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Anomauin

Bcmyn. Tpancnopmua 2any3e € Hegi0 €MHON YACMUHONO PO3BUMK)Y HAYIOHANLHOL
eKoHoMmiIKY Kpainu. /[na 3abe3neuenns ii Oesnepebilino2o QyHKyionysanHs ocobnusa yea-
2a Mae npuoiamucs mexuiuHil 3abesneveHocmi 3anizHuyHo2o0 napky. Tomy easxciusum €
8NPOBAVIHCEHHS 3aX0018, AKI CHPUAMUMYMb NOKPAWEHHIO eKCHLYAmayii pyxomMoeo cKuaoy.
Mema. ObrpyHmyearHs 8NPOBAONCEHHS NPYHCHUX €leMEeHMI8 V HeCydi KOHCMpPYKYIi 6aH-
MAICHUX BA2OHI8 OISl 3MEHUICHHS. X OUHAMIYHOL HABAHMAICEHOCMI 6 eKCNyamayii.
Pezynomamu. /[ns 3vieHuenHa OUHAMIYHOT HABAHMANCEHOCH OCHOBHUX MUNIE 8AHMANCHUX
8020HIG 8 EKCIIIyamayii 3anPONOHOBAHO BNPOBAONCEHHS 8 IX HeCyul KOHCIPYKYIL NPYHCHUX
enemMenmis. 3a paxyHoK onopy Cui Cyxo2o mepms Midc 6EPMUKATbHUMU YACIUHAMU 20pU-
S0HMATLHUX TUCIIB, NIO IKUMU POIMIULYIOMbCS NPYIHCHI enemMeHmu, ma cminok 11-nodionoeo
npoinio 30IUCHIOEMbC IMEHUIEHHS OUHAMIYHOI HABAHMAIICEHOCME HECYYUX KOHCIMPYKYIL
8a20mi8. /[151 00TPYHMYBAHHS 3ANPONOHOBAHO20 PIUUEHHS NPOBEOEHO MAMEMAUYHE MOOeTO-
8aHHA. []11A Yb020 CKIAOEHO MAMEMAMUYH)Y MOOE/b, KA BPAXOBYE BEPIMUKAIbHI NEpeMIUeHHsL
6a20HI6, U0 PYXAIOMBCS 8 HOPOICHLOMY CHIAHI CMUKOBOI0 HepieHicmio. Posé’sizox mamema-
muuHoi Mooeni 30iticHenull y npoepamuomy komnaexci MathCad. Jlocnioocenns nposedeni
CMOCOBHO HAUOLIbUL NOWUPEHUX MUNIE 8AHMAIICHUX BA2OHIB 8 eKCIIYAMAyii: HANIBBAZOH,
8a2oH-NAGMpopma, Kpumutl 6a2oH. Bcmarnoeieno, uo 3anponoH06ari pitletst 0arons 3Mo2y
IMEHUWUMU OUHAMIYHY HABAHMAICEHICINb HECYUUX KOHCIMPYKYIL 6A20HI8 NOPIBHSHO 3 8a20-
HamMu-npomomunamu. Hanieeazon — 35%, eazon-niameopma — 15%, kpumuii eazon — 20%.
Xio pyxy eazouie oyinroemucs sk «giominnuiy. Bucnosku. [lposedeni docnioscenms cnpu-
SMUMYMb 3MEHUEHHIO GIMOMHOI MIYHOCIME HECY4UX KOHCMPYKYILU GA2OHI8, CIMBOPEHHIO 8i0-
NOGIOHUX HANPAYWIOBAHb U000 NPOEKMYBAHHS IHHOBAYIUHUX KOHCMPYKYIL 8A20HIB, 4 MAKOXHC
NIOBUUEHHIO eQheKMUBHOCIE eKCIITYamayii 3aMi3HUYHO20 MPAHCNOPIY.

Knrouosi cnosa: mpancnopmua mexauika, 6AHMAaNXCHULl 6a20H, HeCy4a KOHCMpPYK-
Yisl, OUHAMIYHA HABAHMANCEHICNb, MOOETIOBAHHS OUHAMIKU.
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aIanTUBHUX (IICHI-KOHLIETTIBY, IKa BUKOHYETHCS KOILITOM JIepKaBHOTO OromkeTy Ykpainu 3 2020 p.
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Summary

Introduction. The transport sector is an integral part of the development of the
national economy. To ensure its smooth operation, special attention should be paid
to the technical security of the railway fleet. Therefore, it is important to implement
measures that will improve the operation of rolling stock. Purpose. Rationale for the
introduction of elastic elements in the load-bearing structures of freight cars to reduce
their dynamic load in operation. Results. To reduce the dynamic load of the main types
of freight cars in operation, it is proposed to introduce elastic elements in their load-
bearing structures. Due to the resistance of dry friction forces between the vertical parts
of the horizontal sheets, under which the elastic elements are placed, and the walls of
the U-shaped profile, the dynamic load of the load-bearing structures of cars is reduced.
Mathematical modeling was performed to substantiate the proposed solution. To do this,
a mathematical model is developed that takes into account the vertical movements of
cars moving in the empty state by the butt roughness. The solution of the mathematical
model is made in the MathCad sofiware package. Research has been conducted on the
most common types of freight cars in operation: gondola car, platform car, covered
car. It is established that the proposed solutions allow to reduce the dynamic load
of the load-bearing structures of cars in comparison with prototype cars: gondola —
35%, platform car — 15%, covered car — 20%. The movement of cars is assessed as
“excellent”. Conclusions. The conducted researches will promote reduction of fatigue
strength of bearing designs of cars, creation of corresponding developments concerning
designing of innovative designs of cars, and also increase of efficiency of operation of
railway transport.

Key words: transport mechanics, freight car, load-bearing structure, dynamic
loading, dynamics modeling.

IMocranoBka mpodiemu. 3ade3neueHHs epEeKTHUBHOI eKCIUTyaralii TpaHCIOPTHOT
ramysi MOXJIMBE 32 YMOBM HaAiHHOI Ta 37aroeHoi eKcITyaramii oKkpeMux ii cKiaj-
HUKIB. Bizomo, 110 3ami3HUYHMIA TPAHCHIOPT € OAHIEI0 3 KIIOYOBUX CKIIAJ0BHX YaCTHH
TPaHCHOPTHOI ramy3i. st yTpuMaHHs NiAEPChbKUX MO3ULIH 3aIi3HUYHOTO TPAHCIIOPTY
Ba)XJIMBUM € BIIPOBAKCHHSI B EKCIUTyaTallil0 IHHOBALIHHOTO PYyXOMOTO CKJIay.

JociikeHHs CTaTUCTUYHUX JaHUX MOIIKOIXEHb BaroHiB 3a OCTaHHI POKH JA0Th
3MOTy 3pOOHMTH BHCHOBOK, II0 OJHHMM i3 HaWOUIBII MOUIKOJ)KYBaHUX BY3JiB € HECydi
KOHCTpYKii BaroHis. Lle 3yMOBIEHO [i€l0 Ha HUX 3HAYHUX JUHAMIYHUX HAaBaHTAKCHb,
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10 BUHUKAIOTH B eKcIutyaTaiii. [lepioquuHicTs Iii TaKuX HaBaHTaXKEHb CIIPHUSE 3MEH-
IIEHHIO BTOMHOT MIIIHOCTi HECyYMX KOHCTPYKIIii BaroHiB, a OTKe, HE0OX1THOCTI ITPOBe-
JICHHSI TI03aINIAHOBUX BUJIIB PEMOHTY 200 BUKJIIOYCHHS BarOHIB 3 iIHBEHTAPHOTO MApKY.
VY 3B’s3Ky 3 IIUM BUHUKA€ HEOOX1IHICTh BIPOBAJUTH 3aX0/1 OO 3MEHIICHHS JUHA-
MIYHOT HABaHTa)KEHOCTI HECYYUX KOHCTPYKIIIH BaroHiB B €KCILTyaTalfii.

AHaJji3 oCcTaHHIX AocaimkeHb i mybJaikaniil. BusHaueHHS CTATMYHOI MIIIHOCTI
Hecy4oi KOHCTPYKIii BaroHa cepii Zans BHCBITIIOETbCs B poboti [1]. Po3paxyHok
3IifICHEHHId 32 METOIOM CKiHYEHHX eleMeHTIiB y mporpami CosmosWorks. Otpumani
pe3YNIbTaTH CHPUSTHMYTh CTBOPEHHIO OUIBII ONTUMATBHUX KOHCTPYKIIIH BaroHiB.

JocmipkeHHst MIITHOCTI €JIEMEHTIB PyXOMOTO CKJIa/ly Ha MPHUKIIAIi XpeOTOBHX 0aoK
MPOBOAUTECS B poboTi [2]. HaBeaeHuit mpukiax BUKOPUCTAHHS 3alPONIOHOBAHOTO MTifl-
XOJy 3aCBITYMB HOT0 Mpale3aTHICTh Ta €(EKTUBHICTh, @ TAKOXK MPABUIIBHICTD CIIPSAMY-
BaHHS BIMOBIIHUX HAYKOBO-IAOCIIHUX POOIT.

OnHak 3ax0/iB MIOI0 3MEHIICHHS JMHAMIYHOI HABAHTAKEHOCTI paMH BaroHa IiIs-
XOM 3aCTOCYBaHHS PUHIIMIIB MYTbTH(QYHKIIOHATBHOCTI 1 €IEMEHTIB y IIMX podoTax
HE 3arponoHOBaHO.

BusiBieHHS IpUYMH BUHUKHEHHS TPIIIUH y HECYYill KOHCTPYKIIi paMH BaroHa rpo-
BOJUTHCS B pOOOTI [3], Ie OMUCYETHCS METOOJIOT IS, IKa BUKOPUCTOBYETHCS VISl BUSIB-
JICHHSI TPUYMH BUHUKHEHHS TPIIIMH MOOIU3Y 3BapIOBAIbHOTO 3’ e€qHaHHs. Po3paxyHok
MIPOBEZICHUN CTOCOBHO paMHu BaroHa Tumy Sgmns. OgHaK aBTOpH i€l poOOTH 00MEX-
WIIKCS] BUSIBJICHHSIM TIPUYUH BUHUKHEHHS TPIIIMH, a8 3aXO/iB LIONO iX MOMepeKeHHS
B HECYYHMX KOHCTPYKIISIX NUISXOM BUKOPHCTaHHS MYJIbTUMATEPIaIbHOTO MiAXOMy HE
3aIPOIIOHYBAJIH.

VY poboti [4] BHCBITIIIOIOTHCS OCOOIMBOCTI MPOEKTYBAHHS, aHAJI3y Ta MPOEKTHOI
PO3POOKH 3aTI3HUYHUX BarOHIB HOBOTO MTOKOJIIHHS. J{OCIiIXKeHHS TPOBEACHI Jtst [Hiii-
cbKol 3ami3Humi. [Ipu oMy BHUKOPUCTaHI MIXHAPOJHI CTaHIAPTH JJIsl PI3HUX YMOB
3aBaHT@KCHHS, JOTPUMAHHS ONTHMAIBbHUX Ta0apuTiB BaroHiB tomo. OgHaK y mpo-
eci MPOEKTYBAHHS IMX KOHCTPYKIIiH BaroHiB HE BPaXOBAHO 3aXO[(IB IIO/I0 3MEHIIICHHS
BTOMHOI MIITHOCTI MPH EKCILTyaTal[iiHUX PeKUMAaX HABAHTaKECHHS.

OcoOIMBOCTI BIOCKOHAJNEHHST HECYy4Oi KOHCTPYKIII BAaHTKHOTO BaroHa MIISXOM
BUKOPUCTAHHS aJIFOMIHIEBUX ITaHENIeH MPOBOAUTHCS B poOoTi [5]. XapakrepucThuuHa
(YHKIIiSI IONTYKY ONTUMaIbHOT KOMOIHAIlT BU3HAYCHA MaKCHMAITbHUMU HAIPY>KeHHSIMUA
Ta 3MmimeHHsIMA. OHaK y poOoTi He 3a3Ha4€HO, IKUM YHHOM 3MEHIIYEThCS IMHAMIYHA
HaBaHTAXXEHICTh BaroHa 3 ypaxyBaHHSM BUKOPUCTAHHS 3allPOITOHOBAHUX TTAHEICH.

3axonu 1mo/0 3MEHIIICHHS TUHAMIYHOT HABAHTAXKEHOCTI HECYUHX KOHCTPYKIIii Baro-
HIiB MIpU KOMOIHOBaHUX IEPEBE3CHHIX 3alpONOHOBaHi B podorax [6; 7]. [Ipu upomy
MIPOTIOHYETHCST BUKOPUCTAHHS MPYKHHUX, a TAKOXK B’S3KHX 3B’A3KIB MIXK OJMHHUISIMH
TPAaHCIOPTHHUX 3ac00iB KOMOiIHOBaHUX TepeBe3eHb. OHAK BIPOBAKCHHS MPYKHHUX,
a TAKOX B’SI3KHX 3B’SI3KIB y HECYUi KOHCTPYKIIi BaroHiB JIsi 3MEHIIICHHS iX AUHAMIYHOT
HaBaHTa)KEHOCTI B 3a3HAYEHUX pOOOTax HE MPOBOTUTHCS.

Ha mincraBi ananisy mitepaTypHux Jpkepen [1—7] MoxxHa 3poOHUTH BHCHOBOK, IO
J0Ci TIMTaHHSM 3MEHIICHHS IMHAMIYHOT HABaHTa)XEHOCTI HECYYUX KOHCTPYKIIiil BaH-
Ta)KHUX BAaroHIiB [IISXOM BIPOBA/KCHHS NMPYKUHHHUX €JIEMEHTIB Y HUX HE BUCBITIIIO-
Baymcs. Lle BUKIMKae HEOOXiqHICTh MPOBENEHHS BIAMOBITHUX JOCTIKEHb y I[LOMY
Harpsmi.
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@opMyJIIOBAHHS MeTH CTaTTi. MeToro CTarTi € OOTPYHTYyBaHHS BIIPOBAKEHHS
MPY)KHUX EJIEMEHTIB Y HEeCydl KOHCTPYKIli BaHTKHUX BaroHiB IS 3MCEHIIICHHS iX
JMHAMIYHOT HABAHTKEHOCTI B eKCIuTyarartii. J[7st JocsrHeHHs 3a3Ha4eH0l METH BU3HA-
YeHi Taki 3aBIaHHS:

1) 3ampomnoHyBaTH KOHIIENITH OCHOBHUX HECYYHX €JIEMEHTIB Ky30BiB (paM) BaHTaXX-
HHUX BaroHis;

2) TPOBECTH MaTeMaTUIHE MOJEITIOBAHHS TWHAMIYHOI HaBAaHTAXCHOCTI BaroHIB
3 ypaxyBaHHSIM 3alPOTIOHOBAHUX 3aXO0/IB;

3) mpoanaiizyBaTH pe3yabTaTd BU3HAYCHHS JMHAMITHOI HAaBaHTa)KEHOCTI BaroHiB i3
MPY>KHAUMH €IEMCHTAMH B HECYYUX KOHCTPYKIIIsIX.

O0’€eKTOM AOCIIHKEHHSI € HeCyqi KOHCTPYKITI BAHTQKHHUX BaroHiB.

IIpeameT mociimkeHHS — AMHAMIYHA HABAHTAKEHICTh HECYIMX KOHCTPYKIIA BaH-
TaKHUX BaroHiB.

Bukiang ocHOBHOTO MaTepiary. 3 METOIO 3MEHINIEHHS THHAMIYHOT HABAHTAXKEHOCTI
HECYJIHX KOHCTPYKITIF BarOHIB Ta ITiIBUIIEHHS BTOMHOI MIITHOCTI TP €KCITTyaTaIliiHuX
peXuMax TPOMOHYETHCS BIPOBAHKCHHS B HAWOIIBII HABAaHTAXCHI €JIEMEHTH iX pam
MPYXKHUX 3B’ s13KiB. [1iIBUIIIEHHS BTOMHOT MIITHOCTI 3[[IHCHIOETHCS TIUITXOM 3MEHITICHHS
MUHAMIYHOI HaBaHTAKEHOCTI OCHOBHHMX HECYYHX €JIEMEHTIB paM 3a paxyHOK OIopy
CHII CyXOTO TEePTS MiXK BEPTUKATLHIMHU YaCTUHAMHU TOPH30HTAIBHUX JIUCTIB, 1T SIKUMA
PO3MIMIYIOTBCS TIPYXKHI €JIeMeHTH, Ta CTiHOK [I-momiOHoro mpodimio. JlocmimKkeHHs
MPOBENICHI CTOCOBHO HAITIBBaroHa, BaroHa-miarGopMu Ta KpUTOro Barona (puc. 1).
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Puc. 1. Po3miwennss npyscHux enemenmie 8 OCHOGHUX HeCyyux elemMenmax 6a2omia:
a) xpebmosa banka Hanigeazona, 6) n063008iCHs OAIKA 006200431020 8A20HA-
naamegopmu, 8) xpebmosa daIKa KpUmMo2o 8a2oHa

T

Sx mporoTunu BUOpaHWH HamiBBaroH moxeni 12-757, BaroH-turardopma MoZei
13-7024, a Takox kpuTHii Barod mozaeini 11-217 (puc. 2).

PosMimmenHs nIpy>KHUX €JIEMEHTIB Y HECYINX KOHCTPYKITISX 3a3HAYCHUX THITIB Baro-
HIB HaBEIICHO Ha pHC. 3.

[Ipu pOMY BpaxoBaHO, IO BarOHH PYXarOThCSA B TMOPOXXHBOMY CTaHI CTHKOBOIO
HepiBHICTIO. JloCITiIKEHHS TIPOBEACH] B IUIOCKIH CHCTEMi KOOpIMHAT.

PiBHSHHS pyXy, SKi ONMHUCYIOTH MEPEMIMIEHHS HECYIHMX KOHCTPYKIIiii BaroHiB, TIpH
BOMY MafOTh BUIJISII:
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Puc. 2. Jlocniosicysani munu 6aHmasicHux a2oHie:
a) naniesazon; 6) eacon-niam@opma; 8) Kpumuil 6a20H

6)

Puc. 3. [Ipocmoposi modeni 6anmaxicHux 6a20Hi8 3 NPYHCHUMU eleMeHMaAMU
6 HeCyuux KOHCMPYKYIAX: a) Hanieeazon, 6) 6acon-niam@opma, 6) Kpumuii 6a2oH
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= TP.Slgn[ESZJ-l-k(Tb+T]4)+B[En3+£n4j,

e M — iHepIifiHI Koe(DIiEHTH eTIEMEHTIB KOJIIMBAILHOT CUCTEMH (Ky30B BaroHa Ta JBi
XOIIOB1 YaCTHHH); C,-j* XapaKTEpUCTHKA MPYKHOCTI €IEMEHTIB KOJHUBAIBHOI CHCTEMH;
B, - (yHKIis po3citoBaHHsA; a — IMONOBUHA 0a3u Bi3Ka; ¢, — y3araJlbHEHI KOOPJMHATH,
10 BiJIMOBIAAIOTh MOCTYNAIBHOMY MEPEMILIEHHIO BITHOCHO BEPTUKAIBHOI OCi, BIAIIO-
BiJTHO, Ky30Ba BaroHa, MepIIOro Ta JIPyroro Bi3Ka; k — KOPCTKICTh PECOPHOTO MifBi-
IyBaHHS; f — KoeQilienT neMndipysanus; F,, — cua abCOTIOTHOTO TEPTS B PECOp-
HOMY KOMIUIEKTI; J, — ne(opmMaiii NpyXKHHX €JIEMEHTIB PECOPHOTO MiBillyBaHHS;
7(t) — HEPIBHOCTI KOJTii.

Jiist oOTpyHTYBaHHS 3aIIPOIIOHOBAHOTO PIllICHHS TPOBEIEHO MaTeMaTUYHE MOJIEITIO-
BaHH:. Po3paxyHKoBa cxema HaBe/IeHa Ha puc. 4.

M,

Puc. 4. Pospaxynkosa cxema 6anmaicHo20 8a20Ha
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3B’s130K Ky30Ba 3 XO/I0BOIO YACTHHOIO OITUCYBABCS SIK TIOCITiTOBHE MPYKHE 3’ € THAHHS:
C= kb'(kT+kT) (4)
ky +(k; +k;)

CrukoBa HEpiBHICTh ONMCYBajacs nepiognyHo0 QyHKIiero [8]:

n(t)zg(l—coswt), 6))

ne i — mOuHa HepiBHOCTI; (@ — YacTOTa KOJMBAHb, SIKa BU3HAYAETHCA 32 (OPMYIIO0
w=27V/L (V — mBHUIKICTb pyXy BaroHa, L — TOBXHUHA HEPIBHOCTI).

Po3p’s30k  audepeHIiaTbHIX PIBHSIHD PYXy 3MIHCHEHHH Yy TPOTrpaMHOMY KOMILTEKCI
MathCad [9-11]. IlouarkoBi niepeMileHHs Ta MIBUIKOCTI IPHHAHATI piBHUMH HyIro [12; 13]

0
0
0
o=/ | (6)
0
0
Po3B’s130K Mozeni B mporpamuaoMy KoMimiekci MathCad Bu3HauaBcs y BUTTISIL
_ v, _
Y4
Vs
-F, -(sign(S1 ) + sign(s2 )) —Cy=CLhy,—=Ciy s
F(t,y)= M, . (7
F., -sign(S] ) + k(n1 +1, ) +B(M, +M,)—Coy ¥ —Coy v =By, 0,
M2
F, -(sign(s1 ) + sign(f'i2 )) —Ciyn—C5-ys—Bys g
L M, -

Z =rkfixed (YO, tn, tk, n, F).

Tpu wpoMy v, = ¢y, ¥, = G1s Vs =55 Y4 =G5> Vs =5 Vs = s

Pe3ynpraTi po3paxyHKy HaBeleHI Ha puc. 5—7.

MaxcumanbHe BEpPTHKAJIbHE IPHCKOPEHHS Ky30Ba HAIiBBaroHa B ITOPOKHBOMY
cTaHi cranoBuTh Omu3eko 1,8 m/c? (0,18 g). Xin BaroHa OIHIOETHCH K «BiIMIHHHI
[14; 15]. [Ipu 11bOMY BHKOPHCTAHHS XpeOTOBOI OAJIKHM 3 TIPYKHUMH CIIEMEHTAMH J1a€
3MOTy 3MCHIIIUTH AWHAMIYHY HaBaHTAXCHICTh HaIliBBaroHa IMOPiBHSHO 3 BATOHOM-TIPO-
TOoTHUTIOM Maibke Ha 35%.
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Puc. 5. Ilpuckopenns necyuoi KoncmpyKkyii HAnig8a2oHa 8 YeHmMpi Mac
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Puc. 6. IIpuckopenns necyuoi koncmpykyii acona-niamgopmu 8 yenmpi mac

MakcuManbHe BepTHKaJIbHE IPUCKOPEHHS HECY40i KOHCTPYKIIiT BaroHa-1u1arhopMu
B TIOPOXXHBOMY CTaHi cTaHOBHUTH Onu3bKo 2,0 M/c? (0,2 g). 3 ypaxyBaHHSAM 3aIporio-
HOBAHOTO PIIIEHHS CTAa€ MOKJIMBUM 3HU3HUTH BEPTUKAJIbHI IPUCKOPEHHS, SK1 MTiIOTh Ha
Hecy4y KOHCTPYKLit0 BaroHa-margopmu Ha 15% MOpiBHIHO 3 BAarOHOM-IIPOTOTHUIIOM.
Xij BaroHa OLIHIOETHCS SIK «BIAMIHHHI».

2,0
NO

; N

| a 3 |
S 1 N 111 O 1 R 1 O
E 10 |
-2,0

t,c

Puc. 7. Ilpuckopenns necyuoi Kpumoeo 6azona 6 yenmpi mac
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MakcuMmanbHe BepTHKaJbHE MPUCKOPEHHS Hecydoi KOHCTPYKINI KPUTOrO BaroHa
B MOPOXKHBOMY CTaHi CTaHOBHUTH Onu3bko 1,57 m/c? (0,16 g). 3 ypaxyBaHHIM 3aIpo-
MMOHOBAHOTO PIMICHHS CTAE MOXKJIIMBAM 3HU3WUTH BEPTHKaJIbHI MPUCKOPECHHS, SIKi JIIOTH
Ha HECy4y KOHCTPYKIIIFO KpUTOrO BaroHa maixke Ha 20%. Xia BaroHa OIIHIOETHCS SIK
«BIAMIHHUI.

OTxe, BIPOBaIXKEHHS MPYKHUX €JIEMEHTIB B HECY4i KOHCTPYKIIii BAHTaKHUX Baro-
HiB CIIpHUsi€ 3MEHIICHHIO X IMHAMIYHOT HaBaHTakeHOCTi Ha 20—35% TOPiBHSHO 3 THITO-
BHMU KOHCTPYKIIISIMU BaroHie (puc. 8).

N 3 -
= 0
2“ 2,5 - 35% 15%
w
=
5 2
g
2 1,5
)
=1
0,5
0
Haniaron = Baron-mnargopma Kpuruii Baron
# TUIIOBA KOHCTPYKIIis # yOCKOHAJIEHA KOHCTPYKIIis

Puc. 8. Ilopieuanvnuii ananiz npucKopeHs Hecyuux KOHCMpPYKYii 6a20HI8

Le cipusTMe 3MEHIIEHHIO BTOMHOI MIITHOCTI HECYYMX KOHCTPYKIIii BarOHIB, TTOJI0-
BXEHHIO CTPOKY X eKCILTyaTallii, SMeHIIeHHIO BUTPAT Ha MO3aILIaHOBI BUM PEMOHTIB,
a TaKoXX CTBOPEHHIO BiJIIOBIIHWX HAIpaIfoBaHb MO0 MPOEKTYBAaHHS 1HHOBAIIHHAX
KOHCTPYKIII PyXOMOTO CKJIaJy.

BucHoBKH. 3a1TpOITOHOBaHO KOHIIETITH OCHOBHUX HECYYHX €JIEMEHTIB Ky30BiB (pam)
BaHTA)XHUX BaroHiB. J{J1st 3SMEHIIIEHHA TMHAMIYHOT HABAHTaXKEHOCTI HECYYHX KOHCTPYK-
il BAaroHiB Ta ITiIBUIIICHHS BTOMHOI MIITHOCTI IIPH €KCIUTyaTaliifHAX PeKUMaX MPOTo-
HY€ETHCS BIPOBA/DKEHHS B HAMO1IbIII HABAHTAXKEHI €IIEMEHTH iX paM MPYKHUX 3B’ A3KiB.

[IpoBeneno MaremMaTwdHE MOJIENIOBAaHHS TUHAMIYHOI HABAaHTaXXCHOCTI BaroHiB
3 ypaxyBaHHSM 3alIPOIIOHOBAHMX 3aX0/iB. JloCiiKeHHs 3/1iliCHEH] 32 yMOBH PyXy Baro-
HIB y MIOPO’KHBOMY CTaHi CTUKOBOIO HEPiBHICTIO. BCTaHOBJIEHO, 110 MaKCUMAaIIbHE BEP-
TUKaJIbHE MPUCKOPEHHS Ky30Ba HAIlIBBarOHA y MOPOKHEOMY CTaHI CTAHOBUTH OJM3HKO
1,8 m/c? (0,18 g), Barona-rutarpopmu — 6mm3bko 2,0 m/c? (0,2 g), KpUTOro BaroHa —
ouusbko 1,57 m/c?.

[IpoananizoBaHo pe3ynbTaTH BU3HAYECHHS JMHAMIYHOI HaBaHTA)KEHOCTI Baro-
HIiB 13 IPYy)KHUMH €JIEMEHTaMHU B HECYyYHWX KOHCTPYKIisAX. Bukopucranus xpedToBoi
0aJIKu 3 TPYKHUMHU €JIEeMEHTaMH JIa€ 3MOTy 3MEHIIUTH AWHAMIYHY HaBaHTAXXECHICTh
HaliBBaroHa MOPIBHSHO 3 BaroHOM-IIPOTOTHIOM Maibke Ha 35%. BupoBamxeHHs
MIPY>XKHUX €JIIEMEHTIB y HECy4y KOHCTPYKIIiF0 BaroHa-1ar(GpopMu gae 3MOTY 3HU3UTH
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BEPTUKaJbHI MPUCKOPEHHS, SIKi JiI0Th Ha Hel Ha 15% mopiBHSAHO 3 BarOHOM-TIPOTO-
TUTIOM. BHKOpHCTaHHS MPYKHUX €JIEMEHTIB Y HEeCy4ill KOHCTPYKIII KPUTOTO BaroHa
JIO3BOJISIE 3MEHIIIUTH BEPTUKAJIbHI IPUCKOPEHHS, SIKi IIIOTh Ha HECY4y KOHCTPYKIIiIO
BaroHa Maiixe Ha 20%.

[Mpn mojampmIMX JOCHIPKEHHAX MHUTaHb BIPOBA/DKCHHS MPYKHUX €JIEMEHTIB

y Hecy4Yi KOHCTPYKIil BAHTa)XKHHX BaroHiB Ba)XIIMBUM € BU3HAYCHHS iXHHOT BTOMHOI
MIITHOCTI, a TaKOX MPOBEJCHHS EKCIIEPUMEHTANIBHUX MOCIipKeHb, OTpUMaHi pe3ylib-
TaTH CIPUATHMYTh CTBOPEHHIO IHHOBAIIMHUX KOHCTPYKIIH PYXOMOTO CKJIaJTy, @ TAKOXK
MIiJBUINECHHIO ¢()eKTUBHOCTI €KCIUTyaTallil 3a1i3HUYHOTO TPAHCIIOPTY.

44

JITEPATYPA

Slavchev S., Stoilov V., Purgic S. Static strength analysis of the body of
a wagon, series Zans. Journal of the Balkan Tribological Association.
2015. Vol. 21. No 1. P. 38-57.

Henyxa JIL.O., e A.O. TeopeTudHi Ta eKCHEpUMEHTANBHI JTOCII-
JOKSHHSI MIITHICHUX SIKOCTEH XpeOTOBOI Oallki BaHTaXXHOTO BaroHa. Hayka
Ta TMporpec TPaHCHOPTy. Bicuux /[Hinponemposcbko2o HAYIOHANLHOZO
YHigepcumemy 3aniznuunoeo mpancnopmy. 2018. Ne 1 (73). P. 131-147.
DOI: 10.15802/stp2018/123457

Milovanovic V., Dunic V., Rakic D., Zivkovic M. Identification causes
of cracking on the underframe of wagon for containers transportation —
Fatigue strength assessment of wagon welded joints. Engineering Failure
Analysis. 2013. Vol. 31. P. 118-131. DOI: http://dx.doi.org/10.1016/j.
engfailanal.2013.01.039

. Nandan Shivendra, Trivedi Rishikesh, Kant Satyajeet, Ahmad Javed,

Maniraj M. Design, analysis and prototype development of railway wagons
on different loading conditions. Preprint, 2020, March.

Hyun-Ah Lee, Seong-Beom Jung, Hwan-Hak Jang, Dae-Hwan Shin, Jang
Uk Lee, Kwang Woo Kim and Gyung-Jin Park. Structural-optimization-
based design process for the body of a railway vehicle made from extruded
aluminum panels. Journal of Rail and rapid transit. 2016. Vol. 11.

Fomin Oleksij, Lovska Alyona, Radkevych Valentyna, Horban Anatoliy,
Skliarenko Inna, Gurenkova Olga. The dynamic loading analysis of
containers placed on a flat wagon during shunting collisions. ARPN Journal
of Engineering and Applied Sciences.2019. Vol. 14. No. 21. P. 3747-3752.
Fomin O., Lovska A. Improvements in passenger car body for
higher stability of train ferry. Engineering Science and Technology
an International Journal. 2020. Vol. 23. Issue 6. P. 1455-1465.
DOI: https://doi.org/10.1016/j.jestch.2020.08.010

Hwvomin FO.B., Yepnsak ['}O. Ocunou nuHamiku BaroHiB. Kuis : KYETT,
2003. 269 c.

Fomin O., Lovska A., Pisték V., Kucera P. Research of stability of
containers in the combined trains during transportation by railroad ferry.
MM SCIENCE JOURNAL. 2020. MARTCH. P. 3728-3733. DOI:
10.17973 / MMSJ.2020 03 2019043



PO3BUTOK TPAHCIIOPTY
Ne 1(8), 2021

10.

11.

12.

13.

14.

15.

Fomin O., Lovska A., Pisték V., Kucera P. Dynamic load computational
modelling of containers placed onaflat wagon atrailroad ferry transportation.
VIBROENGINEERING PROCEDIA. 2019. Vol. 29. P. 118-123.
DOI: https://doi.org/10.21595/vp.2019.21132

Fomin Oleksij, Lovska Alyona. Establishing patterns in determining the
dynamics and strength of a covered freight car, which exhausted its resource.
Eastern-European Journal of Enterprise Technologies. 2020. Vol. 6.
No. 7 (108). P. 21-29. DOI: 10.15587/1729-4061.2020.217162

Vatulia G.L., Lobiak O.V., Deryzemlia S.V., Verevicheva M.A.,
Orel Ye.F. Rationalization of cross-sections of the composite reinforced
concrete span structure of bridges with a monolithic reinforced concrete
roadway slab. IOP Conference Series: Materials Science and Engineering.
2019. Vol. 664. 012014. DOI: 10.1088/1757-899X/664/1/012014

Vatulia G., Komagorova S., Pavliuchenkov M. Optimization of the truss
beam. Verification of the calculation results. MATEC Web of Conferences.
2018. Vol. 230. 02037. DOI: 10.1051/matecconf/201823002037

ACTY 7598:2014. Baronu BaHTaXkHi. 3arajibHi BAMOTHY JIO pO3paxyHKiB Ta
NPOEKTYBaHHS HOBUX 1 MOJICpHI30BaHHX BaroHiB koumii 1520 MM (Hecamo-
xigaux). Kuis, 2015. 162 c.

I'OCT 33211-2014. Barousl rpy3oBble. TpeOoBaHMs K IPOYHOCTH U TUHA-
MHMYECKUM KadecTBaM. Mocksa, 2016. 54 c.

REFERENCES

Slavchev, S., Stoilov, V., Purgic, S. (2015). Static strength analysis of
the body of a wagon, series Zans. Journal of the Balkan Tribological
Association, 2015. Vol. 21. No 1. P. 38-57.

Neduzha, L.O., Shvec, A.O. (2018). Teoretichni ta eksperimentalni
doslidzhennya micnisnih yakostej hrebtovoyi balki vantazhnogo vagona.
Nauka ta progres transportu. Visnik Dnipropetrovskogo nacionalnogo
universitetu zaliznichnogo transportu. 2018. Ne 1 (73). P. 131-147.
DOI: 10.15802/stp2018/123457 [in Ukrainian]

Milovanovic, V., Dunic, V., Rakic, D., Zivkovic, M. (2013).
Identification causes of cracking on the underframe of wagon for
containers transportation — Fatigue strength assessment of wagon
welded joints. Engineering Failure Analysis. 2013. Vol. 31. P. 118-131.
DOI: http://dx.doi.org/10.1016/j.engfailanal.2013.01.039

Nandan Shivendra, Trivedi Rishikesh, Kant Satyajeet, Ahmad Javed,
Maniraj M. (2020). Design, analysis and prototype development of railway
wagons on different loading conditions. Preprint. 2020. March.

Hyun-Ah Lee, Seong-Beom Jung, Hwan-Hak Jang, Dae-Hwan Shin, Jang Uk
Lee, Kwang Woo Kim and Gyung-Jin Park. (2016). Structural-optimization-
based design process for the body of a railway vehicle made from extruded
aluminum panels. Journal of Rail and rapid transit. 2016. Vol. 11.

Fomin Oleksij, Lovska Alyona, Radkevych Valentyna, Horban Anatoliy,
Skliarenko Inna, Gurenkova Olga. (2019). The dynamic loading analysis

45



PO3BUTOK TPAHCIIOPTY
Ne 1(8), 2021

46

10.

11.

12.

13.

14.

15.

of containers placed on a flat wagon during shunting collisions. ARPN
Journal of Engineering and Applied Sciences. 2019. Vol. 14. No. 21.
P. 3747-3752.

Fomin, O., Lovska, A. (2020). Improvements in passenger car body
for higher stability of train ferry. Engineering Science and Technology
an International Journal. 2020. Vol. 23. Issue 6. P. 1455-1465.
DOI: https://doi.org/10.1016/j.jestch.2020.08.010

Domin, Yu. V., Chernyak, G. Yu. (2003). Osnovi dinamiki vagoniv. Kiyiv:
KUETT, 2003. 269 s. [in Ukrainian]

Fomin, O., Lovska, A., Pisték, V., Kucera, P. (2020). Research of stability
of containers in the combined trains during transportation by railroad
ferry. MM SCIENCE JOURNAL. 2020. MARTCH. P. 3728-3733.
DOI: 10.17973 / MMSJ.2020_03 2019043

Fomin, O., Lovska, A., Pist€k, V., Kucera, P. (2019). Dynamic load
computational modelling of containers placed on a flat wagon at
railroad ferry transportation. VIBROENGINEERING PROCEDIA.
2019. Vol. 29. P. 118-123. DOI: https://doi.org/10.21595/vp.2019.21132
Fomin Oleksij, Lovska Alyona. (2020). Establishing patterns in determining
the dynamics and strength of a covered freight car, which exhausted
its resource. FEastern-European Journal of Enterprise Technologies.
2020. Vol. 6.No.7(108).P.21-29. DOI: 10.15587/1729-4061.2020.217162
Vatulia, G.L., Lobiak, O.V., Deryzemlia, S.V., Verevicheva, M.A.,
Orel, Ye.F. (2019). Rationalization of cross-sections of the composite
reinforced concrete span structure of bridges with a monolithic
reinforced concrete roadway slab. IOP Conference Series: Materials
Science and Engineering. 2019. Vol. 664. 012014. DOI:10.1088/1757-8
99X/664/1/012014

Vatulia, G., Komagorova, S., Pavliuchenkov, M. (2018). Optimization
of the truss beam. Verification of the calculation results. MATEC
Web of Conferences. 2018. Vol. 230. 02037. DOI. 10.1051/
matecconf/201823002037

DSTU 7598:2014. Vagoni vantazhni. Zagalni vimogi do rozrahunkiv
ta proektuvannya novih i modernizovanih vagoniv koliyi 1520 mm
(nesamohidnih). Kiyiv, 2015. 162 s. [in Ukrainian]

GOST 33211-2014. Vagony gruzovye. Trebovaniya k prochnosti i
dinamicheskim kachestvam. Moskva, 2016. 54 s. [in Russian]



