The problem tasks and solutions and the Contest results
information are demonstrated.

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



