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3 BUITYKIMMU CTIHAMMU IIPU NEPEBE3EHHI 3AJIIBHUYHUM TIOPOMOM
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EXAMINATION OF THE LOAD-BEARING STRUCTURE OF A RAIL CAR WITH
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B mamepianax cmammi nposedeno eusnauenns OUHAMIUHOT

HABAHMAICEHOCMI HeCy4oi KOHCMPYKYIi Hanieeazona npu ne-
Ppese3enti 3ani3HUYHUM NOPOMOM. B sixocmi npomomuny 06-

pano Haniesazon modeni 12-757. Ocobnugicmio Hecyuoi

KOHCMPYKYIL HANi88A2OHA € HAABHICMb GUNYKIUX CIMIH, WO 00-
380/1€ NIOBUWUMU KOPUCHUL 00 €M 11020 Ky308a Ha 8% y no-
pisnanni 3 npomomunom. [s Modicaugocmi nepegesents Ha-
ni66azoHa HA 3aNI3HUYHOMY NOPO NPONOHYEMbCA NOCMAHOBKY
HA 8EPMUKANLHUX TUCTNAX U020 WBOPHESUX OANIOK IUCMIE Ois
3aKpINeHHA TAHYIO208UX CIISAJICOK.

Js obrpynmysanna 3anponoHo8an020 piuieHHs Npo8eodeHO
BUBHAUEHHS. OUHAMIYHOT HABAHMAICEHOCMI HeCYHOl KOHCMp)-
Kyii Hanieeazona npu nepeee3eHHi 3ani3HU4HUM NOPOMOM MO-
pem. [Qna ybozo cghopmosano mamemamuiny mooens, AKa Xa-
pakmepu3sye nepemiujeHts 3ani3HU4HO20 NOPOMY 3 BACOHAMU
HABKONO N0830082iCHbOI oci (Kper). [ocriocenuss nposederi
cmocogHo 3anisHuyno2o nopomy ‘“I'epou [llunxu”, wo pyxa-

emocs akeamopicio Yopnozo mops. Po3s’sizox cghopmosanor

Mamemamuuroi Mooeni 30iliCHeHUll 8 NPOSPAMHOMY KOMNIEK-
ci MathCad npu nouamkosux ymogax pisnux nymo. 3azanvna
6eUYUHA NPUCKOPEHHSL 3 YPAXYE6AHHAM 20PU3OHMANLHOL CKIA-
0060i" NPUCKOPENHSA GiNbHO20 NAOIHHA, 00YMOGIEHOI0 KYyMOM
Kpeny 3anizHuuHo2o nopomy, ckrana 0,24g. Ompumana eenu-
YUHA NPUCKOPEHHS 8PAXOBAHA NPU PO3PAXYHKAX HA MIYHICMb
Hecyuoi KOHCMpYKYii Hanieeacoma 3a mMemoooM CKIHUEHUX
eneMenmie, AKUll peanizo8aHo 6 NPOPAMHOMY KOMHIEKCI
SolidWorks Simulation. Ocobnugicmio po3paxynkosoi mooeni
€ me, Wo 80HA 8PAXOGYE HABANMAICEHHS, AKI OiloMb HA Hecy-
Yy KOHCMPYKYII0 HANiB8a2oHA Yepe3 n1anyio2osi cmsicku. Pe-
3ynbmamu po3paxyHKie 6CMAHOSUNU, U0 MAKCUMATbHI eK6i6a-
JIeHMHI HANPYHCeHHs GUHUKAIOMb @ 30Hi padiaibHO20 NPUIUGY
8ysna 014 3akpinnenus ma ckraoaome 245,2 Mlla. Oouak
OMPUMANT HANPYICEHHSI He Nepesulyyioms Oonycmumux. B
nonepeyHux 0AIKax pamu MaKCUMAibHi eKGi8anNeHmHI Hanpy-
arcenns cknanu 6nuzvko 180 Mlla, a 6 cepedHiti uacmuni xpe-
b6mosoi 6anku — 6auzexo 160 Mlla.

Ilposeoeni docnioscennss cnpuamumyms 3abesne-uenuo 0e3-
neKu nepese3eHb 6a20HI8 MOpeM, CKOPOYEH-HIO SUMpPam Ha
NO3anIaHo6i 8UOU IX PEeMOHMIB, eKOAO2I-YUHOCMI 3ANI3HUYHO-
HOPOMHUX Nepege3eHdb, d MAKONC Ni-08UWEHHIO eheKmUBHOC-
mi ix excniyamayii.

Kniouogi cnosa: mpancnopmna mexamika, Hanie8azom, Hecyua
KOHCMPYKYIA, OUHAMIYHA HABAHMAICEHICMb, MIYHICMb, 3a/113-
HUYHO-NOPOMHI NepeGe3eHH .

Beryn. EdextuBHicTs QyHKIIIOHYBaHHS TPaHCIO-
PTHOI Tay3i 3yMOBIIOE€ HEOOXIAHICTH BIPOBAKECHHS B
EKCIUTyaTallil0 Cy4acHUX TPAaHCIOPTHUX 3aco0iB. Ocki-
JbKM OCHOBHHI CErMEHT IMEpEeBI3HOr0 MPOLECy BiJBO-
JOUThCS 3aJ3HUYHOMY TPAHCIOPTY, TO OO CTBOPEHHS
Cy4YacHUX KOHCTPYKLIH BaroHiB MOBUHHI
npea’ SIBISTHCS. 0COONINBI yMOBH. 30KpeMa 11e CTOCY€ETh-
cs iX HECY4nX KOHCTPYKIIiH.

[Ipu mpoekTyBaHHI HECYYMX KOHCTPYKIiH cydac-
HHUX BaroHiB HEOOXIIHHM € BpaXyBaHHS YTOYHCHUX Be-
JIMYMH HABAHTAXXCHb, SKi MOXKYTh JISITH HA HUX HE TiNb-
KM TIPH eKCIUTyaTallil Ha MariCTpalbHUX KOJifX, a i mpu
KOMOIHOBaHHX 3aJli3HUYHO-TIOPOMHHUX TEPEBE3CHHIX.
JlaHuil HanmpsIMOK € JOCHUTh akTYaJbHUM Uil YKpaiHu,
OCKLJIbKM BOH2 Ma€ BUXOAU Y MDKHAPOJHE CIIOMY4CHHS
yepe3 akBaTopii YopHOTro Ta A30BCHKOTO MOPIB.

OnHUM 3 HaWOIMBII TOIIMPEHUX THIIIB BaroHis,
SKUil 3HANIIOB BUKOPUCTAHHS B MiXHAPOJAHOMY 3ai3-
HUYHO-BOJIHOMY CHOJIyYeHHi € HamiBBaroH. [lns 3a0e3-
TICYCHHS aJanTallii Hecydoi KOHCTPYKIIi HamiBBaroHa
0 0e3revyHOro MepeBe3eHHs 3ali3HUYHUM IOPOMOM
BOXIIMBHM € Horo ymockoHaneHHs. Lle crnpustume 3a-
Oe3rneueHAI0 Oe3MeKH MePEeBe3eHb BarOHIB MOpPEM, CKO-
POYCHHIO BUTpPAT HAa IMO3AILIAHOBI BUAM PEMOHTIB, €KO-
JIOTIYHOCTI 3aJII3HUYHO-TIOPOMHUX TIEPEBE3CHB, a TAKOXK
Mi/IBUIIEHHIO €PEKTUBHOCTI 1X eKCILTyaTallii.

AHani3 ocTaHHIX gocaigxkeHb i myoaikauii. [Jo-
CJIIJPKEHHST MII[HOCTI 3BapHOI HECY4Oi KOHCTPYKIIi Ky-
30Ba BaroHa IPOBOJUTHCS y poboTi [1]. BusHauyeHo
NPUYMHE BUHUKHEHHS Ne(EKTIB y KOHCTPYKLINHHHX
eleMeHTax Ky30Ba Baroua. /[y 3a0e3neveHHs MiITHOCTI
Ky30BiB BaroHiB HOBOI MOOYZOBH, a TaKOX THX, IO
MIPOXOJSITH PEMOHT, 3aIlPONOHOBAHI 3aX0AX 100 YJIO-
ckoHasieHHs. Ilpu 1boMy B 30HI B3aemomii xpeOToBOI
0ayKy 31 MBOPHEBOIO 3IIMCHIOETHCS BCTAHOBIICHHS ITiJI-
CIITIOIOUNX eneMeHTiB. OmHaK NpH CKIaJaHHI MOl
MII[HOCTI paMH BaroHa He BPaxOBaHi 3yCHJUIA, SIKI MO-
KYTb JISTH [IPU MEPEBE3CHHI Ha 3al1I3HUYHOMY ITOPOMI.
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AHai3 KOHCTPYKIIHHHX OCOOIMBOCTEH BaHTaX-
nux BaroniB BCNHL npoBoauthes y myOmikamii [2].
Bu3HaueHO MOXJIMBI NULSIXM TOKpAIEHHS TEXHIKO-
€KOHOMIYHMX IIOKa3HUKIB BaroHiB JUIA IIIJBUIICHHS
e(heKTUBHOCTI 1X eKcIuTyarallii. BayXJIMBO ckaszarty, 10 B
JaHiii poOOTI HE MPHIUIIETHCS YBarM HEOOXiTHOCTI
YIOCKOHAJIEHHS CXEMH B3a€MOJii BaroHa 3 nairy0oro 3a-
J3HUYIHOTO TTOPOMY.

BusHaueHHS AWHAMIYHOT HABAHTAXKCHOCTI KYy30BIB
BaHTA)XHUX BAaroHiB, HECydi €JIEMEHTH SKMX BHUKOHAHI 3
Kpyrimx Tpy0 mpoBoauthesi y poboti [3]. PozpaxoBano
MIPUCKOPEHHS, SKi JIifOTh HA BarOHH NPH MaHEBPOBOMY
CHiByapsiHHI HIISIXOM MaTeMaTU4HOI0 Ta
KOMIT FOTEPHOTO MOJENoBaHHA. J[OBEJICHO AOIIIBHICTD
3alpONIOHOBAHNX TEXHIYHHMX PIlIeHb IIONO YAOCKOHA-
neHHs BaroHiB. OHaK IpU MPOEKTYBaHHI TaHUX KOHC-
TPYKIii BaroHiB JI0 yBaru NpUHHATI HaBaHTa)KEHHS, SIK1
MOXYTh JSATH TUTBKHU MPH €KCIUIyaTallii BiTHOCHO Mari-
CTPAJIbHUX KOJIIH.

JlocmipkeHHs JHHAMIYHUX HaBaHTaKEHb, SIKi JIi-
I0Th Ha Ky30Ba BaHTQ)KHHUX BaroHIB MPHU MEPEBE3CHHI HA
3aJI3HUYHOMY TIOPOMi, IPOBOIUTHCA Yy poborti [4]. O6-
TPYHTOBAaHO HEOOXiTHICTh BpaxyBaHHS HaBaHTaXKCHb,
SKi JIFOTh Ha BaroHH MpU MEPEeBE3eHHI Ha 3aIII3HUYHHUX
MOpoMax Ha CTajiii MPOEKTYBaHHS B yMOBaX BaroHoOY-
JIBHUX IiANpHeMCTB. [INTaHHAM IMOJ0 yIOCKOHAICHHS
CXEeMH B3a€MOJii Ky30BiB BaroHiB Iyl 3a0e3redeHHs
HaJiMHOCTI 3aKpilJIeHHs Ha nayy0l 3aJli3HUYHOTO MO-
pOMy B pOOOTI YBaru He MPHUIIISETHCS.

JocnimKeHHsT MIIHOCTI Ky30Ba HalliBBaroHa Ipu
SKCILTyaTaliifHIX PEeKUMAX HaBAaHTAXKCHHS MPOBOAUTH-
ca y myOmikamisx [5, 6]. Pe3ynpTaté MOCHTIHKEHD TTOKa-
3aJIH, MI0 METOJ MPOTHO3YBAaHHS BTOMHOI MIITHOCTI Ky-
30Ba, 3aCHOBaHWI Ha TiOPUIHOMY MOJEIIOBAaHHI AMHA-
MIKHM Ta aHaii3l 3a METOJOM CKIHYEHHX EJIEMEHTIB €
MOXXJIMBUM. 3aJaya BH3HAUCHHS IMHAMIYHOI HaBaHTa-
KEHOCTI Ta MIIHOCTI HeCy4ol KOHCTPYKLII BaroHa mpu
NepeBe3CHHI Ha 3aTI3HUYHOMY TTOPOMi B JIaHUX poOoTax
HE CTaBUTHCS.

TeopernuHe Ta eKCIIEpUMEHTAJIbHE IOCIIIKCHHS
MIIIHOCTI BaHT@)XHOTO BaroHa NPOBOJHUTHCS y PoOOTi
[7]. TIpu mpoMy 1O yBaru MpHUHHSTI HOPMATHBHI BEJH-
YHHU HABaHTAXXCHb, SKi AIIOTh HA BarOH NPH CKCILTya-
Tarii BiTHOCHO peHKOBHUX Komii. JlocmimKeHHsT MilHOC-
Ti Ky30Ba BaroHa 3 ypaxyBaHHSIM HaBaHTaXCHb, SKi Mi-
I0Th Ha HBOTO IIPH MIEPEBE3CHHI 3aTI3HUYHUM ITOPOMOM
B p0o0OOTI HE POBOUTHCSL.

Oco0JHMBOCTI  CTPYKTYPHO-JMHAMIYHOTO aHANi3y
BaroHa BHCBITJIIeHI y po6oti [8]. docmimxkeHHs mpoBe-
JIcHI 32 METOJIOM CKiHYEHUX eleMeHTIB. [IpH 1bomMy po-
3MIIHYTO 0araTopiBHEBY CHUCTEMY BUIBHOCTI Barosa.
OpHak 0 yBard He NPHUHHATI HaBaHTaXEHHs, sIKi MO-
XKYTh JiSTH Ha HBOTO MPH TEPEBE3CHHSAX Ha 3alli3HUY-
HUX ITOpPOMaXx.

[IpoBenenuit anani3 miteparypHux mxepen [1 — 8]
JO3BOJISIE 3pOOUTH BUCHOBOK, IO MUTaHHS BU3HAYCHHS
MUHAMIYHOI HAaBaHTAXXCHOCTi, MIITHOCTI Ta YIOCKOHa-
JICHHA HECY4YHX KOHCTPYKIIIi BaroHiB IIPH IIEPEBE3CH-
HSIX Ha 3aJII3HUYHHUX TIOPOMax Ha Cy4acHOMY eTarli po3-

BUTKY TPAHCIIOPTHOI T'aly31 BAMAararoTh OiTBII peTelb-
HOI yBaru.

Mera crarri. MeToro crarTi € JOCHIIKEHHS Ha-
BaHTAKCHOCTI HECY40i KOHCTPYKIIi HamiBBaroHa 3 BH-
MyKJIUMH CTiHAMHU TPU MEPEBE3CHHI 3aTi3HMYHUM IIO-
poMoMm. JIJisl JOCSTHEHHs 3a3HAYCHOT METH BU3HAUYCHI
Taki 3aBIaHHs:

- 3aIPOTIOHYBATH 3aXO0H MO0 3a0e3MCUCHHS Ha-
JIHOCTI 3aKpiIUICHHST HECY40i KOHCTPYKII HamiBBaro-
Ha 3 BHUITyKJIMMH CTiHAMH Ha Maxy0i 3alli3HUYHOTO IIO-
pomy; )

- MPOBECTH MATEeMaTHYHE MOJICIIIOBAHHS JUHAMIY-
HOi HaBaHTAXEHOCTI HaIliBBaroHa IpH MEPeBe3eHHI 3a-
J3HUYHUAM [TOPOMOM;

- IPOBECTH BU3HAYEHHSI OCHOBHHUX MOKA3HHUKIB Mi-
IHOCTI HECy4oi KOHCTPYKIIii HaIiBBaroHa Ipu IepeBe-
3CHHI 3aTI3HUYHUM [TOPOMOM.

Bukjgaa OCHOBHOTO MaTepialy d0CTiIKeHHS.
Jlns migBuIeHHsT 00’ €MiB MepeBe3eHb BaHTAXKIB y HalTi-
BBaroHaX 3aIlpOIIOHOBAHO KOHIIENIT HECYy4Oi KOHCTPYK-
uii 3 BunykiauMu crinamu (puc. 1). Taka xoH®irypamis
OOKOBMX CTIH IO3BOJISE TIIBUIINTH KOPHCHUH 00’ €M
Ky3oBa Ha 8% y TOpIBHSHHI 3 BaroHOM-IIPOTOTHIIOM
[9]. ¥V 3B’s3Ky 3 MiIBHUIIEHHSM BaHTaXOIiJHOMHOCTI
BaroHa HEOOXIMHMM € 30UIbIIEHHS JYXOPCTKOCTI HOTro
pamu. [{poro MOMIIMBO JOCSTTH HUISIXOM BCTaHOBJICHHS
MICUITIOIYNX AiadparM, BUKOPUCTAHHIM rodp B Haid-
OLIBII HABAaHTAKEHHUX 30HAX TOMIO. JloCTimKeHHS mMpo-
BEIEHO CTOCOBHO HamiBBarona mozei 12-757.

Puc. 1. Hecy4a KoHCTpyYKIIisl HarliBBaroHa
3 BUITyKJIIMH CTiHAMU

PesympraTii po3paxyHKiB Ha MIIHICTE HeCydol
KOHCTPYKIIii HammiBBaroHa IpH OCHOBHUX EKCILTyaTa-
WIHUX peXHMaxX HaBaHTAXEHb IMiATBEPIIN JOILIb-
HICTb 3aIPONOHOBAHMX PIllICHb.

Jlnist MOXKITMBOCTI MEpEBE3CHHsI HAIIBBAroHa Ha 3a-
J3HUYHOMY MOPOMI 3aIpOIIOHOBAaHO BCTaHOBIICHHS Ha
HOro mIBOpHEBUX Oaykax BY3IiB /s 3aKpiIUICHHs JaH-
LIOTOBHX CTSDKOK (puC. 2).

Jnst BU3HAYCHHS MPUCKOPEHBb Ky30Ba HAIiBBaroHa
OpU TEPEBE3CHHI 3ali3HUYHUM TOPOMOM MPOBEICHO
MaTeMaTudHe MojemoBanHs [4]. s mporo copmoBa-
HO MaTeMaTH4YHy MOJENb KOJHMBaHb 3aJi3HUYHOTO MO-
pOMy 3 Ky30BaMH BaroHiB, pO3MIIICHUMH Ha HBOMY

(puc. 3).
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Puc. 2. Y nockoHaeHHS HeCyJoi KOHCTPYKIiT HalliBBaroHa:
a — BY30JI JUTsI 3aKpiIUICHHS;
0 — cxeMa 3aKpilUICHHS BaroHa Ha naiyo0i

Pk h]c

Puc. 3. Po3paxyHkoBa cxema Uil BU3SHAYCHHS TUHAMI9HOL
HaBaHTA)KEHOCTI Ky30Ba HaIliBBaroHa

PiBusiHHs (1) BpaxoBye KyTOBi IepeMillleHHS
3aJII3HNYHOTO TIOpPOMY 3 BaroHaMH Ha HOro mamyoax
BiZTHOCHO TIOB3JIOBXKHBOI OCi.

L.(BZ 4_4.22).5]'1 " A9~£ g =
12-g s 2 0

h B .
=p-=+A = F(),
Peot Ao ®

JIe ¢ — Yy3araJbHeHa KOOpAMHATa, IO BiJIIOBiAAE
KyTOBOMY TEPEMIIIEHHIO 3aJIi3HUYHOTO IOpOMY 3
BaroHaMH HaBKOJIO ITOB3/I0BXKHBOI OCi X.

D — BaroBe BOJOBHUTICHEHHS 3aJII3HUYHOTO MTOPOMY;
B — mmpuHa 3amizHUYHOTO TOpoMy; /s — BHcoTa OopTta
3aJi3HUYHOTO TopoMy; Ay — Koe(illieHT omopy

KONMBaHHAM; Z,— KOOpAMHATa LEHTPYy  Baru
3aJI3HUYHOTO TOPOMY; p'— BITPOBE HAaBaHTAXKEHHS Ha
HAJIBOJIHY MPOEKIIO 3aJi3HUYHOTO MOPOMY 3 BarOHAMH,
pO3MillleHUMH Ha BepxHid mamy0i; F(f)— 3akoH nil
3ycHUIsL, sike 30yproe pyxX 3alli3HUYHOIO MOpOMY 3
Ky30BaMH BaroHiB, pO3MIIlICHUMH Ha HOro namybax.

Pos3B’s3annst  mudepeHumianbHoro  piBHsHHS (1)
3[IHCHEHO B CEPEAOBHILI NPOrPaMHOrO KOMILIEKCY
Mathcad 3a meronom Pynre-Kyrra [10, 11]. ITogaTkosi
YMOBH NPUHHATI PIBHUMHU HYIIO.

Po3paxyHKH TIpOBEIEHI CTOCOBHO 3ai3HHYHOTO
mopomy “I'epom Llumku”, MmO pyxaeThCsl aKBaTOPIEO
YopHoro mops. ['igpoMeTeoposioriyHi napameTpy akpa-
TOpIT MIaBaHHsI 3AJTI3HUYHOTO TIOPOMY BH3HAYEHI Ha ITi-
JcTaBi noBinakoBoi siteparypu [11]. BeraHosneHo, 1o
MaKCHMAaJIbHI MPUCKOPEHHSI BUHUKAIOTh MPU KypPCOBHX
KyTax XBHUJII MO BiJIHOUICHHIO 10 KOPITyca 3ai3HHYHOTO
nopomy 60° ta 120° i cknamarots 0,2 m/c* (puc. 4). TIpu
bOMY Ha OCi OpJMHAT HaBeJIeHI MPUCKOPCHHS 3 ypaxy-
BaHHSM PI3HUX KYPCOBHX KYTiB XBHJIb 110 BiTHOIICHHIO
JI0 KOpIIyca 3ali3HHYHOTO MOPOMY. 3arajibHa BEIUYHHA
NPUCKOPEHHS 3 ypaxyBaHHSIM T'OPH30HTAJIBHOI CKJIAJO-
BOI MIPHUCKOPEHHS BUTPHOTO MAMiHHSA, 0OYMOBJICHOIO KY-
TOM KpeHy 3alli3HMYHOro nopomy, ckinama 0,24g. [pu
IIbOMY BPaXxOBaHO, 110 KyT KPeHY 3aJIi3HUYHOTO IOPOMY
BUKJIMKaHUH CTATUYHOIO JII€I0 BITPY Ha HOTo HAJIBOAHY

MPOEKITIIO 1 TOPIBHIOE 12,20.
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o

Puc. 4. [lpuckopeHHs, SKi AifOTh HA HECYYy KOHCTPYKLIIO
HaIiBBaroHa Ipy NepeBe3eHH1 3aIi3HIYHUM TIOPOMOM

OTpuMaHa BelInYMHA MPUCKOPEHHS BpaXxOBaHa IpH
pO3paxyHKax Ha MIIHICTh HECy4ol KOHCTPYKIi HarliB-
BaroHa. Po3paxyHOK 3/1iliCHEHHH 32 METOIOM CKiHUCHHX
€JIEMEHTIB B nporpaMHoMy komrutekci SolidWorks Sim-
ulation.

IIpu cxmamaHHI CKiHYEHO-EIIEMEHTHOI MOZETI BH-
KOpHCTaHi i3omapameTpudHi Terpaeapu [12, 13]. Omnru-
MaJlbHa YUCEJIBbHICTh CKIHYCHUX €JIEMEHTIB PO3paxoBa-
Ha 3a rpadoaHamiTHdHUM MetonoMm [14, 15]. 3akpin-
JICHHSI MOJIENI 3[IMICHIOBANIOCS 32 TOPU30OHTAIBHI YacTH-
HU II’ITHHUKIB, TOOTO B 30HaX OOMHMpPaHHS Ha XOIOBI Yac-
THUHH, @ TaKOXK B 30HaX B3aEMOJil MEXaHIYHUX YHOp-
JIOMKpATiB 31 IIBOpHEBUMH OasikamH. Marepian mMeTano-
KOHCTPYKILII Ky30Ba — ctanbs Mapku 091 2C.

Po3paxyHKoBy cxeMy Hecy4oi KOHCTPyKIii HarriB-
BaroHa HaBEIEHO Ha puc. 5. BpaxoBaHo, 10 Ha Ky30B
HaliBBaroHa Jii€ BEpTUKAJbHE CTaTHYHE HABaHTAKCHHS
PS™, THCK PO3IOPY HACHIIHOIO BAaHTAXYy P, a TaKox
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HABaHTaXXCHHS, AKi JIIOTh Yepe3 JIAHIFOTOBI CTSKKHU P,
OCKIUIBKY JIAHITIOTOBI CTSDKKH MaloTh IPOCTOPOBE PO3-
MimmeHHs [16], To HaBaHTaXXeHHS, sIKe Oye mepenaBaTu-
Ci Ha Ky30B uepe3 HHX, PO3KIAAanocs Ha CKIAIo-
Bi (puc. 6). Y sKOCTI HAaCHITHOIO BAaHTAXy NPHHHSATO
KaM’siHe BYTUUIS, K OJMH 3 HaHO1IbLI MMOUIMPEHUX TH-
B BaHTaXIB, 1[0 MEPEBO3ATHCS HAIMIBBATOHAMU Y MiXK-
HApOTHOMY-3aTiI3HHYHO-BOAHOMY CIIOJyUYCHHI.

Puc. 5. Po3paxyHkoBa cxema Hecy4ol KOHCTPYKLIiT
HaliBBaroHa

Puc. 6. HaBanTakeHHs, sIKi JIIOTh Ha BY30JI 3aKPIIICHHS
4yepes JIAHIIOTOBI CTSHKKA

von Mises (N/m°)
2.452e + 008
2.248e + 008
- 2.043¢ + 008
- 1.839¢ + 008
- 1.635¢ + 008
- 1.430e + 008
[ 1.226e + 008
- 1.022¢ + 008
- 8.174e + 007
- 6.131e + 007
4.087¢ + 007
2.044e + 007
2.432¢ + 002

Puc. 7. Hanpy>xeHuii ctaH By3a Juisl 3aKpiIuIeHHs

Ha mincraBi mpoBeneHnx po3paxyHKiB BCTaHOBIIE-
HO, 10 MaKCHMaJbHI €KBiBaJICHTHI HANpy>KCeHHS BHHU-
KaloTh B 30HI pagiajIbHOTO NPWIIMBY By3Ja Ui 3aKpill-
JeHHd Ta ckiagaoTs 245,2 MIla (puc. 7). OgHax oTpu-
MaHi Hanpy»XeHHs He NEePEeBUIIYIOTh JomycTUMux [17,

18]. B momepeunnx Oaikax paMid MaKCHMAallbHI CKBiBa-
JICHTHI HanpykxeHHsa ckianu 6muspko 180 Mlla, a B ce-
penHiii gactuHi XxpedToBOi Oamku — Omm3pko 160 MIla

(puc. 8).

von Mises (N/m?)
2.452¢ + 008
l 2.248¢ + 008
2.043¢ + 003
1.839¢ + 008
1.635¢ + 008
1.430¢ + 008
§ 1.226¢ + 008
1.022¢ + 008
3.174¢ + 007
6.131¢ + 007
4.087¢ + 007
2.044¢ + 007

2.432¢ + 002

Puc. 8. Hampy>xenuii cran HeCcy4oi KOHCTPYKIii HalliBBarona

BucHoBku:

1. 3ampomoHOBaHO 3aXOIU MO0 3a0e3ICUCHHS
HaJlIHOCTI 3aKpiIUICHHs] HeCYy40i KOHCTPYKIIii HariBBa-
roHa 3 BHITYKJIMMHU CTiHAMH Ha HaidyOi 3aJli3HUYHOTO
MOpPOMY HIJISIXOM BCTAHOBJICHHS Ha IIBOPHEBHX OaJiKax
BY3JIIB JUI 3aKPIIUICHHS JIAHIIOTOBUX CTSDKOK.

2. IIpoBeneHO MaTeMaTHYHE MOJEIIOBAHHS AWHA-
MIYHOT HABaHTAXXCHOCTi HAITiBBarOHAa ITIPH NEpEeBE3CHHI
3ai3HUYHAM TTopoMoM. [lo yBaru mpuiHATO KyTOBI Ie-
peMIIIeHHS 3aII3HIYHOTO TOPOMY BiTHOCHO TIOB3JIOBXK-
HBOT oci. BcTaHOBJICHO, 10 MaKCHUMaJIbHI PUCKOPEHHS
BUHMKAIOTh IPH KYPCOBHX KyTax XBHWIIb IO BiJHOLICH-
HIO 0 KOpmyca 3amisHmuroro mopomy 60° Ta 120° i
cxnamaots 0,2 M/c’. 3aranpHa BETMUYHHA NPUCKOPEHHS
3 YpaxyBaHHSIM T'OPU30HTAJIBHOI CKJIJI0BOI ITPUCKOPEH-
HS BUIBHOTO ITaAiHHS, 00yMOBJICHOIO KYTOM KpEHY 3ali-
3HUYHOTO MopoMmy, ckiana 0,24g.

3. IIpoBeneHO BU3HAYECHHS OCHOBHHMX NMOKA3HHKIB
MIITHOCTI Hecy4ol KOHCTPYKIii HaliBBaroHa mpu mepe-
BE3€HHI 3aJi3HWYHUM TOopoMoM. [Ipu nmpoMy Makcmma-
JBHI €KBIBAJICHTHI HANPYXXCHHS BUHUKAIOTH B 30HI pa-
JiaJbHOTO MPUIIUBY By371a AJSI 3aKPIIIEHHS Ta CKJIaja-
10Th 245,2 MlIla. OgHak oTpuMaHi Hapy>KeHHS HE Iie-
PEBHLIYIOTh JIOIYCTUMHUX. B monepeyHux Oankax pamu
MaKCHMaJIbHI €KBIBaJICHTHI HANpPYKEHHsI CKJIaIK OJIn3b-
ko 180 MIla, a B cepenHiif yacTuHi XpeOTOBOI OAIKKM —
6mm3bko 160 MITa.

[IpoBeneni MOCHIIPKEHHSI CHPUATUMYTH 3a0e3re-
YEHHIO OC3MeKH NepeBe3eHb BaroHiB MOPEM, CKOpOYCH-
HIO BHTPAT Ha MMO3AIUIAaHOBI BUIH iX PEMOHTIB, €KOJIOTi-
YHOCTI 3aJli3HHYHO-IIOPOMHUX TIEPEBE3eHb, a TAKOXK ITi-
JIBUIICHHIO €(eKTUBHOCTI IX eKCIUTyaTaIllii.
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Fomin O. V., Lovska A. O. Examination of the load-
bearing structure of a rail car with convex walls during
transportation by railway ferry

The article is devoted to determination of dynamic load-
car load-carrying capacity of the upgraded load-car bearing
structure when transported by railroad vice. Feature of the
load-bearing structure of the wagon is the presence of convex
walls, which allows to increase the carcass volume by 8%
compared with the prototype. Due to the increase of the car
load-carrying capacity the stiffness of the car frame is in-
creased due to installation of reinforcing diaphragms, use of
corrugations in the most burdened zones, etc.

The load-bearing structure of the car is adapted to the
transportation on the railway ferry. For this purpose, nodes

for fastening of lancet couplers were installed on vertical
plates of the pivot beams.

The results of dynamic load-car load-car load-carrying
structure determination when the railroad car is carried by
the sea are given. For this purpose, a mathematical model,
which characterizes the transfer of the railroad sill with the
cars, located on its decks, on the moving axis (roll). Hydrome-
teorological and logistical parameters of the water area of the
sailing of the railroad sill were determined on the basis of the
updated literature. The mathematical model was developed
with the MathCad software package using the Runge-Cutt
method. The initial conditions were set equal to zero. The re-
sults of these calculations showed that the total value of accel-
eration, which acts on the car load carrying structure, is
0.24g.

The obtained value of the acceleration was taken into
account when calculating the strength of the load-bearing
structure of the wagon by the method of connected elements in
the SolidWorks Simulation program complex. When creating
the calculation model, the loads acting on the load-bearing
structure of the wagon through the lancet ties were taken into
account. The results of the calculations showed that the maxi-
mum quantum-component loads occur in the area of the radial
tide of the node to fasten the lancet ties but they do not exceed
the admissible values.

The results of the conducted research will contribute to
ensuring the safety of carriage by sea, reducing the cost of
their repairs, the environmental friendliness of the railroad
carriage, as well as increasing the efficiency of their opera-
tion.

Keywords: transport mechanics, wagon, load-carrying
structure, dynamic load, strength, railroad carriage.
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