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lpoBeneH aHann3 mexrocynapcTBeHHOro
cTaHgapTa «ABapuiiHble KpP3LU-CUCTEeMbI
JKes1e3HO40POXXHOIO MOoABUXHOIO
cocTaBa AJ1s1 MaCCa)XXUPCKUX NepeBo30K»,
AercTBOBaBLUNX paHee HOPM, a TaKxe
MeXAYyHapoAHOIro onbITa Nog4006HbIX
YCTaHOBOYHbIX [OKYMEHTOB, pa3paboTaHbl
npeAsioXeHus1 Mo coBepLLIEeHCTBOBaHUIO
TexXHu4eckux TpeboBaHuii

K cucTemMam nacCUBHOM 3aLUTbI
naccaxxuvupckux noes3[oBs, BKJIIOYas U ux
CTaH[apTU3MPOBaHHbIE BapUaHTbl. OTO
cAesiaHo ¢ y4eToM CMOoAesIMPOBaHHbIX
aBTOpaMu cTaTby CLUeHapueB aBapUiHbIX
CTOJIKHOBEHWI NMO4BVKHOIO COCTaBa.

KntoyeBble cnosa: xenesHasi sopora,
rnaccaxvpcKkuii noeaa, BaroH, naccuBHasi
6e30rnacHOCTb, HOPMbI, CTaHAaPThI,
CLIeHapuy CTOJIKHOBEHUSI, KPALL-CUCTEMA,
aBapuiiHasi cuTyaumsi, CTaTUCTVKa,
moaesipoBaHue.
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CoBepLueHCTBOBaHUe
TexXHU4Yeckux TpedoBaHum
K cuctemMmam nacCMBHOMN 3aLlUUThHI
3/1eKTponoe3nos

becnaavko Cepeeii Baaepvesun — doxmop
mexHuYecKux Hayk, npogeccop Kageopsl

«Baeonvl u eazconnoe xo35icmeo» Mockoecko2o
20cydapcmeenHHo20 yHueepcumema nymeii coooujeHus
(MHUHT), Mockea, Poccus.

Iopoeeé Muxaua Anexceeeun — acnupanm MUHUT,
Mockea, Poccus.

NHOW M3 CUCTeM 0e30mMacHOCTHU

MaccaKnupoB U JTOKOMOTUBHOW Opu-

rafbl MPU aBapUITHBIX CTOJKHOBE-
HUSIX DJIEKTPOTIOE3/I0B SIBISIOTCS YCTPOMCT-
Ba MACCUBHON 3alIUTHI TOJIOBHOTO BaroHa.
IIpu moBbBIIEHUN CKOPOCTEH MBUNKEHUS
MOE3/I0B U YBEJIMUEHNUU TTacCaXXMUpPOIOTOKA
HeOOXOAMMbl HOpMATHUBHbIE TPeOOBAHUS,
OCYIIIECTBIEHNE KOTOPHIX O0OecTreunBaeT
JTOKHYI0 3 (HEKTUBHOCTD MOJTOOHBIM CHC-
TeMaM W CTUMYJIUPYET K HUM BHUMaHUeE
CTIELINATIUCTOB.

Ha npoTsiskeHUM MHOTUX JIET 3TUMU BO-
MpocaMu 3aHUMAJNCh TPEUMYIIIECTBEHHO
3apyOexHble crienuaiuctel. K OCHOBHBIM
CTaHJIAPTaM, COJIEPXKAIINM HOPMBI TIPOEKTH -
pOBaHUsI, CIeAyeT OTHECTH €BPOIENcKue
EN12663:2000 [1], EN15227:200807 [2]
u Konexc ¢enepanbHOro peryimpoBaHuUst
CIIIA 49CFR [3]".

B Poccuu ¢ pazBuTtreM BbICOKOCKOPOCT-
HOTO JABUXEHUsT OblI pazpaboTaH U BBeIEH
B JIVICTBUE B KAYECTBE MEXKTOCYTaPCTBEHHO-
ro ctagmapta [OCT 32410—-2013 «ABapwuii-
HbI€ KPAII-CUCTEMBI KeJIE3HOTOPOXHOTO
MOABUXHOTO COCTaBA JIJISI TTACCAXUPCKUX
epeBo30K» [4]. OmHaKO OH HY>KIAeTCsI B CO-
BepieHcTBOBaHMM. Ha ocHOBe mpoBeeHHO-




PacnopsxeHue N 820p
ot 14.04.2010 . [5]

EN 15227 «MopBuKHOW cOCTaB
KenesHbix fopor. TpeboBaHUA nNo
YAAPONPOYHOCTM BarOHHbIX Ky30BOB» [2]

HauwnoHanbHbIii ctaHgapt PO
«nektponoespa» FOCT P 55434 -2013 [6]
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[on. n.8.17: TpeboBaHue ybrpa MexrocypapcTtBeHHbI ctaHaapT FOCT 32410-2013
IOLLerocs CLenHoro ycTponcTea Ha «ABapUiiHble KP3LL-CUCTEMbI KENE3HOLOPOXKHOTO —

ronosHo eguHuue MC

NOABUXHOIO COCTaBaA/iA NAaCCaXKUPCKUX NepeBO30K» [4]

Puc. 1. MpennoxxeHus no cosep

TBC(

ro aHajau3a ObLIM YTOYHEHBI €ro Hauboee
cj1abble MO3ULIMY C TOYKU 3pEHUS TOTPEOHO-
CTE! NMPaKTUKHU.

OCHOBHBIE ITyHKTBI, KOTOPBIE HY>KIAIOTCS
B CYyIIIECTBEHHOM 1OPaOOTKE, CBEIEHBI B CXE-
MY, U300paxXeHHYI0 Ha puc. 1.

B pa3nene 5 «O0mue nosioxkeHusi» 1. 5.3
BKJTIOUAET HEJIOCTATOYHO MOJTHBIN TTepeYeHb
3a/1a4, perraeMbIX Kpami-cuctemoii. Cremyer
JIOTIOJTHUTH TOT ITyHKT U U3JIOXKUTH €TO B pe-
JMaKUUU JOKyMeHTa [5].

CylecTBEHHBIM YIyIIeHUEM MOXKHO
TaKXe CUUTATh OTCYTCTBUE KPUTEPUEB OLICH-
KW YyPOBHEHU 3alIUTHI KPIUI-CUCTEM. DTO
OTISATH K€ CTOUT BOCIIOJHUThH MaTepuaiamMu
JOKyMeHTa [5], BBeIs NOMOJHUTEIbHbIN
MyHKT 5.4.

Pa3nen 6 «CueHapuu CTOJKHOBEHHUSI» CO-
JEPXKUT, C OTHON CTOPOHBI, HEMOCTATOYHBII
Ha0bOp ClieHApUEB, a C APYTOil — Ype3MEepHO
000011IeHHYI0 KJTacCU(UKAIINIO TTOIBIXKHOTO
COCTaBa, BKJTIOUAIOIITYIO JIUIIb IBE KATETOPUU
TOE3/I0B — C KOHCTPYKIITMOHHO# CKOPOCTHIO
He 6oJee 160 km/9 1 6071ee 160 Km/4.

W3 cuieHapreB CTOJKHOBEHUI B MEXKTOCY -
JAPCTBEHHOM CTaHAapTe [4] UCKITIOYEHO JIo-
0OBOE CTOJIKHOBEHUE C TMTOE3THBIM COCTABOM,
YTO 3aTeM MaJio 0OOCHOBAHO B OTBETaX Ha
3aMeuaHus TIPU BBOJIE IOKYMEHTA B JICHICTBUE.

Mexnay Tem, cTaTUCTUKA MOKa3bIBAET
3HAYUTEJbHOE KOJIMYECTBO JIOOOBBIX CTOJIK-
HoBeHU. [Tpnyem MoMrMo rmaccakupcKoro
1moe3/1a B HUX y4aCcTBOBAJIU U TPY30BbIE, TSI-
JKEJIOBECHBIE Toe3a (UTO JUIb YCUTUBACT
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0 geiicTBylowero ctaHgapta FOCT 32410-2013.

BaXXHOCTH BBEICHUS MTaHHOTO CIICHApUSI).
OTMETUM CIIeayIoIIre aBapym:

—20.05.2014 1., 12:32, reperon bekaco-
Bo [—Hapa Kuesckoro HanpaBnenuss M2K/1,
Hapo-®omuHckuii p-H MoCcKOBCKOI 001. —
CTOJIKHOBEHME TPY30BOI0 Moe3/Ja C rnacca-
XKUPCKUM; 6 uenoBeK morubiu, 6osuee 40
MocTpaaaiu;

—21.10.2014 1., 03:32, merro TYTIPUT - 14,
JIOOHS — CTOJIKHOBEHHUE BJIEKTPOCEKIIUU CO
CTOSIIITAM COCTAaBOM; ITOCTPANaBIINX HET;

—12.01.2013 r., 05:10, CrmrogsTHCKMI p-H
Hpxkytckoit 0671. Ha 5337 km Tpanccubup-
CKOI MarucTpajiu — CTOJIKHOBEHME TPy30BO-
ro Moe3/1a CO BCTPEYHBIM OJJMHOYHBIM JIOKO-
MOTHBOM; TIOTUOJIN 2 YeJI0BEKa;

— 1.04.2002 ., Mockga, y fIpociaBckoro
BOK3aJla — CTOJKHOBEHHE MacCaXXUpPCKOTO
noe3aa 1 MaHEBPOBOTO TEILJIOBO3a; paHEHbI
22 yenoBeka;

— 27.12.2001 r., okoo 5 4, ctaHus Py-
3aeBka KyHiObIIIEBCKOM X.10. — CTOJIKHOBE-
HME TPpy30BOT'O COCTaBa € MaccaKupCcKuM
MOE31I0M;

— 1.07.1998 r., 06:16, mecTO CThIKa
riaaBHoTo Xoma KmeBcKOro HampaBICHUS
MX]JI v coenuHUTEeNbHOI BeTBU C boJb-
muM KoabumoMmM MXKJl — cTonkHOBeHUE
CaMOXOJITHOM 111e0HEOUUCTUTEIbHON Mallln-
Hbl CHayajaa ¢ OJHUM DJIEKTPOIOE310M,
3aTeM yXe JJ000BO€ — C IPyTrUM; IIOrubiaun
4 yenoBeka;

— 31.05.1996 r.,, neperon TajsbMeHKa—
JIutBruHOBO KeMepoBCKOIi X.lI. — CTOJKHO-
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i Taomuma 1
% YeaoBusd ceHapueB CTOJIKHOBEHUI

Tun DKcrutya- Cuenapuit 1 Cuenapwuii 2 Cuenapuii 3 Cuenapuii 4
noeszaa TallMOHHasi-
CKOPOCTb, =
KM/u CKOpOCTb IMPU CTOJIKHOBEHHY, KM/ TI0 TICHTPAJTbHOM Craruueckast
JIMHUM Ha paccTossHUM 750 MM OT LIEHTpaJIbHOM JIMHUHN Harpyska, KH
TTaccaxupckuit 1o 120 36 72 36 60 50
CKopblit ot 120 36 90 36 150 130
1o 140
CKOpPOCTHOIA or 140 36 110 36 240 200
110 200
Bricoko-ckopocT- | cBbime 200 | 36 110 36 300 250
HOMt

BeHUE 4-X BATOHOB C LIEMEHTOM M 3JIEKTPO-
noesaa; rnmoruodau 18 maccaxxuposn, 44 paHe-
HBI;

—20.07.1995 r., TopbKOBCKas XK. 1., OKOJIO
Ceprava (Huxeropoackas o61acTb) —
CTOJIKHOBEHHME JABYX BCTPEYHBIX IMOE3/I0B:
IMOYTOBO-TOBAPHOTO M TPY30BOT0; MOrMOIN
6 yenoBek, 20 paHeHHI.

[MosTomy «1000BOI» cueHapuii, Kak
HauboJiee OMacHbBIN, 11eJ1eCO00pa3HO BBEC-
TH B CTAHIAPT, IPUYEM ITOJ ITePBbIM HOME -
pOM.

PaccMoTpuM CKOPOCTH IBUKEHUSI, KOTO-
pbIe YUUTHIBAIOTCSI B CLIEHAPUSIX aBapUMAHBIX
coynapenuii. [Ipu aTOM OyJaeM UCXOOUTD U3
TOT0, YTO MALIMHUCT IMacCaxkMpPCKOro moe3a,
JIBUTABIIETOCS ¢ HEKOTOPOl CKOPOCTHIO,
3aMeyvaeT ABMXKEHHE BCTPEYHOIro COCTaBa
(B 100) MO TOMY e MYTU WU TIPETSITCTBUE
B BMJIC BaroHa/aBTOMOOMIISI, CTOsIIIEe Ha
JIMHUM. MallMHUCT IPUMEHSIET SKCTPEHHOE
TOPMOXEHHE, Y O3]l HAYMHAET 3aMEJISTh
nBuxeHue. [IpuyeM cKOpocThb, KOTOPYIO OH
OyzIeT UMeTb B MOMEHT CTOJIKHOBEHMSI, 3aBH -
CUT OT HaYaJIbHO CKOPOCTHU, PACCTOSTHUSI 10
MPEISITCTBUS TIPU Havasie TOPMOKEHMS U OT
BEJMUYMHBI 3aMEJIJICHUS B PEXXUME 9KCTPEH-
HOT'O TOPMOXEHMUSI.

[Monarast nBUKEeHUE 1OE3/1a paBHO3aMe/I-
JICHHBIM 1 HE YYMTHIBasi IPOIOJIbHBIX KOJIe-
OGaHMi1, BpeMsI 10 CTOJIKHOBEHMUST U COOTBET-
CTBYIOIIYIO CKOPOCTh MOXXHO HAaWTU U3 pe-
LIEHUSI CISAYIOIEH CUCTEMbl YpPaBHEHMIA:

V= V0 —at,
2 (1
S:Vot—%,

rae V — CKOpoCTh Toe3/la B MOMEHT CTOJK-
HOBEHUS,

V, — CKOPOCTb Mepei HayaaoM TOPMOXe-
HUS;
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a — 3aMCIJICHUE T10€3/1a,

t — BpeMs TOPMOXKEHUS 10 CTOJKHOBE-
HUA.

Orcrona CKOPOCTb CTOJTHOBEHMU !

V= \Vi-as. ()

st onipenesieHUst CKOpocTu (2) Heo0Xxo-
IMMO TakKKe 3HaTh MapamMeTpbl BUIUMOCTH
JIJIST MAITTHUCTOB.

OrpaHnyeHne BUAMMOCTH BO3MOXHO 13-
3a TUTOXUX ITOTOTHBIX YCJIOBUIA MJTY IBVKEHUST
MO0 KpUBBIM ydacTkaM TyTu. CorjacHO WH-
CTPYKIIAM 110 CUTHAJIWU3ALWH, TIPA BUINMO-
CTM JTHEBHBIX CUTHAJIOB OCTAHOBKHU (M3-3a
TymMaHa, METEJIN, TOXJIsI, CHeTa) Ha pacCcTosI -
Huu MeHee 1000 M, CUTHAJIOB yMEHbILIEHUS
ckopoct — MeHee 400 M, ycTaHABJIMBAIOTCS
HOYHBIE CUTHAJIBI.

OrnpenenM pacCTosTHUE BUTUMOCTH TIPU
IBUXEHWHU TT0€3/a 10 KPUBOMY Y4acTKY.
MUHUMAaIBEHO JOIMYCTUMBIN pagnyc KpUBOK
noJyiaraetcs paBHbiM 350 M. Kpome Toro,
OyIeM YYUTBHIBAaTh, YTO B KPMBOM Y4YacTKe
OKpYXaloliue CTPOeHUsI, IePEBbs U JAPyrue
MpeaIMEThl 3aKPBIBAIOT MAIIMHWUCTY BUIM-
MocTb. UX MUHMMaJIbHOE PacCTOSTHUE 10 OCU
IyTH OTpaHUYEHO rabapruTOM MPUOTUKEHUS
crpoeHuii. [IpensitcTBUe Xe Ha ITyTH, KOTO-
poe T0JKEH YBUIETh MAIITMHUCT, OTCTOUT OT
OCH He MeHee YeM Ha ITOJIOBUHY rabapura
TTOJIBMDKHOTO COCTaBa.

CxeMa ompene/ieHUsT PaCCTOSTHUST BUIIU-
MOCTHM TTOKa3aHa Ha puc. 2. Ha Hem 0603Ha-
YeHBI: A — KabWHa MaIIMHUCTA IBUXKYIIIETO-
cs aJexTporioe3na; B — mpensaTcTBue Ha
nytr; C — BBICTYNAOIIAsg YacTh BHEITHUX
00BEKTOB (CTPOEHMIA, Jieca M T.11.), 3aropa-
KUBAIOIINX BUANMOCTb B KPUBOM Yy4acTKe
nyti; O — MeHTp KPUBOM.

C y4eToM MUHMMaJIbHBIX pa3MepoB rada-
puros 1o nanHbiM TOCT 9238—2013 «Jaba-
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o 350

Puc. 2. Cxema onpegeneHnss BUGUMOCTHU.

PUTHI XKeJIE3HOAOPOKHOTO MOJBUXHOTO CO-
cTaBa U NpUOJIMKEHUST CTPOEHUIA» [7] mosy-
YUM CJIeyIoIIee paCCTOSTHUE BUIMMOCTH:

S = 4[3502-(350-2.450)? +

+(350+1,575)%(350-2450)% = 94,4 M.

3)

W3 npuBeaeHHBIX 3HAYEHU I pacCTOSTHUS
BUAUMOCTHU MPU MJIOXUX MOTOTHBIX YCIOBUSIX
W IBUKEHUU IO KPUBOMY y4acTKy HEOOXo-
IUMO BbIOpaThb HaUMEHbIlIEe 3HAUEHUE,
B JaHHOM cJlyyae — HaiiieHHoe 1o hopmy-
ne (3).

Hago ormeTuTh, 4yTO Mpu ornpeneseHuu
CKOPOCTHU MpHU JOOOBOM CTOJIKHOBEHUU
B hopMmyny (2) ciaeayeT MOACTaBIAATH MOJ0-
BUHY PacCTOSIHUSI BUAUMOCTU.

st yTOUHEHUsT cueHapus aBapuiiHOTo
CTOJIKHOBEHMSI Ha XXeJIe3HOJOPOXKHOM Mepe-
e3/ie C aBToMoOuIeM (WU APYroit MallHOM )
PaccCMOTPEHbI BO3MOXKHbBIE MACChl IPY30BbIX
aBTOMOOMJIEH B COOTBETCTBUM C [8], KOTOpbIE
MoryT pocturatb 35 1. CienyeT Takxke y4u-
ThIBaTh, YTO U3 OOILEro Mapka aBToOMOOUIei
B Poccuu Ha 1 auBaps 2013 roga (50,5 muH
1LIT) FPYy30BbI€ COCTABJISIIOT OKOJIO YETBEPTU —
11,8 man (23,3%). Macca aBromobmist 10 T
B IEWCTBYIOILEM CTaHIapTe, OUEBUAHO, HE
COOTBETCTBYET MaKCUMaJIbHO JOMYCTUMOIA,
KOTOPYIO 1LIeJIeCO00Pa3HO YBEIUUMUTh A0 35 T.

HakoHell, TpedyeTcss 1OMOIHUTEIbHbBII
CLeHapUil coynapeHus C HEMOABUXHBIM
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HU3KUM MPEINSITCTBUEM, UTO MpeanoyaraeT
BO3MOXHYI0O aBapUIHYIO CUTyallUMIO MPU
HaxOXJAEHUN HEeOOJIbIIOTO MPEensTCTBUS Ha
nepeesne (JIETKOBOTO aBTOMOOWJISI, KMBOT-
HOIO U T.11.).

JlaHnHoe TpeboBaHUE OmMpeaesseT mapa-
METpPbl MyTEOYUCTUTENS (MeTeJlbHUKA)
U MPUCYTCTBOBAJIO B paHee AeCTBOBABIIEM
JIOKyMeHTe [5].

Yrto KacaeTcsl TUMIOB MaCCaXXUPCKUX Ba-
TOHOB, KOTOPbIE MOT'YT y4aCTBOBATh B ClIEHA-
PUSIX CTOJIKHOBEHMSI, TO TTacCaXUpPCKUe Mo-
e3/1a 10 CKOPOCTU ABMXEHUS KiacCUubULIU-
pytotcs cornacHo T'OCT P 55434—2013 [9].
IToaToMy U clieHapuu aBapUHBIX CTOJKHO-
BEHUIi ciienyeT UMEeTh IS BCeX MpenycMo-
TPEHHBIX 9TO Ki1accudukanuein TUMoB Mmo-
€3J10B.

COOTBETCTBEHHO MpeIiaraeTcs Caeayro-
WA MMepeyeHb ClleHapueB aBapUMHBIX
CTOJIKHOBEHUIA, yKa3bIBAeMbIii B IT. 6.2 CTaH-
napta [4]:

cueHapuil 1 — moaenupyet 1000Boe aBa-
pUITHOE CTOJIKHOBEHUE ABYX UACHTUYHBIX
MOE3IHbIX COCTABOB;

cueHapuil 2 — MoaeaupyeT aBapuitHoe
CTOJIKHOBEHME Ha XKEeJIe3HOJOPOXKHOM Mepee-
3[1e C KPYITHOrabapuTHBIM IPy30BbIM aBTOMO-
OusieM (MM Ipyroi MalllnHO|) Maccoit 35 T;

cueHapuil 3 — MoaeaupyeT aBapuitHoe
CTOJIKHOBEHME C IPy30BbIM BaroHom (6e3
oydepon) maccoit 80 T;
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clieHapuit 4 — MoImeaupyeT aBapuitHoe
CTOJIKHOBEHME Ha XKeJIE3HOMOPOKHOM Tepe-
€3/I€ C HEBBICOKMM TIPETISTCTBUEM (HAIIPUMED,
JIETKOBBIM aBTOMOOWJIEM, SKUBOTHBIM U JIP.).

YciioBus clieHapueB CTOJIKHOBEHUI TIPU -
BeJleHbI B Tabaule 1.

Pa3nen 8 «TpeGoBanus K ycTpoiicTBam
MOIJIOMEHUsI SHEPTUU» TOXE HYXTaeTcs
B KOppekuusax. B yactHocTu, mosaraem,
cloja u3 yTpaTuBIllero cuiay [5] caenyer
OOaBUTB:

— JOTIYIIEHUS B TOIMOJHEHUE K IMyH-
KTy 8.9;

— PEKOMEH/IyeMYIO IOCJIeI0BaTeIbHOCTD
cpabaTtbIBaHUS B IOMOJHEHUE K 11. 8.13;

— KpPUTEPUU MACCUBHOM OEe30MacHOCTHU
(B xauecTBe 11. 8.14);

— TpeOOBaHME K pa3MENICHUIO YCTPONCTB
MOMJIOLIEHUS 9HEPruu (B KauecTse II. 8.15);

— TpeboBaHME K KOHCTPYKIIMM KaOWHBI
MalimHucTa (B KayecTne 11. 8.16);

— TpeOOBaHUE IMPETYCMOTPETh yOrparolie-
€CsI CLIETTHOE YCTPOMCTBO Ha TOJIOBHOM €M~
nuie [1C (B kauectBe 11. 8.17).

ITo cOBOKYITHBIM pe3yyibTaTaM UcCiIenoBa-
HUSI TIPAaBOMEPEH BBIBOJI, UTO CYIIIECTBYIOIINX
TeXHUYECKUX TpeboBaHUI cTaHAapTa «ABa-
PUIAHBIE KP3III-CUCTEMBI KeJIE3HOTOPOXKHOTO
TMOJBMXXHOTO COCTaBa ISl MacCaXUPCKUX
TePEBO30K» HEJIOCTATOYHO JIJIsT 00eCTIeUeHUST
0e301acHOCTH IMacCakMPOB U JIOKOMOTUBHOM
Opurabl.
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ABSTRACT

The analysis of interstate standard «Accident crash
systems of railway rolling stock for passenger trans-
portation», earlier applied standards, as well as inter-
national experience of similar regulations was con-

ducted, proposals to improve technical requirements
for systems of passive protection of passenger trains
were developed, including their standardized versions.
Thisis done by taking into account scenarios of rolling
stock emergency collisions simulated by the authors.

Keywords: railway, passenger train, car, passive safety, norms, standards, collision scenarios, crash

system, emergency situation, statistics, modeling.

Background. One of the elements of safety
systems of passengers and locomotive crews in
emergency collisions of electric trains is provided
passive protection devices of the head car. With
increasing train speeds and an increase in pas-
senger traffic regulatory requirements are neces-
sary, the implementation of which provides ade-
quate effectiveness of such systems, and encour-
ages the attention of specialists to them.

Over the years, mainly foreign experts have been
dealing with these issues. The basic standards con-
taining design standards include European EN12663:
2000 [1], EN15227: 200807 [2] and the US Code of
Federal Regulation 49CFR [3]'.

In Russia, with development of high-speed traffic
has been developed and put into effect as the inter-
state standard GOST [state standard] 32410-2013
«Accident crash systems of railway rolling stock for
passenger transportation» [4]. However, it needs to
be improved. On the basis of the analysis its weakest
positions were refined in terms of the needs of the
practice.

Objective. The objective of the authors is to offer
measures to improve technical requirements for pas-
sive protection systems of electric trains.

Methods. The authors use general scientific and
engineering methods, simulation, comparative and
legal analysis, evaluation approach.

Results. The main points that need substantial
revision are summarized in the diagram shown in
Pic. 1.

Section 5 «General Provisions»: p. 5.3 includes
incomplete list of tasks solved by crash system. It is
necessary to extend this paragraph and to present it
in the wording of the document [5].

As a significant omission can also be considered
alack of criteria for evaluating the levels of protection
of crash systems. This again is to be filled with mate-
rials of the document [5] by introducing an additional
paragraph 5.4.

Section 6 «Collision scenarios» includes, on the
one hand, insufficient set of scenarios, and on the
other — too generalized classification of rolling stock,
including only two categories of trains — with design
speed not exceeding 160 km/h and over 160 km/h.

In the interstate standard [4] head-on collision
with a train is excluded from collision scenarios that
is hardly justified as many comments were made on
that issue during the discussion before entering the
document into action.

Meanwhile, the statistics shows a significant
number of head-on collisions. Moreover, apart from
passenger trains they involved freight, heavy trains
(which only reinforces the importance of the introduc-
tion of this scenario). Let’s note the following acci-
dents:

- 20.05.2014, 12:32, haul Bekasovo I-Nara of

Kiev direction of Moscow Railways, Naro-Fominsk
district, Moscow region. — Collision of a freight train
with a passenger one; 6 people were killed and 40
were injured;

- 21.10.2014, 03:32, depot TCHPRIG-14, Lob-
nya — collision of electric multiple unit with a standing
train; no injured;

—12.01.2013, 05:10, Slyudyanka district of Irkutsk
region, 5337 km of Trans—Siberian main line — collision
of a freight train with an oncoming single locomotive;
2 people were killed;

—01.04.2002, Moscow, near Yaroslavsky railway
terminal — collision of a passenger train and a shunt-
ing locomotive; 22 people were injured;

—27.12.2001, about 5 a.m., station Ruzaevka of
Kuibyshev Railway — collision of a freight train with a
passenger train;

—01.07.1998, 06:16, the place of connection of
the main run of Kiev direction of Moscow Railway and
connecting branch with Big Ring of Moscow Railway —
collision of a propelled ballast cleaner first with one
electric train and then head-on collision with another;
4 people were killed;

- 31.05.1996, haul Talmenka-Litvinovo of Kem-
erovo railway — collision of 4 cars with cement and an
electric train; 18 passengers were kKilled, 44 were
injured;

-20.07.1995, Gorky Railway, near Sergach
(Nizhny Novgorod region) — collision of two oncoming
trains: postal-freight train and freight train; 6 people
were killed, 20 were injured;

Therefore, «<head-on» scenario as the most dan-
gerous, should be introduced into the standard, under
the first number.

Let’s consider speeds, which are considered in
scenarios of accidental collisions. We shall judge from
the fact that the driver of the passenger train moving
at a certain speed, notices movement of oncoming
train (head-on) on the same track or an obstacle in
the form of car / vehicle standing on the line. The
driver applies emergency braking and the train begins
to slow down movement. The speed that it will have
at the time of collision depends on initial speed, dis-
tance to the obstacle at the start of braking and de-
celeration in emergency braking mode.

Assuming that the motion of the train is uniformly
decreasing and not taking into account longitudinal
vibrations, time to collision and the appropriate speed
can be found by solving the following equations:

V:V0 —at,

2 (1)
—vor-9”
S=Vyt 7
where Vs train speed at the moment of collision;
V, is speed before braking;
a is train deceleration;
t is time of braking before collision.
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{{# Table 1
1 Terms of collision scenarios
\ Train type Operating Scenario 1 | Scenario 2 Scenario 3 Scenario 4

speed, km/h | gpeed at collision, km/h Statical load, kN

on central line
at a distance of 750 mm from a central line

Passenger up to 120 36 72 36 60 50

Express from 120 36 90 36 150 130
to 140

Speeding from 140 36 110 36 240 200
to 200

High-speed above 200 36 110 36 300 250

To clarify the emergency collision scenario at a

Era railway crossing with a car (or other vehicle), the pos-

T T 7 | | sible mass of trucks are considered in accordance

[';;;i;v'f; o J [gﬂg;gg;;%f;‘;gh;;;] [}: s smmpor ] with [8], which can reach 35 tons. It should also be
crash system protectionof cras| systems.

14.04.201015]

Order N 820r of
railway vehicle bodies» [2]

EN 15227 <Railway rolling stock . ‘ ‘ National Standard of the Russian
G o Federati

Into section
6:Listof
train types

i borne in mind that of the total fleet of cars in Russia
! 1 1 by 1 January 2013 (50,5 million pieces) trucks ac-
counted for about a quarter — 11,8 million (23,3%).
Vehicle weight of 10 tons in the existing standard,
obviously, does not correspond to the maximum
permissible, which it is advisable to increase to 35

¥ ¥ 1 1]
Inp.8i3: Addtop. Addtop.815 Addtop.8.16:
recommended 8.14: passive requirements requirement
operatingsequence | | safety criteria for EAD for driver's

placement cabin

[ [ [ |
3
Add to p.8.17: requirement for Interstate standard GOST32410-2013 «Emergency
retractable coupling device on the crash systemsof railway rolling stock for passenger tons.
leading unit of RS transportation [4] . e . .. .
Finally, an additional scenario of collision with a

Pic. 1. Proposals for the improvement of the existing ~ Stationary low obstacle is required, which suggests

Into section 6:
list of collision
scenarios.

standard GOST 32410-2013. possible emergency situation when a small obstacle
. is on at crossing (a passenger car, animal, etc.).
Hence, the speed of collision is: This requirement defines the parameters of track
V= JVOZ—aS . (2) cleaner (cowcatcher) and was present in the previ-
. o ously existing document [5].
To determine speed (2) it is also necessary to As for the types of passenger cars, which may be
know visibility parameters for drivers. involved in collision scenarios, passenger train on

Visibility limitation is possible because of bad  gpeed are classified according to GOST R55434—
weather ortraffic on curved track sections. According 2013 [9]. Therefore, the scenario of emergency col-

to the instructions on signaling, with visibility of day  jisions should be provided for all of train types accord-
stop signals (due to fog, snowstorms, rain, snow) at  jnq to this classification.

adistance of less than 1000 m, or of signals of speed Accordingly, the following list of emergency col-
reduction of less than 400 m, night signals are in- jision scenarios, indicated in p. 6.2 of the standard, is
stalled. o _ offered [4]:

Let’s determine visibility distance when a train Scenario 1 — simulates head-on collision of two
moves on a curved section. The minimum allowable  jgentical trains;
curve radius is assumed to be 350 m. In addition, we Scenario 2 - simulates emergency collision at a

consider that in a curved section surrounding build- crossing with a large-sized truck (or other machine)
ings, trees and other objects hinder driver’s visibility.  \eighing 35 tons;

Their minimum distance to the track axis is limited to Scenario 3 - simulates emergency collision with
structural clearance. The obstacle on the track, that 4 freight car (without buffers) weighing 80 tons;
the driver should see, is spaced from the axis of at Scenario 4 — simulates emergency collision at a
least half limit clearance. ) railway crossing with a low obstacle (e.g., passenger
Scheme of determining visibility distance is shown car, animals, etc.).
in Pic. 2. Notations on it: A— driver’s cabin of amoving Terms of collision scenarios are summarized in
electric train; B — an obstacle; C — a protruding part  gpje 1.
of external objects (buildings, forests, etc.), blocking Section 8 «Requirements for energy absorption
visibility in a curved section of the track; O — center of  geyices» also need to be adjusted. In particular, we
the curve. N ) o believe there from lapsed document [5] should be
Given the minimum size of limit clearances ac- completed with:
cording to GOST 9238-2013 «Limit clearances of — Assumptions in addition to p. 8.9;
railway rolling stock and structural clearance» [7] we — Recommended operating sequence in addition
obtain the following visibility distance: top. 8.13;
S = 1lasoz-(3so-2,450)2 + — Passive safety criteria (as p. 8.14);
(3) — Requirement for placement of energy absorp-
+(350+1,575)>~(350-2,450)° = 94,4 m. tion devices (as p. 8.15);

— Requirement for driver’s cabin design (as p.
8.16);

— Requirement to provide for a retractable cou-
pling device on the leading unit of RS (as p. 8.17).

Conclusion. In total the study justified the conclu-
sion that existing technical requirements of the stan-
dard «Accident crash systems of railway rolling stock

From the values of the distance visibility in poor
weather conditions, and driving on curved sections it
is necessary to select the lowest value, in this case —
found by the formula (3).

It should be noted that in determining speed in a
head-on collision in the formula (2) it is necessary to
insert a half of the visibility distance.
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for passenger transportation» is not enough to ensure
safety of passengers and locomotive crews.
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