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A Railway Car on a Ferry:
Impact of Sea Wave

(TeKCT cTaTbyl Ha aHr1.513. —
English text of the article — p.68)

ABTOpOM npepacrTas/ieHbl pe3ysbTaTbl
nccrienoBaHNi AUHAMUKN KY30BOB
rpy30BbiXx BaroHOB rpu nepeBo3Ke

Ha XeJ1e3HO[40POXXHbIX MapoMax

B yCJZ10BUSIX MOPCKOIro BOJIHeHus1

C y4eTOM pa3JINYHbIX KypPCOBbIX yrjioB
BOJIHbI [10 OTHOLLUEHMUIO K KOprycy.
PaccmaTtpuBaloTcss OCHOBHbIE BUAbI
KosiebatesibHOro ABVXXeHus BaroHa npv
BOJIHEHUUN MOpPSi, KOTOPbIe OKa3biBaloT
BJINSIHWNE Ha MPOYHOCTb U YCTONYUBOCTb
KY30BHOWM KOHCTPYKLNU, HaxoasiLLencs
Ha BepxHeli nasay6e napoma.

Kno4eBbie c1o0Ba: Xesne3H040P0XHO-
BO/IHbIVI TPAHCIMOPT, NapOMHbIE MEPEBO3KU,
MOPCKME BOJTHEHWSI, rPY30BOV BaroH,
AVHaMyKa BO3AEVCTBU, HarpyXeHue
KOHCTPYKUNU, Matematmndeckasi MoAesb.
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HAYKA U TEXHW

BaroH Ha napome:
BO34EeUCTBUE MOPCKOM
BOJIHbI

Jlosckas Aaéna Anexcandposna — kanouoam
MexXHU4ecKux HayK, cmapuiuil npenodasament
Kagedpwr «Baeonvr Yipaunckoii eocydapcmeennoi
aKademuu ycene3Ho00PONCHO20 MPAHCHOPMA,
Xapokos, Ykpauna.

a3BUTHE BHEIIHEOKOHOMMUYECKUX

cBsi3eit Mexay rocynapctsamMu EBpo-

bl U1 A3UM CTUMYJIMPYET CO3IaHKUE
M 3KCIJIyaTallMio KOMOMHUPOBAHHBIX
TpaHCIIOPTHBIX cucTeM. Hanbouee mepcriex-
TUBHBIMU CPEIM HUX CYMTAIOTCS KOHTPEIi-
JIepHbIE U KOHTEMHEPHbIE MEPEBO3KMU.
B cTpaHax, MMEIOIIMX BBIXOJ B MOPCKYIO
aKBaTOPUIO, HAIIUIX YCIEIIHOE IPUMEHEHUE
JKEJIE3HOIOPOXHO-ITapOMHbIE Tpy30Iiepe-
BO3KHU.

OLLEEHO4YHbIE NOoAxXoabl

IIpouecc HarpyxkeHuss HECYIIUX KOH-
CTPYKIIMiI1 Ky30BOB BaroHOB IIpU CJIeI0Ba-
HUU UX KEJIE3HOAOPOXHBIMU IMapoMaMu
(ZKJIT) Mmopem HyxXmaeTcsi B 0COOOM BHHU-
MaHMU, TOCKOJIBKY JMHAMMYECKUE XapaK-
TEPUCTUKU, CBOMCTBEHHBIE 3TOMY BUILY
KOMOMHUPOBAaHHBIX IIEPEBO30K, 3HAUUTEIIb-
HO OTJINYAIOTCS OT OOBIYHBIX 9KCILTyaTallk-
OHHBIX Ha MaruCTpajabHbIX MYTSIX.

CraTucTUYeCcKue TaHHbIE ITOBPEKIaeMO-
CTU BAaroHOB IIPU TPAHCIOPTUPOBKE MX
Ha mapomax akBatopueit YepHoro mops
MOKAa3bIBAIOT, YTO KaXIblii ron okoyuo 10%
eIMHUI] BATOHHOI'O I1apKa, UCII0JIb3YeMbIX
B MEXIyHAPOIHOM KE€Je3HOIOPOXKHO-BOI-
HoM coobmeHuu (M2KBC), tpebytoT pe-



MOHTa ¢ oTuenkoi. I[Ipexme Bcero 3to
CBSI3aHO C OTCYTCTBMEM KOHCTPYKIIMOHHOM
MIPUCIIOCOOJIEHHOCTHU Ky30BOB BarOHOB K 3a-
KperuieHu1o Ha nany6ax KJIIT u moBwileH-
HOM BEJMYMHOM HArpy30K, HEHCTBYIOIIMUX
Ha HUX ITPU IIePEeBO3Ke B YCIOBUSIX MOPCKO-
r0o BOJTHEHUS.

Bomnpocam uccienoBaHus ycIoBUit rpy-
30I1ePEBO30K XKEJIE3HOIOPOXKHBIMU ITapoMa-
MU TIOCBSIIEHB HayYHbIE paOOTHI pa3HBIX
JeT, B yacTHocTH [1]. HepocTtarkamu npu-
BOJIMMBIX B HUX METOIMK SIBISICTCS HEBO3-
MOXHOCTb y4yeTa KaK KypCOBOIO yrja MOp-
CKOM BOJIHEBI C €€ BO3MYILIAIOIINM BO3IEMUCT-
BUEM IO oTHolIeHUIo K Koprtycy 2KJITT, Tak
U1 BETPOBOI HAarpy3Ku Ha HaJABOIHYIO IPO-
eKIIMIO TTapoMa ¢ BaroHaMM, pa3MeIleHHBI-
MU Ha eTo BepxHeii manxyoe. He yuutbsiBaeT-
CS1 U BEPOSTHOCTH MepeMellleHUs] Ky30Ba
BaroHa BO BpeMsI MOPCKOTO BOJTHEHMS.

HccnenoBaHne BHEITHUX HAarpy30K, KO-
TOpbIE€ IEHCTBYIOT Ha Ky30Ba BaroHOB IIpU
MepeBo3Ke apoMaMu, IMPOBOAUIOCH Mop-
CKMM MHXeHepHBbIM 01opo (I. Onmecca, Ykpa-
uHa) [2]. [1pu 3TOM HCKOMBIE TaHHBIE OBLIN
oImpeaeeHbl HA OCHOBAHUM pacyeTa KoJe-
oanuit KIIT, mpoucxonsummx ¢ mecTbIo
CTENEeHSIMU CBOOOBI B YCIIOBUSIX HEPETYIISIP-
HOTO TPEXMEPHOTO BOJHEHMS TIPU JIBUXKE-
HUM CyJIHa CO CKOPOCTHIO 6,5 y3ia. Mcrnosb-
30BaHHAasl METOIMKA MIPUTOIHA TOJBKO IJIsI
OJHOTAIyOHOro mapomMa OrpaHMYEeHHOIO
palioHa TJIaBaHUs, K TOMY XK€ OHa He IMpu-
HUMaET B pacuyeT BO3MOXKHYIO ITONATIMBOCTh
Ky30Ba BaroHa OTHOCUTEJIbHO MaayObl.

MOJEJ1b YCKOPEHUN

C uenbio obecrieueHrs 0e30MacHOCTY ABU-
JKEHUSI TPY30BbIX BATOHOB HEOOXOIMMO HCCJIe-
JIOBaTh OCOOCHHOCTH OCHOBHBIX BUIOB HATPY30K,
KOTOPBIE ICHCTBYIOT Ha VX Ky30Ba ITPU IIEPEBO3-
Kax rmapoMoM. B aToM cityuae onHOM U3 orpeie-
JITIOIIMX HArpy30K BBICTYIAaeT MHEPLIMOHHAS,
00YCJIOBJICHHAsI MOPCKHIM BOJTHEHHEM.

HccrenoBaHust cxeM 3aKpeIieHUs Baro-
HOB Ha manyo6ax ykpanHckux XKJIIT Ha ctaH-
musx «npeuueBck-Ilapomuasi» u I'TlI «TUC—
KpbiM» mokaszaiu, 4To Ipu nepeBo3Kax MOpeM
MOXET UMETh MECTO MOJAATIMBOCTb Ky30BOB,
KOTOpasi 00YCJIOBJIEHA Yallle BCEro OIHOM WIn
HECKOJIbKMMU U3 YKa3aHHBIX IPUYNH:

— HEPOBHOCTbIO MaIyObl;

— HEUCIPABHOCTHIO YCTPOMCTB B3aUMO-
neicTBUS BaroHoB ¢ nanyooit 2K/11T;
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Puc. 1. PacyeTHas cxema Ky30Ba BaroHa,
pasmMeLyeHHOro Ha nasaybe >xese3Ho[40POXHOIro
napoma.

Iyl

— OTKJIOHEHUSIMU B TE€OMETPUM Ky30Ba,
HaJIMIueM ero neopMalnm;

— HECMMMETPUYHOCTBIO 3arpy3K1 Ky30Ba
TPY30M;

— YeJIoBeUeCKMM (haKTOPOM TIPH 3aKpe-
TUICHUH BarOHOB.

[nsa onpenelleHUs YCKOPEHUI, KOTOPhIE
JIECTBYIOT Ha Ky30Ba BATOHOB ITPY ITEPEBO3KE
napoMoM, pa3paboTaHa MaTeMaTHdecKas
MOJIe/Tb, KOTOpasi OIMCHIBAET MepeMeIcHIe
BarOHHBIX KOHCTPYKIIWIA B YCIOBUSX OOPTO-
BO¥ KaUKM KaK BHIa KOJIeOATSIbHOTO JBIKE-
HUsI, OKa3bIBAIOIIETr0 HAMOOJIbIICE BIUSHIC
Ha YCTOMYMBOCTh Ky30Ba OTHOCUTEIBHO ITa-
JIyob1. PacueTHast cxema Ky30Ba BaroHa, pas-
MemeHHoro Ha KJIIT, mpencTtaBiieHa
Ha puc. 1.

ITepBoe ypaBHEHNE MaTeMaTUYECKOI MOIe-
JIA XapaKTepHU3yeT ITepeMelIeHIEe CaMOTO Iapo-
Ma, a BTOpO¢ — Ky30Ba BaroHa OTHOCUTEJIEHO
nanayobel. PacdeTsl IpoBelIeHBl Ha MPUMEpPe
KIIT tuna «Iepou HIumnku».

D .. B).
= p'.ﬁﬂ\g .E.F(t),
2 2
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Iy(ql+Q2):p '7’

e ¢,=6, ¢, =6, — 0600LIEHHbIE KOOPIY-

HaTbl (6, OTBEYaeT yrIOBOMY I€PEMELIEHMIO

mapomMa OTHOCHUTEJIBHO IPOJOJBHON OCHU
(KpeH), MPOXOISIIIEH Yepes ero LEHTP BeJTNIH-
HBI; 6, — yIIIOBOMY TEpEMEILEHNIO Ky30Ba

BaroHa OTHOCUTEJIbHO MPOAOIbHOI OCH, TIPO-
XOJISIIIIEel yepes3 ero LEeHTp TsKkecTh); D — Be-
coBoe BopousMmeleHue K/IT, kH; B — ero
IIUpUHA, M; — KOOpAUHATA LEHTpa TSIKECTU
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Puc. 2. YckopeHnus, KOTopble AeiCTBYIOT Ha Ky30Ba
BaroHoOB rpu rnepeBo3Ke XeJ/1e3HOA0POXHbIM
napomom: a) Ky30B Ha KpaiiHeM oT ¢anbLibopTa nyTun;
6) Ky30B Ha BTOPOM OT PpasnbLu6opTa nyTH; B) Ky30B
Ha cpegHeM nyTu.

rmapoma, M; 1 — BbicoTa 6opta, M; A, —Koa(h-

GUIMEHT COMPOTUBICHUS KOJICOAHUSIM,
kH-c:m!; p' — BeTpoBas Harpyska Ha HaIBOJI-
Hywo npoekuuto XKJIT, kH; F (f) — 3akoH
NIEMCTBUST YCUIIMSI, KOTOPOE BO3MYIIIAET B~
JKEHUE TlapoMa ¢ Ky30BaMU BaroHoOB, pa3Mme-

IIEHHBIMU Ha ero maiy6ax; /; — MOMEHT

WHEepILIMY Ky30Ba BaroHa OTHOCUTEJIbHO €T0
IIPOIOJIBLHOM OCH, T-M%;, P, — BETPOBasi Harpy3-
Ka Ha OOKOBYIO CTEHY Ky30Ba BaroHa, pa3mMe-
LIIEHHOTO Ha BepXHel nanyoe, KH; A, — Bbico-

Ta Ky30Ba BaroHa, M.

KoahduuneHT conpoTuBIeHUs YTIJI0BbIM
nepemetieHussM 2K/II1 oTHOCUTETBHO TIPO-
TTOJIGHOM OCY HaXOAWJICST IO (hopMyJIe:
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rne ! — 6e3pazMepHBIif KOIDPUILMEHT TeM-

MUPOBAHMS, TIPUXOMSIIUICS HA SAUHUILY

JJTMHBI TTapOMa 1 OIIpeAeIsieMbIii HA OCHOBA-

HUM CIIPAaBOYHOI JIMTepaTyphl B 3aBUCUMO-

CTU OT TeXHUYeCKUX xapakrtepuctuk K/IIT;

£ — IUIOTHOCTb MOPCKO# Boabl, KH/M?;

@ —4acToTa BO3MYIIAIOINIETO BO3ACHCTBHUS,
c¢!; T — ocaznka rmapoma, M.

Bo3wmyiiaroniee Bo3aeiicTBue 3aaaHo
B BUIIE TPOXOUIAJIBHOIO 3aKOHA ABUXKEHUS
MOPCKOI1 BOJIHHI [3].

BxonHbIMU mapamMeTpamMu MaTeMaTuye-
CKOI MOJENU SIBJISIIOTCSI TEXHUYECKUE Xa-
paktepuctuku KT, Kky3oBa BaroHa, a Tak-
Ke TUAPOMETeOpOJoruyeckKrue TaHHbIe aK-
BaTOpUM ITaBaHUs. HauanbHoe nepemeltiie-
HUE U CKOPOCTb MapoMa MPUHSTHI pAaBHBIMU
HYJII0, IJI1 BATOHA HayaJbHOE MepeMelleHre
OIpeeIsIOCh BO3MOXHOU MOAAaTINBOCTHIO
€ro y3J10B OTHOCUTEbHO NaayObl (OYyKCOBBI
y3€J OTHOCUTEIbHO OCHU KOJIECHOU Maphl,
pama TeJIeXKKU OTHOCUTEIbHO OCU OYKCOBO-
ro y3aa, GpUKIIMOHHBINA KIUH OTHOCUTEJb-
HO cepeluHbl OOKOBUHBI, HaJapeccopHas
0ajKa OTHOCUTEJIbHO (DPUKIIMOHHOTO KJIM -
Ha, NATHUK 10 MOATSTHUKY [4]) 1 cocTaBu-
J0 31 MM.

ITpu cocraBieHU MaTeMaTUYECKOI MO-
JIeJTU HE YUUTHIBAJICS yaap MOPCKOU BOJHBI
o 6opT AKIII.

Pewienue nuddepeHunanbHbIX ypaBHEe-
HU OCYIIIECTBISIOCH B Cpelie TPOrpaMMHO-
ro obecreyenust Mathcad [5, 6] ¢ ucrosb3o-
BaHueM Metoaa Pynre—Kyrra.

PesyabpTaThl pacyeToOB OTpaxXeHBI
Ha puc. 2. [Ipuuem ob1ast BeIMYrMHaA YCKO-
peHUs, KOTOPOe NEeCTBYeT Ha Ky30Ba Baro-
HoB mnpu nepeBo3ke ux KJIIT, BkiaoyaeT
B ce0s1 TaKxKe TOPU30HTAIBHYIO COCTaBIISIO-
IIYI0 YCKOpPEeHUs CBOOOAHOIO MajgeHMUS.
C yyeToM 3TOro o01asi BeJIMYrnHa ycKope-
HUSI, NeHCTBYIOIIEro Ha KpaltHUit OT (asib-
1IdopTa Ky30B BaroHa, cocTaBujia okoJjo 0,3g;
HaxoIIIUICS HAa BTOPOM OT daspiidbopTa
nytu — 0,24g; pa3aMelleHHbId Ha CpeTHEM
nytu — 0,22g.

[TonyyeHHbIE BEIMYMHBI YCKOPEHUI MTpe-
BBIIIAIOT YCKOPEHUS, AEHCTBYIONIME Ha KYy-
30Ba BarOHOB IMPU KCIUTyaTallMd Ha Maru-
CTpalbHBIX MYTSX [7].

2 1,C.64-69 (2015)
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BbiIBO4bl

1. MakcuMaJibHble 3HAUYEHUS yCKOpe-
HUI1, TeICTBYIOIINX Ha Ky30Ba BATOHOB TP
IIepeBO3Ke UX IMapoOMaMM, IJIST aKBaTOPUH
YepHOTO MOPS C YIETOM TEXHHUUSCKUX Xa-
paktepuctuk XK/AIT tuna «lepou unkun»
coctaBusv 0koJio 0,3 g, 9TO OTIUYHO OT Be-
JIMYUH YCKOPEHU, 0003HAYEeHHBIX BII. 2.18
«Hopwm mig pacyeTa m mIpoeKTHUPOBAHUS
BaroHoB XeJe3HbIx mopor MIIC koien
1520 MM (HecaMOXOIHBIX)». DTO YKa3hiBa-
€T Ha HeoOXOJUMOCTh MepecMoTpa U J10-
ITOJTHEHUSI HOPM, BHECEHHUS B HUX BEJIMUYNH
YCKOpPEHUI, CBOMCTBEHHBIX YCIOBUSIM TIe-
PEBO3KH pa3MUYHBIMUA TUIIAMU MOPCKUX
IIapoOMOB 4epe3 aKBaTOPUU IPOXOKIACHUSI
KEJIe3HOOOPOKHO-TTAPOMHBIX MAPIIPYTOB.

2. [TocKONBKY 3HAYCHUS MHEPIIMOHHBIX
Harpy3oK, KOTOpHIe AeiCTBYIOT Ha Ky30Ba
BaroHOB TIpM II€PEBO3KE MOABUXKHOTO CO-
craBa Ha K/II1, mpeBHIIIAIOT 9KCITyaTalli -

OHHBbIE Ha MAaruCTPaJIbHBIX IIyTSIX, TPEOyeT-
Csl yCOBEPILIEHCTBOBAHME HECYLIMX BarOH-
HBIX KOHCTPYKLIMI IJIs 0OecleyeHus ux
HaJIeXXHOTO 3aKpeIICHWs] Ha MapOMHBIX
nanyoax.

JINTEPATYPA

1. 3emnesun M. H. Meronuka pacuera U uccieno-
BaHUS CUJI, IEMCTBYIONINX HA BarOH MPU TPAHCTIOPTH -
pOBKe Ha MOpcKuX napomax. — M.: Tpancnopr, 1970. —
104 c.

2. HacraByieHue 1o KperuieHuto rpy3sa juist /X «Iler-
poBck» [TP. Ne 002CNFO001-JIMITJI-805. — Opecca:
MMUB, 2005. — 52 c.

3. Jlyrosckwuii B. B. Ilunamuka mopsi: Y4eOHUK 1Tt
Bry30B. — JI.: Cynocrpoenue, 1976. — 199 c.

4. TaGapuThl TPUOIKEHUST CTPOCHUN U TIOABUXK-
HOTO COCTaBa XeJIe3HbIX 1opor Kojeu 1520 (1524) mM.
T'OCT 9238—83. — M.: M3n-Bo cTaHmapTos, 1983. — 27 c.

5. ObsikoHoB B. Mathcad 8/2000: CrnieunanbHblii
crnpaBouHuk. — CI16.: [Tutep, 2000. — 592 c.

6. Kupbsinos /1. B. Mathcad 13. — CI16.: BXB-Ile-
TepOypr, 2006. — 608 c.

7. HopMbl 1151 pacueTa ¥ MpOeKTUPOBaHUSI BATOHOB
xKene3Hbix gopor MIIC koneun 1520 mm (Hecamoxoj-
HbIX). — M.: TocHUMB-BHUUMXKT, 1996. — 319¢c. @

KoopauHaTtel aBTOpa: JloBckast A. A. — alyonalovskaya@rambler.ru.
CTtaTbsa noctynuna B pegakumio 26.09.2014, npuHaTa k nyénvkauum 19.11.2014.

CtaTbs NOAroToB/IeHA HA OCHOBE MaTepuasnos, NpeacTaB/ieHHbIX aBTopaMmu Ha MexxayHapoaHomn
Hay4yHO-NpPaKTU4Yeckoi KoHpepeHuun «KOHCTPYKLUUS, AUHAMUKA U NPOYHOCTb NOABUXXHOIO
cocTaBa», NOCBSILLLeHHON 75-neTuio co aHa poxaenus B. [1. Xycuposa (MUUT, 20-21 mapTa

2014 ropa).

A RAILWAY CAR ON A FERRY: IMPACT OF SEA WAVE

Lovskaya, Alyona A., Ukrainian State Academy of Railway Transport, Kharkov, Ukraine.

ABSTRACT

The development of foreign economic relations
between Europe and Asia promotes the establishment
and operation of combined transport systems. The
most promising among them are considered piggy-
back and container transportation. In countries with
accessto the sea area, ferry transportation has found
a successful application. The process of loading of
bearing structures of car bodies when they move on
rail ferries by sea requires special attention, as the
dynamic characteristics, which are typical of this type
of combined transportation, significantly differ from
the normal operating characteristics on main lines.

The statistics of damage of cars during ferry
transportation in the Black Sea area show that each
year about 10% of the units of rolling stock used in
international rail and water transportation require re-
pair with uncoupling. This is primarily due to the lack
of structural adaptation of car bodies to their fastening
on the decks of car ferries and increased loads influ-
encing them during transportation in terms of sea
waves.

The disadvantage of usually applied techniques
of research on the conditions of freight transportation
using car ferries is inability to account for wave angle
with its disturbing influence relative to bodies of car
ferries as well as for wind load on surface projection
of a ferry with cars placed on its upper deck. The
likelihood of moving of a car body during a sea wave
is also disregarded.

The objective of the author is to present results of
research on dynamics of bodies of freight cars during
transportation on car ferries in confused sea with ac-
count of different wave angles in relation to the body
of the car, using mathematical modeling, analysis,
comparative method. The author presents the results
of studies taking into consideration main types of vi-
bration motion of a railway car at confused sea, which
influence strength and stability of the body structure,
located on the upper deck of the ferry. Since the re-
vealed values of inertial loads that act on the bodies
of cars for transportation of rolling stock on car ferries
exceed operating loads on main routes, itis necessary
to improve bearing car structures to ensure their se-
cure fixing to the ferry decks.

Keywords: railway-sea transportation, ferry transportation, sea waves, freight car, impact dynamics, load-

ing of the structure, mathematical model.
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