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OLEHKA BE3OITACHOCTH ITACCAKUPCKUX BAI'OHOB
ITP1 ABAPUMHOM OINTPOKHUJABIBAHUHN HA HACBIIIb

IIpeanoxkeHa  METOAMKAa  MPOTHO3HUPOBAHUS
TPaBMHUPOBAaHUS  NACCAXKUPOB  JKEJIE3HOJOPOKHOTO
TPaHCIIOPTa TP YCIOBHM aBapHUHHOTO ONPOKHIBIBA-
HUSl BaroHa Ha HACBHIIb JKEJIE3HOJIOPOKHOIO TOJIOTHA.
Pa3zpaboTaHel KOMIBIOTEPHBIC MOJEIH aBapUITHOTO
ONpPOKU/BIBAHUS BarOHA Ha HAChINb I JBYX CIICHA-
pHEB: ONPOKHUIBIBAHNE BaroHa Ha HACHIIb XKEIE3HOO-
POKHOTO IIOJIOTHA, PACIOJIOKEHHON MOJA YKJIOHOM U
ONIPOKUBIBAHIE BaroHa Ha IUIOCKYIO ITOBEPXHOCTb.
Pa3zpaboTanHas Mopenb MAaCCa)KUPCKOTO BaroHa Jo-

MIOJTHEHA JJIEMEHTaMH WHTEPhbEpa CalloHa KYyIEHHOTO
BaroHa, MOJAEISIMH aHTPOIIOMETPHUECKUX MaHEKEHOB,
PAacIION0KEHHBIX Ha MECTaxX MacCa’kKUpOB U MOIETSIMHU
PYYHOMU KJ1aJ¥, pacloIOKeHHOW Ha OarakHbIX IOJIKaX.
PesynpTaTroM MOAENMpOBaHUS aBapUMHON CUTyalUU
SIBIIIIOTCS. MOJyYEHHbIE 3HAUEHHUs BO3MOXKHOIO TpPaB-
MHPOBaHHS NACcCAXHUPOB IPH aBAPHUHHOM OIIPOKHIBI-
BaHUM NTACCAKUPCKOTO BaroHa.

KnrwoueBble cioBa: aBapus, Baros, Oes3omac-
HOCTb, TTACCAXHPHI, AHTPOIIOMETPUIECKII MAHEKEH.

O. |. Bondarenko

ASSESSMENT OF THE SAFETY OF PASSENGER CARS IN CASE
OF AN EMERGENCY ROLLOVER ON THE RAILROAD TRACKS

The purpose of the work is to assess the safety
of passenger cars in case of an emergency rollover on
the body of railroad tracks. The paper introduces a
method for predicting injury of railway transport pas-
sengers as a result of swinging over the wagon on the
body of railroad tracks. The method of research is
mathematical modeling of scenarios of swinging over
the wagon on a flat bottom or earth tramp of the rail-
way track. A model of a passenger compartment has
been developed, which is supplemented with models of
a roomette, hand luggage and an anthropometric dum-
my. The originality of the work is the use of manne-
quin models for an accident with the rollover of a com-
partment car on the body of the railroad tracks and ob-
taining data on the interaction of fit models and a com-
partment car. The result of the study is the reported
values of possible injury to passengers during an emer-
gency rollover of a passenger car. Namely, the values
of the head injury criterion, cervical vertebrae, breast

Beenenne

MupoBoit onbIT obecrieueHust 6e3omac-
HOCTH MMACCaXUPCKOr0 MOJBUKHOIO COCTaBa
MOKa3bIBaeT, YTO BeCh KOMIUIEKC Mep,
HATPaBJICHHBI Ha WCKIIOUEHHE KPYIICHUS
MI0€3/I0B HE IMO3BOJISIET MOJHOCTBIO H30€XKaTh
aBapuiiHbIX cuTyaumii. IIpoBens ananus mo-
CIIEZICTBUM aBapHii, MPOU3OMIECAIINX C Yyya-
CTHEM eJIE3HOJOPOKHOTO MOJABMKHOTO CO-
CTaBa, 3a MOCJIEAHNUE TO/bI MTOKa3al, 4TO aBa-
pUH C ONPOKUIBIBAHHEM BarOHOB HA HACHIINb
BJIEKYT 3a co00ii HanboJee TsHKebIe Mocie/I-
CTBUSL JUISl MaccaxupoB. Takum oOpa3om,
BOXHOHM 3a7aueil siBiseTcsl MOBbIIEHHE 0e3-
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and hips of the crash test dummy have been obtained.
In comparison of the two considered scenarios of
swinging over the wagon, the value of the head injury
criterion for overturning the car on an inclined surface
is 15% higher, the neck injury criterion is 30% higher,
and the hip and chest injury criterion is 23% higher for
mannequins on the upper shelves of the compartment
due to their interaction with hand luggage. The ob-
tained values do not exceed critical ones. The most
dangerous positions of the mannequin model in the
compartment of the car are revealed. Conclusions con-
cerning the sufficient safety of the passenger car are
formed and recommendations for the development of
additional technical solutions to improve the safety of
passenger cars are given.

Key words: railway accident, car (wagon),
safety, passengers, anthropometric dummy.

OMACHOCTH MACCaXKUPCKOTO JKEJIE3HOLOPOXK-
HOr0 TPaHCIOPTa IpU MOAOOHOIrO poja apa-
pusix.

Craructuka TIOCHEACTBUM aBapuil C
ONPOKUBIBAHUEM NACCAKUPCKUX BaroHOB
MMOKa3bIBAa€T, YTO TPaBMBI, MOJIyYEHHBIE Iac-
Ca)kKUpaMH TIpU KPYILIEHUSX, SABISAIOTCA CIEN-
CTBHEM B3aUMOJEWUCTBUS IACCaXUPOB €
BHYTPEHHUM O0OPYJOBaHUEM BaroHa, pyqyHon
KJIaAbl0 U TMacCaXUpaMu, HaXOASIIUXCS psi-
1oM 1ipu aBapuu [ 1-2].

Mertonom uccienoBaHus O€30MaCHOCTH
JKEJIE3HOAOPOKHOIO TPAHCIOPTa IOBCEMECT-
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HO TpPUMEHSETCS MaTeMaTH4ecKoe MOJEIH-
poBaHME, C TNPUMEHEHHEM  OOBEKTHO-
OPUEHTHUPOBAHHBIX BUPTYAIbHBIX MOJENEH,
[IO3BOJISIIOIIEE COKPATUTh 3aTpaThl Ha IPOBE-
JICHHE UCTbITanuii [3-5].

OOBEKTOM HCCIIEOBAHUS MPHUHAT OTE-
YECTBEHHBIN MacCCAKUPCKUN KYNEWHBIN BaroH
OTEYECTBEHHOI'O IIPOM3BOJICTBA.

Jlyis BBITIOJIHEHUSI HCClIeoBaHUs 0Oe3-
OIIACHOCTH IACCAKUPCKUX BAaroHOB PaccMOT-
pEHBI JBa CLIEHApHsI aBAPUHHOTO OMPOKUIIbI-
BaHUS:

— ONPOKUJIBIBAHHE OTJIEIBHO CTOSIIETO
[IACCa)KUPCKOT0 BaroHa Ha HACHINb KEJIE3HO-
JIOPOKHOTO TOJIOTHA, pa3Mepbl KOTOPOU co-
OTBETCTBYIOT [6] (kpyTu3Ha otkoca 1:1,5, BbI-
COTa HACBIK 6 M), HAa MIPSIMOM YYacCTKE MYTH.

— ONPOKUIBIBAHUE OTJEIBHO CTOSILEro
MACCaKUPCKOT0 BaroHa Ha IUIOCKYIO MOBEpX-
HOCTb, ONMCBIBAIOIEH YyYacTOK IyTWU B Ipe-
Jenax JBYXKOJEHMHOro u Ooliee IBUKEHUS

MO€E3]I0B.

JLyist o1ieHKM G€30TacHOCTH MaCCaXHPOB
pazpaboTaHa MOJIe)Ib Ky30Ba BaroHa, Kotopas
orucaHa abCONIFOTHO TBEPJBIMU TEJIAMU C pe-
ATHHBIMH TE€OMETPUUYECKUMHU pa3MEpaMH MU
BECOBBIMU XapaKkTepucTukamu. B Mopensb Ba-
TOHA BKJIIOUCHBI JETAIM3UPOBAHHBIC MOJICITH
KyIie, KOTOpbI€ TaK)Xe OIHMCAHBbI TBEPIBIMHU
TeJaMu MPOrpaMMHOTO KOoMILIekca. B Mozenb
KyIle BaroHa BKJIFOYEHBI MOJIEJIN PYyYHOH Kila-
1 TaccakupoB. Bec u reomerpuveckue xa-
PaKTEpUCTUKHU PYYHOU KJIaJy MPUHUMAIIUCH B
COOTBETCTBHU C MAaKCHUMaJIbHBIMH JIONYCTH-
MBIMH BeIUYUHAMH [7].

JIns1 OlleHKH TUHAMUYECKOW HarpysKeH-
HOCTH IAaCCAKUPOB MOJIETh MACCAXKUPCKOTO
BaroHa JIOMOJIHEHA MOJIEISIMU aHTPOIIOMET-
PUYECKOTO MaHEKEHa, MPEICTABICHHOIO CO-
BOKYITHOCTBIO a0CONIIOTHO TBEPHABIX Tel, KO-
TOPOMY 3aJ]aBajioCh COOTBETCTBYIOIIEE IIO-
JIO’KEHUE Taccaxupa B Kyme Barosa (puc. 1).

Puc.1. Pacnonoxxenue AHTPOIIOMETPHUICCKOI'O MAaHCKCHA
B KyII€ MaCCAXKUPCKOI'0 BaroHa

B pabote mpumensnace pa3paboTaHHas
paHee KOMIBIOTEpPHAs MOJENb aHTPOIOMET-
puueckoro Manekena Hybrid 11l 50th
Percentile Male [8-10]. Moaenb onmcana co-
BOKYITHOCTBIO 3JIEMEHTOB C BECOBBIMU U T€O-
METPUYECKUMHU XapaKTEPUCTUKAMU OIU3KUMHU
K HaTypHOMY MaHEKEeHY. DJIeMEHTHl MOJeNn
MaHEKeHa CBSI3aHHBI IIAPHUPHBIMH COCIHE-
HUSIMH, C COOTBETCTBYIOIIMMHU  YIPYIro-
JUCCUMATUBHBIMU XapakTepuctukamu [11].
[[MapHupHbIE COEIMHEHUS MOBTOPSIOT CyCTa-
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BHI Tela yesnoBeka. UToObl omucaTh MEXaHUKY
IBIJKEHHUS DJIEMEHTOB MaHEKeHa I10100HOoM
pEalbHBIM JIBMKEHUSM YEIIOBEKA, B MOJEIH
AHTPONIOMETPUUYECKOTO0  MAHEKEHa  3aJIaHbl
OTPaHUYECHUSI MOBOPOTA BJIEMEHTaM B COOT-
BETCTBUM C PEATIbHBIMU BO3MOKHOCTSIMU CY-
CTaBOB uesioBeueckoro tena. [Ipu momomm
Ha0opa CHenuaibHBIX KOHTAKTHBIX JJIEMEH-
TOB, KOTOPBIE MO3BOJISIIOT OIPAHUYUBATH IIPO-
HUKHOBEHHE DJIEMEHTOB MOJEIN MaHEeKeHa,
YYUTBHIBAETCS  BO3MOXKHOCTH ~ KOHTaKTHOT'O
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B3aUMOJCUCTBUA YacTel
[TocpencTBOM BBEIEHHSI COOTBETCTBYIOLIMX
KOHTaKTHBIX JJIEMEHTOB OIMCaHa B3aUMO-
CBSI3b MOJIEJICHl aHTPOIOMETPUYECKUX MaHe-
KEHOB C DJIEMEHTAaMH MHTEpbepa BaroHa u
PYYHOM KJIaJbI0.

IIo pe3syinbraTaM MOJEIMPOBAHUS BbI-
MIOJTHEH aHaJM3 TPaBMHUPOBAHUS MACCAKUPOB
BaroHOB IPH TMOMOIIM YHUBEPCAJIbHBIX KpH-
TepueB TpaBMupoBaHus [l12], nmpumeHsiemble
i aHanu3a 0e30MacHOCTH  MACCAXKUPOB:
KpUTepuil 4YepernHo-mo3roBoir TpaBMbl HIC,
KPUTEPUI TPaBMHPOBAHUS IICHHOTO OT/EINa
no3BoHouHUKa Nij, KpuTepHuil TpPaBMHUPOBAHHSI
rpyanoit knerku CTI, kpurepuii TpaBMUpO-
Banus OenpenHor wactu FFC. [lns srtoro
OTpe/eNieHbl OCEBbIE YCHIIUSA PACTSKCHHUS-
CXKaTHsl, M3rHOAIONIe MOMEHTHI, YCKOPEHHS
JCWCTBYIOIINE HA SJIEMEHTBHl MOJEIN aHTPO-
MOMeTpUYecKoro MmaHekeHa. [1o mony4eHHbIM
JTAHHBIM PACCUYUTAHBl BEIUYHHBI KPUTEPHCB

MOACIM MaHCKCHA.

TPAaBMHUPOBaHHs. Pe3yiabTaTbl MONTYyYCHHBIX
3HAYCHUIl MOKa3aHbl B BUJE TMCTOIPaMM Ha
puc. 2.

[lo pe3ynapTaTaM MOJETUPOBAHUS MOXK-
HO CIEJaTh CIEAYIOIINE BIBOBI:

— MPU MOJICIIMPOBAHUU OTIPOKHUIBIBAHUS
Ky30Ba BaroHa Ha HaKJIOHHYIO MOBEPXHOCTh
MOJTYYEHBbl BBICOKHE 3HAYECHHS KPUTEPUS
TPaBMHUPOBAHUS II€U NI MAHEKEHOB, PACIO-
Jararonmxcs Ha Mectax 5, 6, 7 u 8 (MaHeke-
HBI B JIe)Ka4eM TOJIOKEHUH ) 32 CYET BHICOKOTO
3HAQUYEHMS] MOMEHTa KPYYEHHsSI B 3JIEMEHTax
HIEHHOTO OThena. OTO CBHJETEIBCTBYET O
BO3MOJKHBIX TSDKEJIBIX TpaBMax IIEW JJIsl Tac-
CaXXHPOB;

— TPaBMBI, TIOJIy4aeMbI€ MMAaCCAKUPAMHU,
MOXHO KJIAaCCU(PUIIUPOBATh KakK JETKHUE W
CpelIHHE 0 CTENEHU TSHKECTH. Tak 3HaueHus
KpUTEpHUs TPAaBMHPOBAHUS TOJIOBBI JIEXKAT B
npejesiax CepeIMHHOr0 3HAYEHUsl JOMyCKae-
MOH BEJIMYMHBI, YTO TOBOPUT O BO3MOXKHOM
MOJTYYEHUN TIACCAXUPAMHU TaKHUX TpPaBM Kak
JIETKUe yIMOBl M COTpsiCEHUE Mo3ra 0e3 mo-
TE€pU CO3HAHMSI B YCIIOBHSIX PEaTLHOTO OMPO-
kuablBaHus.  Kpurepuit  TpaBMHpOBaHHS
TPYAHOM KJIETKH MOKa3aJl BBICOKHE 3HAUEHUS
JUISl MAHEKEHOB MO/ HOMepaMH 5 U 6, pacno-
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JIO’)KEHHBIX Ha BEPXHUX IOJIKaX KyIe BaroHa.
Takue 3HaueHUs OOYCIOBIICHBI MaJCHHEM
3JIEMEHTOB, OIMUCHIBAIOUINX THKEIYI0 pyd-
HYIO KJIaJlb CO IITaTHBIX MECT Ha MAaHEKCHBI.
Takoke i1 yKa3aHHBIX MAaHEKEHOB MOJIYYECHbI
BBICOKHME 3HAU€HHUs KPUTEPUEB TPaBMHUPOBa-
HUs OCIPEHHON YacTH;

— CpaBHEHHE JIBYX CIIEHAPUEB OMPOKH-
JBIBAHUS TACCAKUPCKOTO BaroHa I0OKa3alo
HE3HAUYMUTEJIbHOE  PACXOKICHHE 3HAYCHHI
KpUTEpHUs TPAaBMHPOBAHUS TPYIHON KIIETKH
JUISL BCEX paccMaTpUBAEMbIX MOJOKEHUI Ma-
HeKeHa. MakcuManbHOE YBEIMYEHHE 3Haye-
Hus kputepus CTl maGmromaercs it mosio-
JKeHMs1 MaHekeHa 8 u coctaBigeT 19 % ot Be-
JUYHUHBI, TOJYYEHHON TPHU OMPOKHUIBIBAHUH
Ha IUIOCKYIO MOBEPXHOCTh. 3HAYEHHS KpHUTe-
pHs TPaBMUPOBAHUS T'OJIOBBI TAKXKE MOKA3aIH
HE3HAYHUTEIIbHOE PACXOXKJICHHE PEe3yIbTaTOB.
Tak Benmuuna kputepus HIC npu onpoku-
JBIBAHUY BaroHa Ha HAKJIOHHYIO MIOBEPXHOCTh
yBenuuuiach He 6onee yem Ha 15 % ot Benu-
YUHBI, TOTYYEHHOW MPHU ONPOKHUIBIBAHUU Ba-
rOHa Ha IUIOCKYIO TOBEPXHOCTh. Bennunna
KpUTEpUsT TPAaBMHUPOBAHUS IlI€U JIsi MaHEKe-
HOB 1, 2, 3 u 4 npu ONPOKUBIBAHUM BaroHa
Ha HaKJIOHHYIO TIOBEPXHOCTh 3HAYUTEIHHO
YBEJIMYMBAETCS MIOCKOJIbKY IIPH TaKOM CII€Ha-
pUU YKa3aHHbIE MaHEKEHBI B3aMMOJICUCTBYIOT
HE TOJLKO ¢ OOKOBOW CTEHOW KyIie, HO H C
BEpXHEH IOJIKOM B MOMEHT, KOrja BaroH
TOJTHOCTBIO OTNPOKHUJIBIBACTCS HA HAKJIOHHYIO
MOBEPXHOCTh Hachii. B Takom ciyuyae Benu-
YiHA KPUTEpHs] TPAaBMHUPOBAHUS ILIEH YBEH-
yuBaercsa Ha 30 %. Jlns kpuTepus TpaBMHUPO-
BaHus 6enpa FFC makcumanbHOE yBeNIUYEHHE
3Ha4YeHHs cocTaBuio 23 %, KoTopoe HalJo-
JTAETCsl B MOJIOKEHUH MaHeKeHa 3 u 4 3a cyeT
JOTIOJTHUTEIBHOTO KOHTAKTUPOBAHUSI MaHe-
KEHa CO CTOJIOM KyIle TPH OMPOKHUIBIBAHUH
BaroHa Ha HaKJIOHHYIO MIOBEPXHOCTb;

— JUISL pacCMaTpUBAEMBIX CILEHAPUEB
OTIPOKH/IBIBAHUSI HE BBISBJICHO TIPEBBIIIAIO-
IUX JIONYCTUMbIE 3HAYEHUS KPUTEPUEB
TPaBMHUPOBAHUsSA, YTO B CBOIO OYEpPENb TOBO-
pUT 00 OTCYTCTBHE JIETAILHOTO HCXOJa JIst
MacCaXUPOB B YCIOBUSAX PEATbHOTO OMPOKH-
JBIBAHUSI.
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Puc. 2. Pe3ynpTaThl MOICIMPOBAHUS OTIPOKHIBIBAHMUS ITACCAXKUPCKOTO BaroHa
BriBoabI
1. OOmras 6e30MacHOCTh MACCAKUPCKO- pelleHnl, HAMpaBICHHBIX Ha TOBLIIICHUE
ro KyIEeWHOro BaroHa J0CTaTovyHa. 0€30MacCHOCTH MACCAXUPCKOTO KyIe BaroHa u
2. BrisBieHa HeoOX0IUMOCTh B pa3pa- CHWKEHHUIO TPAaBMHUPOBAHUS MTACCAKUPOB TIO-
0OTKE JOTOTHUTENBHBIX KOHCTPYKTHUBHBIX JIIBUKHOI'O COCTaBa.
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