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MATEMATHUYHE MOJE/IIOBAHHS ITPOCTOPOBUX KOJINBAHDb
PYXOMOTO CKJIALY 3AJII3HUIID
Msamunin C.C.
TOB «/IHinposcbKuli op2aH 3 cepmucikauii 3ani3HUYHO20 mpaHcnopmy», YkpaiHa

AHoTanist. Po38umok 3a1i3HUYH020 MPAHCNOPMY CyNpPo8OOHCYEMbC 8NPOBAOHCEHHM
[HHOBayIlIHOI ~mexHiKU ma Ccy4acHux iHgpopmauitinux mexHonoziitl. CmeopeHHs
3ani3HUYHO20 PYXOM020 CKAAdy ma pelikosux MawuH nompebye oyiHKU iX MiYHICHUX ma
OJuHamivuHux sKocmetl wie Ha emani NPoeKMHO-00CNIOH020 BUPOOHUYMBA, MOMY
po3pobka cneyianizo8amo0zo0 nNpozpamHozo 3abe3neueHHs O OYIHKU OCHOBHUX
napamempis CmeopreaHux KOHCMPYKUILl pyXomozo cCKaady € akmyaabHOw. HAYK080-
npuknaoia — npobiema  3aNi3HUYHO20 — MpaHcnopmy — ma — MpPAamcnopmHozo
MawuHo6yodysauHs. BukoHaHo meopemuuHi 00CNiOHEHHS NPOCMOpPOBUX KOJIUBAHb
OKpemux munié 3aai3HUYH020 PYXOMO020 CKAady ma OmpumaHo pekomeHoauii wodo
(popMysaHHs napamempié KOHCMPYKUIll BAHMAMCHUX 8A20HI8 I CneyianbH020 PyXOM020
cknady. Ilpu nposedenHi meopemuuHux OOCNiOHCEHb BUKOPUCMOBYBABCS ABMOPCHKULI
npoepamuuii  komniaexkc DYNRAIL-PRO, saxuii eepugikosaHo ma dosedeHo
00CMogipHicmb pe3yibmamis po3paxyHkis.

KimrouoBi cimoBa: komn’iomepHe mM00ento8aHHts, OUHAMIKA 3ANI3HUUHO020 MPAHCNOpMY,
DYNRAIL-PRO, duHamika 8azoHa, iHOeKc 3H0Cy KoJieco—pelika,

PO3BUTOK 3aj1i3HMUHOTO TPAHCIIOPTY CYIPOBOIKYETHCS BIIPOBAIKEHHSIM
iHHOBAIIi/iHOI TexHiKM Ta cy4acHuUX iHdOpMaTUBHUX TexHoJoriii. CTBOpeHHSs
PYXOMOTO CKJIaay 3aji3HMIIb Ta PeNKOBOI TeXHiKM TMOTpedye OILiHKM IXHIiX
MIITHOCHMX Ta AMHAMIUHMX SIKOCTeil Ille Ha CTajii MpOeKTyBaHHS Ta MOCTiTHOIO
BUPOOHUIITBA, TOMY PO3pOOKa CIIellia/li30BaHOTO IMPOTrpaMHOro 3abe3redyeHHs ISl
OLIiIHKM OCHOBHMX MapaMeTpiB CTBOPHOBAHMX KOHCTPYKIIiIi PYyXOMOTO CKJIany €
aKTyaJIbHOI0O HAyKOBO-TIPUKIAAHOI MPOO6JeMOI0 [IJis 3a/1i3HUYHOTO TPAHCIIOPTY Ta
TPaHCIIOPTHOTO MaIIMHOOYyBaHHS.

[IpoeKTyBaHHSI 3aJi3HMYHOTO PYXOMOIO CKJIaay II0Tpebye, SK BigoMo,
TIPOXO/IKEHHS JIEKiIJIbKOX eTalliB, IO CTOCYIOThCSI BUOOPY KOHCTPYKTUBHUX pillleHb
Ta BU3HAUEHHIO ITapaMeTpiB BCi€i KOHCTPYKIIii Ta OKPeMUX ii CKIaJlOBMUX eJIeMEHTIB.
dk mpaBwno, g peanisaiii 1iel MeTHM  BUKOPUCTOBYETBHCS CIlelliali30BaHe
IporpaMHe 3a0e3IevyeHHs, IO Iependayae BUKOPUCTAHHS BUXITHUX HAHUX 3

KOHCTpYKL[ﬁ, IO IIPOEKTYETHhCA, Ta HOpiBHHHHH 3 HOPMAaTMBHUMMUM 3HAYE€HHSIMU
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OOCJTiKYyBaHMX TapaMeTpiB abo 3 TeXHIYHMMM BUMOTaMu A0 CTBOPHOBAHOI
KOHCTPYKIii. BiloMi OCHOBHI MpoOrpamMHi KOMIUIEKCU OJISI OLIIHKM MIIJHOCHUX Ta
OMHAMIYHUX SKOCTeM KOHCTPYKILii [1-5]. I KokeH 3 I[UX MpOrpaMHUX MPOAYKTiB Ma€e
CBOI MepeBaru Ta HeJoJiKkK [6,7]. Ane, 3 HOCBiAY HAYKOBUX OOCTiIKeHb IMHAMIYHUX
Ta MIIIHOCHMX SIKOCTel IHHOBALiiHMX KOHCTPYKIIiii PyXOMOIO CKJIaAy 3aji3HUIlb
BiloMO, 1[0 HeoOXimHO O6i/lbIl TOBHO BPaxoOBYBaTM He TiJIbKM KOHCTPYKTUBHI
0COGIMBOCTi CTBOPIOBAHOTO PyXOMOTO CKJIafy, a i BpaxOBYBATH, SIK BHYTPIIlHi, TaK i
30BHIIlIHI 3yCWMJIISI Y 3B’S3Kax, SIKi MPUCYTHI y IMpolieci IMPOCTOPOBUX KOJIMBaHb
pyxomoro ckiany. Hampukmnan, 3ycuuisi B3a€EMOii Kojeca Ta peiiku, 3yCUJUIST MixK
eKirmaxkamu y CKJaaji Moisga, 3yCU/UIsl MisK Ky30BOM Ta BaHTa>keM [IJISi BAHTa)KHOTO
BaroHy, Tomo. ToMy, aBTOPOM 3allpOIIOHOBAHO Ta IIPOBEEHO peecTpallilo
aBTOPCHKOTO IIpaBa Ha IIporpaMHe 3abe3MeueHHS s AOCIiIKeHHS AMHAMiUyHUX
SIKOCTe peiKOBUX eKimnaxis [8].

3amnporoHoBaHuit  aBTopom  nporpamHuii  kKomiuiekC  DYNRAIL-PRO
npeAcTaBiisgse cobol Habip creliaJbHMX MigmporpaM, sKi o0’emHaHi €IMHOI0
iHbopMmaIliifHO-aHAMITUYHOIO CHCTEMOIO, IO [AO03BOJISIE BUKOHATU TEOPETUYHI
IOCTiI)KeHHSI TPAHCIIOPTHMUX KOHCTPYKIIiV [/ 3a/i3HUYHOTO TPAHCIIOPTY 3 METOI0
He TiTbKM BM3HAUEHHS IlapaMeTpiB 0a30BOi KOHCTPYKINi, a ¥ 3pobutu
IIPOTHO3YBAHHS 3MiH Yy [OMHaMiuHili HaBaHTa’XKeHOCTI PEKOBOrO eKilnaxy uepes
BIUIMB 30BHIIIIHIX Ta BHYTPIillIHiX (haKTOPiB.

B nporpamHomy komriekci DYNRAIL-PRO peiikoBuit ekinax poO3riasiga€TbCs
SK CKJIaJHa MexaHiyHa cucTeMa, Jle MiXK BCiMa KOHCTPYKTMBHUMM ejieMeHTaMu
nmepenbavyeHo 3acTOCyBaHHS OCHOBHMX BUJIB 3B’SI3KiB, a came: IIPYKHi,
OUCUTIATUBHI, B’SI3Ke TepTs Ta iX pPi3HOMaHITHI KOMOiHaIlii, IO T03BOJISIE
CTBOPIOBATM CKJIQAHI MeXaHiuHi KOHCTPYKIii Ta AOCAIAKYBaTHM 1X IPOCTOPOBI
KOJMIMBaHHSA. JlaHUIi Miaxig m03BOJIsSE€ He TUIbKYM BUM3HAYATH ITOKA3HUKMU OMHAMIKHU, a
71 TOKa3HUKY Oe3TeKU PyXy.

3a IOOMOTOI0 JAHOTO MPOrPpaMHOT0 KOMILJIEKCY BUKOHAHA HU3KY AOCTiIKeHb
JVMHAMIUYHOI HABaHTA)KeHOCTi IHHOBAIIiiHMX KOHCTPYKIIi/i MiBBaroHiB, BaroHiB-
3epHOBO3iB, CITEIia/IbHOIO PYXOMOTO CKJIaay 3ajIi3HUIIb, IO TO3BOJIMIO 0OpaTu He

TUIbKM MapamMeTpy KOHCTPYKILii, a CIIPOTHO3yBaTy 3MiHM MOKAa3HUKIB AMHAMIiKM Ta
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0e3IeKM Pyxy CTBOPEHMX KOHCTPYKIIiil B 3aJI€5KHOCTI BiJl TEXHIYHOrO CTaHy KOJii Ta
pPexXuMiB pyxy IO13/iB.

B pesynbTaTi BUKOHAHHSI TEOPETUUYHUX OOCAiAKEHb MPOCTOPOBUX KOJIMBAHb
OKpeMMuX THUIIIB PyXOMOrO CKJIaAy 3ali3HMIb OTPMMAaHO peKoMeHAalili 3
dbopmyBaHHSI TapaMeTpiB KOHCTPYKIIii BaHTaXHMX BAroHiB Ta CIIeliaJbHOIO
pyxoMmoro cknamy. IIpyM mpoBedeHHI TeOpeTUUYHMUX [OC/TiIKeHb 3aCTOCOBAHO
aBTOpCchKMii mporpaMunii komiiekc DYNRAIL-PRO, o npoiimos Bepudikalliro Ta

JIOBeIeHO AOCTOBIPHICTh Pe3y/abTaTiB PO3PaxXyHKY.

JITEPATYPA
1. Iwnicki, S. (1999). The Manchester Benchmarks for Rail Vehicle Simulation. Vehicle
System Dynamics, 30(3-4): 295-313
2. ADAMS/Rail User Manual (2004), MSC. Software Corporation.
3. Karutyn A.B. ANSYS B pykax mHkeHepa: [IpakTudyeckoe pyKOBOACTBO. - M.: Eautopuan
YPCC, 2004. - 272 c.
4. Software M. Adams/View documentation 2020.
5. VAMPIRE® Vehicle/Track Interaction SaaS (2024) https://www.ensco.com/rail/vampire-
vehicle-track-interaction-saas, 2024
6. Simpack GmbH. Simpack 2021.2 Documentation. 2020.
7. Mamaun C. C. DYNRAIL Ta DYNRAIL-PRO K anbTepHaTMBHMII iHCTPYMEHT Y
MOJeM0BaHHi AMHaMiKky pelikoBux ekinaxis / C. C. MawminH // [HTe/leKTyaabHi TPaHCIIOPTHI
TEXHOJIOTii : Te3u MOomoBijel 3-1 MiXkHap. HayK.-TeXH. KoHd. (22-23 nucromnana 2022 p.). -
XapkiB : YkpIY3T, 2022. - C. 51-52.
8. CBimonTBO peecTpallito aBTopcbkoro mpasa Ha TBip «DYNRAIL-PRO» Komm'toTepHa
rporpama «[Iporpamma MOJIe/TMPOBAHMS MPOCTPAHCTBEHHBIX KoJie6aHmit
Kele3HOAOPOKHBIX sKumaxkei» A. c. N2116761 Vkpaina, 3asBia. 31.05.2023 omy6J.
31.05.2023, Bron. N275. - Mamitin C.C.

MATHEMATICAL SIMULATION OF SPATIAL OSCILLATIONS OF RAILWAY
ROLLING STOCK
Miamlin Serhii

Abstract. The development of railway transport is accompanied by the introduction of
innovative equipment and modern information technologies. The creation of railway
rolling stock and rail machinery requires an assessment of their strength and dynamic
qualities even at the stage of design and experimental production, therefore, the
development of specialized software for evaluating the main parameters of the rolling
stock structures being created is an urgent scientific and applied problem for railway
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transport and transport engineering. Theoretical studies of spatial fluctuations of certain
types of railway rolling stock were performed and recommendations were obtained for the
formation of parameters of the structures of freight cars and special rolling stock. When
conducting theoretical research, the author's DYNRAIL-PRO software complex was used,
which was verified and the reliability of the calculation results was proven.

Keywords: computer simulation, railway vehicles dynamics, DYNRAIL-PRO, wagon
dynamics.
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