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ABTOpamMu paccMoOTpPeHbl OCHOBHbIE
fMpPUYNHbI TPABMUPOBAaHUS rpaxxaaH

B pe3ynibTaTte Hae3aa noaBvKHOIro
cocTtaBa, poJib 4eJ10Be4eCKOro
¢akropa, aHann3upyeTcs CTaTUCTUKA
Hapyluel-mii Ha neLwexogHbIx
nepexonax 4yepe3s esie3HO4OPOXHbIe
nyTu, nokasaH pac4yeTt BpeMeHU
cpabarbiBaHUsI aBTOMAaTU4Y€CKOM
CUrHaimm3auunu. an nomoLun
9KCrnepTHOro Meroaa nposeaeHa
oLleHKa TexHOJIorm4eckux ¢pakTopos
no crterneHvn ux BJINsSIHNS Ha ONnNacHoOCTb
BO3HUKHOBEHMUs csiy4aeB Hae34a, AaHbl
3aKJIl04eHNs U peKkoMeHZaunu.

Knro4eBbie c/ioBa: Xene3HoA0POXHbIV
TPaHCoPT, NneLlexoaHbIl nepexoa,
yesioBedYeckuii pakTop, 6€30MacHOCTb,
cucTemMa rnpeaynpexaeHus.
|
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CucremHbie pakTopbl
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newiexoaHbIX nepexopax
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EBreHuit TAMOLLEHKO
Evgeny N. TIMOSHENKO

ayacTylo MpUYMHAMU TpaBMaTU3Ma
rpaxkaaH Ipu MepeceYeHur XKeae3Ho-
JIOPOXKHBIX MyTEH IO MeleX0IHbIM
nepexonam sIBJISIFOTCS TIpeHeOpexxeHre cooCT-
BEHHOI GE30IMaCHOCTBIO U 3JIEMEHTApHOE Ha-
pYILIEHME TIPAaBUJI HAXOXKIEHUST B 30HAX TTOBbI-
LLIEHHOTO PUCKA.

ITpuBenem cratuctuky 3a 2013—2014 ronsl
I10 OJTHO TOJIbKO nopore. HecMoTpst Ha cHKe-
HUe O0IIET0 YPOBHS TpaBMaTU3Ma, Ha MOCKOB-
ckoit xene3Hoit mopore (M2K/I) B 2014 romy
HaOJIo1aN1ach TEHASHIIUS K POCTY CIyvacB
TPaBMUPOBAHMUSI TPAXKIaH Ha IEIIEXOIHbIX I1e-
pexonax.

Takue cliyyau 3aperucTpUpOBaHbI:

— Ha NyTIX MePEroHoB 57% OT UxX OOLIETO
KOJIMYECTBA;

— Ha NyTIX craHuui — 27%;

— B Mpe/esiax MacCaxXupceKux miaTrhopm —
16%.

Bcero Ha nepexonax mocrpaganu 159 yeno-
BeK, U3 HUX 123 — co cMepTeIbHBIM UCXOI0M
(82013 romy — 156 yenoBek, u3 Hux 108 cmep-
TeabHO). [Tpou3sornuio 9 ciyyaeB TpymnIoBoOro
TpaBMUPOBaHUs, rocTpagain 19 yemosek, n3



Hux 13 norubau (B 2013 roay 5 cayyaes, 10
YeJIoBeK, U3 HUX 4 C JIETAJIbHBIM MCXOIOM).
TpaBMUpoBaHbI 16 HECOBEPIIIEHHOJNETHUX, U3
Hux 11 ymepmu (82013 romy 16 yenosek, 9 cMep-
Teit).

ITemrexogHble TIEPEXOIbI OOOPYIYIOTCS
B COOTBETCTBUY C TEXHUYECKUMU TPeOOBAHM -
SIMU, YTBEPXKIEHHBIMU pacnopstkeHreM OAO
«PXKJ1» ot 23.12.2009 Ne 2655p [1] u Kak Tex-
HUYECKUIN KOMITIEKC SIBJISIFOTCS HEOThEMJIEMOM
YacThl0 MHXXEHEPHOTO OCHAIlleHUsT uHbpa-
CTPYKTYPBI KeJIe3HOAOPOXKHOTO TPaHCIIOPTAa.
WxeHepHbIe COOPYXEHUsI BKIIIOYAIOT B ce0st
HACTUJIBI U JIECTHUIIBI, OTPAXKIEHMUST, OCBETH -
TEJIbHBIE YCTAHOBKU U JIPYTUE BJIEMEHTHI IS
obecrieueHus yTOOHbBIX M 0€30IMaCHbIX YCIOBUMA
TepeceyeHMsI IeIeXoaaMu KeJIe3HOTOPOKHBIX
nyteit. K HUM nobassitorcst nHGOpMaloH-
HbIE CUCTEMBI B 3aBUCUMOCTU OT KaTeropuu
MEeNeXOAHBIX MMEPEX0I0B, OHU BKJIIOYAIOT
MpenyTpeauTeTbHbIe 3HaKK (TUTaKaThl, yKa3a-
TEJIN) M YCTPOICTBA aBTOMATUUYECKON CUTHA-
JIA3a1uN.

ABTOMaTMYECKast CUTHAIM3AIIsI 3aTIpeliia-
€T JABIKEHUE TIelexona mo Mmepexony mpu
BCTYIUICHUH ITO€3/1a Ha y9aCTOK ITPUOJIKEHUSI.
U oHa xe ngaet pa3peliaroliiiee ykazaHue cpasy
rnocje 0CBOOOXKIECHUS MOE3I0M MeIIeXOTHOTO
nepexona.

OCHOBHBIM KPUTEPUEM, OTIPEICIISTIONINM

0e30IMacHbII Mepexo Mellexo1aMu 9epes Ke-
JIE3HOOPOXHBIE ITyTU B OOYCTPOEHHOM LISt
3TOTO MECTE SIBJISIETCS BpeMsl BKIIIOUEHU S
CHUTHAJIM3ALIN O MPUOJIIKEHUK TToe3ma t  (C).
OHO MpeICTaBIeHO KaK CyMMa TpeX He3aBUCH -
MBIX BEJTMUMH:
th = tl + t2 + t3’
e ¢, — BpeMsl, 3aTpaYuBaeMoe TIEIEX0NaMu
(B pacuet GepeTcs rpyImna U3 TpeX YeJoBeK
cuHTepBaoM I M: L =1 x 3 =3 M) Ha IBIXe-
HUE B Mpeeax onacHo 30HbI (JUTMHA Tiepe-
xofa — L), OrpaHMY€HHOM TIpeeaMu HaKo-
MMUTETBHBIX 30H B COOTBETCTBUU C IMPOEKTOM
Ha 00yCTPOICTBO TIEIIEXOIHOT0 IePexXo/a;

1,— BpeMsl cpabaThIBaHMs IIPUOOPOB LieTe
W3BEIIEHUs W yIpaBleHUs, TPUHUMaeMOe
DPaBHBIM 2 C;

{, — rapaHTUIHOE BpeMsl, IPUHMMAEMOE
paBHbIM 10 c.

BpeMms HaxoxxaeHus neliexona B onacHOn
30HE€ 7, BBIYUCIIAETCA 110 (hopMmyIie:
=, +L) /Y,
e L — 1ivHa NeexXoaHoro nepexosa, orpe-
JessieMast Kak CyMMa pacCTOSTHUI MeKIy Ha-
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B Konnyectso
TPaBMUPOBaHHBIX

B Co cmepTenbHbIM
ncxogom

2013r.

2014r.

Puc. 1. CooTHoweHne obLyero konuyecTea
TPaBMUPOBaHHbIX U CJTy4aeB CO CMepPTesIbHbIM
ncxogom Ha MK 8 2013-2014 roagsl.

nbosee yraJleHHBIMU KpalHUMM peibcaMu
TTIOC 5 M TTPU CKOPOCTSIX IBMKEHUS He OoJtee
140 xm/4 nu 10 M TIpM CKOPOCTSIX ABVXKEHUST
oosee 140 km/4;

L _— ycroBHast JUIMHA IPYIIIbI MELIEXOI0B,
3m.

V ... — Dacdy€THasg CKOPOCTb IBUXKEHUS
rierexonoB, mpuHuMaemast 0,83 M/c (3 km/4ac).

PacuéTHas njmMHa ydyacTka NpuOJIMXKEeHUsT
JUTsL TICLIEXOIHBIX Iepexonos L, . M (B mpa-
BUJILHOM HarlpaBJIeHUU JBMXKEHUS) U LHenp, M
(B HETIPaBWJILHOM HaITpaBJICHUH) OTTpeAeIsIeT-
cs1 o hopmysiam:

an=Vnp><tM3B/3’6;
L =V _xt /36,

Herp Herp  M3B

rae 3,6 — KoahGUIUEHT IIEPEeBOIa CKOPOCTH
M3 KM/4 B M/C;

Vnp u VHerlp — CKOpPOCTb JABWKEHUS Toe3na
(XM/4), COOTBETCTBEHHO B ITPaBUJIBHOM 1 He-
MpaBUILHOM HaIlpaBJIEeHUN IBKCHUSI.

YucaeHHOCTh MaKCUMaJIbHOW TPYIIIIHI,
KOTOpasi HaYMHAeT JABMKEHUE T10 TIePeXory
B MOMEHT BKJTIOUEHMSI 3aITPeIalolero CUrHa-
J1a — 6 yenoBeK. CpelHsIst CKOPOCTh €€ JIBUKe-
HMSI Ha TIOAXO/IE K IENIeXOIHOMY TIepeXony —
1 M/c, MaKCUMaJIbHOE BPEMSI IIPUHSITHS peliie-
HUSI — 6 C, a CpellHee PACCTOSIHUE OT OTHOTO
reiiexoja ao cieayiomero — 1 M. B utore
BpEMsl , PaCCUMTHIBAIOT ULl OJHOTO MYTH IO
dopmyie:
t,=(6,0+3,1+152+25)/0,51=27,73c,

Torma BenmynHa ¢, coctaBut 25,73 + 4 +
10 = 39,73 c, okpyrisieMbIx 10 40 c.

s IBYXITyTHOT'O yyacTKa Haao Y4ecCThb
HEOOXOIMMOCTb JTOTIOJTHUTEIEHOTO TIepexoa
KakK 4epe3 MEeXIYNyTbe, TaK 1 Yepe3 BTOPYIO
KoJieto yT. Ha mpsiMbIX y4acTKax IeperoHoB
PaCCTOSTHUE MEXITY OCSIMU ITyTei JOJKHO OBITh
He meHee 4100 MM, a Ha CTAHLIMOHHBIX ITYTSIX —
He menee 5300 mm. Torma Bpems f, TOJKHO
COCTaBJISITh:
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IS IEPETOHOB — 1, = (6,0 + 3,1 + 1,52 + 4,1
+2,5)/0,51=33,8c;

A7 CTaHuMid — ¢, = (6,0 + 3,1 + 1,52 + 5,3 +
2,5)/0,51=36,1c.

COOTBETCTBEHHO BEJIMUMHA ! U3MEHSIETCS
oT 45,8 10 48,1 c.

Taxkum oGpa3oM, 151 OMTHOITYTHOTO yJacTKa
MBI BBIXOIUM Ha BpeMsI BKITIOUCHUSI CUTHAJIM -
3a1MK O MPUOJIVKEHNH IT0e3/1a, PABHOE MUHU -
MyM 45 ¢, TIpM TIepecedeHnn IBYyX MyTeil — Ha
BpeMsl, paBHOE OT 55 ¢, JUIst TieperoHoB u 60 ¢
(1 MuHyTa) — IS CTAHIIUIA.

Pacuer 1151 60sbl1IETO UMCIIA ITyTEH BBITO-
HSIETCSI aHAJIOTUIHO.

B ciydae BepOSITHOCTHOTO MOIXOAA JUIS
pacueTa BpeMeHH Tiepexo/ia yepes3 ImyTh HeoO-
XOJIMMO YCTAaHOBUTH 3aKOH pacrpeneeHMs
cKopocTH V riepexoa Jiojieii uepes MmyTHu.

Haxonum 11oTHOCTB pacrpeneieHus City-
YyaiitHOW BeJIMYUHBI V-

V=p(r)=>.

DyHKIMIO ¢ TIpeIToIaraeM HeTpepbIBHON
u muddepeHupyemori. O6o3Haumm kak g('lv)
IUIOTHOCTD pacrpeneaeHust BeJuuuHbl V. Uto-
On1 onpenenuts g(V), Haliiem cHavyaia pyHK-
LIMI0 pacnpeaeneHus BeauuuHbl V. Umeem
t =¥(V), rne dyakuus Y (V) — obpatHas
byHKLIIY ¢.

Torma
Y()

G(V)= j F)dt.

ey

HunddepeHIMpys MHTETpaI IO TIepeMeH-
HO1 V, BXOs111eil B BEpXHMI TTpee, MOayduM

gV)=G'(V)=fF¥)¥' ().
S
H3sBecrtHo, uro V = 7 a BeJIMYMHA ! pac-

pejesieHa 1o JorapuGmMuiecku HOpMaIbHO-
MY 3aKOHY C TUTOTHOCTBIO pacrpeieeHus —

1 (Int-m,,)
(t) = exp e 2
to, N2 2%, @
BHINTOJTHYB BBEIYKCIICHNS, IMEEM:
S
V=¢(t)= 7
S
t: t =—,
P(1) 7

gV)=fCYOY'V).

ITpeobpasys Bbipaxenue s g (V), moiy-
yaeM:
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g =rc——
(S)O-lnt \/E

vV

N )
_(ln[;)—mm) s
48

(©)

eXp
20‘2m,

DTO ecTh He YTO MHOE, KaK Jlorapudmuye-
CKU1I HOpMaJIbHBI 3aKOH C ITapaMeTpaMU:
a'an =InS — n’llnt’

Gan: Glm.'

I1pu onieHKe 6e30MacHOCTH Iepexoaa cie-
JIyeT YUUTHIBATh HATMYME TaKUX (PAKTOPOB, KaK
paccTosTHUE 10 MPUOIIDKAIOIIErocs Mmoe3/a,
TUIT ¥ CKOPOCTD TTOABMKHOTO cocTaBa [2].

IToBTOpEeHMe U3 rona B rof CIyyaeB TPaBMU-
pOBaHUS TICIIEXOI0B Ha XKEJIe3HOIOPOXKHBIX
Tepexoaax CBUACTEILCTBYET O TOM, UTO JICHCT-
ByIOIIAsl CUCTeMa obecrieueHsT 6e30IacHOCTH
HemocTaTrouHo 3¢ dekTuBHa. [IprueM 310 Ka-
CaeTcs 1 IIepexo1oB, 000PyI0BaHHBIX B ITOJTHOM
COOTBETCTBUM CO BCeMU ODUITMATBHBIMU TPe-
ooBaHuAMMU. Peraroniyim 31ech ocTaeTcs Hera-
TUBHOE BO3IEHCTBHUE YETI0BEYECKOTO (haKTopa.

CorracHO SHIMKIONEINIECKOMY OIIpee-
JICHUIO TIOJ YeJIOBEYECKUM (DaKTOPOM ITOHU-
MarOT MHOTO3HAYHbIN TEPMUH, OTTMCHIBAIOIIAN
BO3MOXKHOCTD IIPUHSTHS Y€JIOBEKOM OIIMO0Y-
HBIX, QJJOTUYHBIX PEIICHUI B TeX WM MHBIX
cutyanusax. MakcumanabHas CTEIeHb ydyeTa
HEOoMpeaeIeHHOCT! TTOBEACHUST YeTI0BeKa,
CHUXKEHUSI BOSMOXHBIX PUCKOB, YMEHbBIIICHUS
O0XUIaeMbIX OT 3TOT'0 MOCJEACTBUI — OlHA U3
00s3aTeIbHBIX 3a7a4 NP pa3paboTKe HOBOI
TEeXHUKHU.

B cTatbe craBuTCS 3a1a4a-aHAIOT; BBISIBUTD
CTEIeHb COOTBETCTBUSI ITApAMETPOB TEXHUYE-
CKOTO OCHAILIEHUS TIeIIeXOIHBIX TTePEX0I0B
Yyepes XKeJIe3HOIOPOKHBIE ITyTH ITOBEIEHYECKO-
MY CTepEOTHITY Ipak/iaH B 30He Mpearioiarae-
MO TSI HUX OTTACHOCTH.

OCHOBHBIMHU SIBJISIFOTCSI TPAaBMOOITACHBIE
(akTopnl, OOYCIOBIEHHbIE HATMYMEM IIelle-
XOIOB BO BpeMsI IBIXKEHUS XKeJIE3HOTOPOXKHO-
To COCTaBa B 30HE Tepexona Yepe3 IMyTu, Ha-
IpuMeD:

— omMbOYHOE JeCTBYE UesloBeKa (J4eso-
BeuecKkuii (pakTop);

— HECOOTBETCTBHUE TEIIEXOTHOTO IIepexoaa
TeXHUUECKUM TPeOOBAHUSIM.

Tak kak pellleHue o Mmepexoie yepes xke-
JIE3HOIOPOKHBIE ITyTH IIPUHMUMAET HeIOCpeI-
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Ta0imuna 1

O0pa3en 3KCePTHOI aHKETbI

Ne i/ | HaumeHoBaHue hakTopoB

Hey;[06ﬂoe PaCIIONIOXKEHME MTEIIEXOAHOIO II€peXoaa

HeBepHasi orieHKa ONTACHOCTU TIPU TIEPECEUSHUH TTYTEeH 1O MEUIeXOTHOMY TIePeXO1y

Tioxast BUAMMOCTD PIH(i)OpMaL[I/IOHHbIX CUTHAJIOB 1 3HAKOB B YXYAIICHHBIX IMMOTOAHBIX YCIOBUAX

HenocratouHoe oCBelIeHUE MELIEX0IHOTO nepexona

Meluaroliee 1 e30pHeHTUPYIOIee AeHCTBHE ITyMa

[MpeHeOpexeHue npaBuIaMu Ge30MaCHOCTH TIPH TIEPEXO/IE Yepe3 KeJIe3HOAO0POKHbIE ITYTH

HenocraTouHblit 063op TICHICXOAHOIO IMepexXo/ia v MPUJICrarolux y4acTKOB IIyTHU

D |IN|AN[n [ |WI|No |~

PacnosnioxxeHue I/IH(pOpMaL[I/IOHHLIX 3HaKOB
B IJIOXOI 30HE BUAMMOCTH

CTBEHHO Y€JIOBEK, TO €ro 0e30MacHOCTh
B 3HAUUTEJBHON CTENEHU 3aBUCUT OT Mpe[-
npruHUMaeMbIX UM 1aroB. Kaxpas ommbka
B IOBEJAECHUHU YEJIOBEKA — ITO BCETAA PE3Y/IbTaT
€ro IecTBUs Nau 6€31eCTBUS, TPOSIBJIEHUS
CBOWCTB IICUXUKHU, OMPENETEHHBIX €€ ACTIEK-
TOB. O1IMOKAa MOXET OBbITh CIACACTBUEM IICU-
XUYECKUX KauecTB (MPUPOIHBIX WU TIPUO-
OpeTEHHBIX), COOEB B IMPOIIECCE IICUXMIECKOM
JIESITEIBHOCTU (YEJIOBEK UYTO-TO HE 3aMETHII,
HEeMpPaBUJIbHO UCTOJIKOBAJI, HEBEPHO MPEICTa-
B U 11p.). [ToCKOIBbKY BCE 3T MTCUXUYECKIE
MPOSIBJIEHUS] TECHO CBA3aHbI MEXIY COOOM
U B3aUMOOOQYCJIOBJIEHBI, TO YCMOTPETh B HUX
NEepBONPUYUHY OLIMOKM OKa3bIBa€TCS HE
MpoCTO.

CrienoBaTenbHO, BaXKHO, YTOOBI YEJIOBEK
TPaBUIILHO OIIEHUBAJI CBOU (PU3NUYECKIE BO3-
MOKHOCTH ITPU OMPEAETIEHUU BPEMEHU, KOTO-
poe MoHano0uTCs eMy JUIsl 0€30MacHOrO nepe-
CEUYCHUS XKEJe3HONOPOXKHBIX MYTEH, a TAaKXKe,
B 9KCTPEHHO CUTYallMy MOT TTPEANTPUHSTD BCE
HeoO0XoAUMOE, YTOObl BOBpEeMSI MTOKMHYTh
OIACHYIO 30HY.

HecooteTcTBue neniexoqHbIx MepexoaoB
TEXHUYECKUM TPEOOBAHUSIM MOXET MTPOUCXO-
IUTh B CHJIy Pa3HbIX MPUYUH. BO3MOXHBI,
HanpuMep, BaHAAJIbHbBIE NEVCTBUS, TPEXKIEB-
pEMEHHAas1 aMOPTU3ALUS TEXHUYECKUX CPEICTB,
XaJIaTHOCTbh MPU MPOEKTUPOBAHUU WIM IO-
CTPOVKe MELIEXOJHOTO Mepexoaa.

st pazpabotku Hanbosee 3(hHEeKTUBHBIX
MEPOTIPUSITUI TTO 0O0eCTIeYeHMIO OE30ITaCHOCTH
MEelIeX0q0B CIeAyeT YTOUHUTh 3HAYEHUE OT-
JIeJTIbHBIX (DAKTOPOB, OTHAKO CPEIN HUX CYIIIEe-
CTBYIOT TaKH€, KOTOPbIE HE TTOIAAIOTCS KO-
YECTBEHHOMY M3MEPEHUIO WUJIA U3MEPSIOTCS
KOCBEHHBIM IyTeM. B Takux ciydasix 4yacto
MPUMEHSIOT SKCIEPTHBIA METOI.

JLJ1st 9KCIIepTHOTO aHajlun3a HeoOXOAUMO
MpexXe BCEro OMpPEeAeIUTh ero ueib. Jlanee
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TpedyeTcst 4eTKO c(hopMYIMPOBATH BOMTPOCHI,
Ha KOTOpBIE OYAYyT OTBEYaTh IKCNepThl. Bo-
MPOCHI TOMEIIAIOT B aHKETY, OCTaTbHOE — 32
OTBETAMM ClienMaanucToB. U TyT BaxHO,
qTOOBI OHU 00J1a1aJIM JOCTATOYHOI KOMIIe-
TEHTHOCTBIO MPU OLIEHKE MOCTaBIEHHBIX
Bompocos [3].

ITpu BeIGOpE 3KCIEPTOB HAMOOJIEE TOAXO0-
JISIIAMU Ha 3Ty POJIb OYIyT rpaxaaHe, XKUBY-
1I[e B HETIOCPEICTBEHHOM OJIM30CTH C XKeJe3-
HOMOPOXHBIM TIEIIEXOAHBIM MEPEXOI0M,
TIOJIB3YIOIIINECST UM HE MEHEE IBYX Pa3 B CYTKU.
JIns1 OlleHKM KOMTIETEHTHOCTH Yallle BCeTo
TPOCTO YYUTHIBAIOT CBEIEHUSI 00 OTIBITE U KBa-
JnduKamm KCIrepra.

OnHuM U3 HamboJee PacIpoCTPaHEHHBIX
B OKCIIEPTHOM METOJIE SIBJISIETCSI CIIOCO0 paH-
roBbIX onleHOK. [Ipu 3amoHeHUU aHKETHI
SKCITePT ITpHCBanBaeT (hakKTopaM paHTH OT 1 10
n (n — KOJIMYECTBO MCCIIEAYyeMBbIX (DAKTOPOB)
1o Mepe yObIBaHUS UX BIMUSHUSA. B KauecTBe
npumMepa B Tabinie | mpruBeneHa aHKeTa, Mo-
3BOJISTIONIAST OLIEHUTh CTETIEHb BIUSIHUS (haK-
TOPOB Ha ONTACHOCTh BOBHUKHOBEHUSI CITy4aeB
Hae3/Ja Ha TMeIIeX0I0B, MOIb3YIOIINXCS Tepe-
XOJIOM 4epe3 KeJIe3HOTOPOKHBIE TTYTH.

B cnyuae ecnu aKkcnepT IpUCBOWIT Pa3HbIM
(hakTOpaM oAMHAKOBBIE PAHTU W X HOPMAJTU-
3YIOT, IOJKHO OBITh CIIPABEUTMBO BhIPAKEHUE:

n

_n(n+1)
>a =200,

IJIe 7 — Y1CIIo (DaKTOPOB;
Jj — HOMeD (pakTopa;

R,-,- — paHr ¢akTopa Mo OLeHKe i-I0 IKC-
rnepra.

B pesysbrate aHKETUPOBAHUST SKCIIEPTOB
ToJTydeHa MaTpulia PAaHTOB, KOTOpasi IIPEeICTaB-
JieHa B Tabnuie 2.

HToroByto olieHKy BIUSIHUS j-TO (pakTopa
YCTaHaABJIMBAIOT Ha OCHOBE ITOJICYETa CYMMBI

4)
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Tab6uuna 2

Marpuua paHroB

DKCnepThl

1 2 [3 J4 s |6 |7 |8
Ne cpakTopa Panru .
1 4 8 4 4 3 7 8 5 43
2 8 2 5 3 6 5 2 4 35
3 2 3 2 7 5 6 7 7 39
4 3 4 3 5 7 4 6 8 40
5 6 7 6 8 8 3 4 3 45
6 1 2 3 3 4 1 1 2 17
7 7 1 1 1 1 2 5 1 19
8 5 6 7 2 2 8 3 6 39

n
paHroB Ry 110 crostoaM. CaMbIM BIMATENb-
j=1

HBIM IIPU3HAETCS TOT, Y KOTOPOTO CyMMa PaHTOB
HanMeHbIIIasl.

Ha ocHOBe MaTpHIIbI CTPOUTCS TUarpaMma
CYMMBI PaHTOB, OHA IIpeICTaB/IcHa Ha puC. 2.

IToyyeHHBIC JaHHBIE MOXHO MCTIONB30BaTh
TOJIBKO B TOM CJIy4ae, €CJI OHA COOTBETCTBYIOT
JIOCTAaTOYHOM COTTIaCOBAHHOCTU MHEHUIA 3KC-
rmeptoB. CorytTacOBaHHOCTb MHEHMI OTIpeIeIsi-
0T C TTOMOIIIBIO KO3 (UIMEeHTa KOHKOPIALIAA
W, KOTOPBIIA pacCUNTHIBACTCS 110 (DOPMYJIE:
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L€ U — YKCJIO TPYII (DPAKTOPOB, KOTOPbIE UME-
0T COBMABLIME PAHTU B 3KCIIEPTHOM aHKETE i-To
9KCIepTa;

k —HoMep rpymnIibl C COBMABLIMMU paHTaMU,
k=1,2,..;

t, —4MCII0 (PAKTOPOB C COBIMABIIMMMU PAHTa-
MM B IpymIie ¢ HOMepOM k B 9KCIIEPTHOM JINCTE
[-TO 9KCIIepTa.

KoadduumeHT KoHKOpaauuu MOXET MpU-
HuMmath 3HaueHus ot 0 go 1. I[Tpu 3HaueHUn
W = 0 cornacoBaHHOCTb UX MHEHUI OTCYT-
CTBYeT, 3HaueHue W= 1 cBUIETeIbCTBYET O MOJ-
HOI1 corjaacoBaHHOCTU. B mpumepe, paccmo-
TpeHHOM B Tabnuuax 1, 2, 3Hauenue W=0,045.

JI1st OLleHKM 3HAYMMOCTU BBIYMCJIEHHBIX
3HaYeHUl W UCHob3yIoT KpUTEPUIt Cortacust

® MWP TPAHCIMOPTA, Tom 13, N2 6, C. 226235 (2015)

x?. I3 MaTteMaTU4eCcKOii CTATUCTUKY U3BECTHO,
yTo BesimurHa m(n—1) W cooTBeTCTBYeET X>-pac-
npeneneHuto ¢ (n—1) creneHsio cBoboabl. Pac-
Tpe/iesieHre CyJaifHbIX BEJIMIMH X° XapaKkTe-
puU3yeT CiTyJaiiHble OTKJIOHEHMSI CYyMM KBaapa-
TOB HOPMAJIBHO PACTIPENEIEHHOM BETMUUHBI
C HyJIEBBIM MaTeMaTUUeCKUM oxuaanveM. Ecim
3a/1aTh HEKOTOPBI YPOBEHb 3HAYMMOCTH (, TO
C BEpPOSATHOCTBIO (1—¢g) TeKymiue 3HAYCHUS
x’< x{l COOTBETCTBYIOT CJTyJYaifHbIM OTKJIOHEHU -
sM. Eciu okakerest, 4To 3HaYeHust x*>x° , T0
C BEPOSITHOCTEIO (1—¢) MOKHO yTBepKIaTh, YTO
OOHapy:>KeHHBIE OTKJIOHEHUST OT HYJIST HE CITy-
YaifHbI ¥ HE OTTMCBIBAIOTCS pacTipeiec/ICHAEM X2.

3aaBIIKCh YPOBHEM 3HAYMMOCTH, HAIpy-
Mep ¢ = 0,05, o Tabauiiam x’-pacrpeneeHust
OMpPEaeIIsIIOT xzq, cooTBeTcTBYyIOIIME (n—1) cTe-
TeHU cBOOOABI. 3HaUueHHe KoaddummreHra
KOHKOPIALMK CYIIECTBEHHO OTJIMYaeTCsl OT
HyJ1s1, ecv m(n—1) W>x2q. B Takom cirydae cre-
JIyeT TIPU3HATh, YTO COIIACOBAHHOCTD IKCIIEP-
TOB JIOCTaTOYHA U C BEPOATHOCTHIO (1—¢) He
MOXKET OTPENIEIISITHCS CITyIaifHBIMU COBIAICHN -
sIMU OLIEHOK. B paccMoTpeHHOM mpuMepe
nmMeeMx’ = 25,4, 1 ce10BaTeIbHO, 3HAYMMOCTb
BBIUMCJIEHHBIX 3HAYeHU KOa(hhUIIeHTa KOH-
KOpIAIy MOATBEPKIAETCSI.

MeTtonoMm 3KCIepTHOro aHaiu3a ObLIU BbI-
SIBIEHO TpU Hamnbosiee 3HAYUMBIX (hakTopa,
BIVSTIONINX HA TIPUHSITHE TIETIIEX0I0M HEBEPHO-
TO pelIeHNsT, KOTOPOEe MOXKET MPUBECTH K Orac-
HBIM TIOCICICTBUSIM:

— HeBepHasl OlIeHKa OMAaCHOCTH Ha Tiellle-
XOITHOM TTepeXo/Ie;

— npeHeOpexkeHue MpaBuIaMu Oe30MacHO-
CTHU TIPU TIEPEXOJie Yepe3 KeJIe3HOTOPOKHBIE
MyTH,

— HEIOCTaTOYHBIA 0630p MElIeXO0IHOTO
repexo/a v MpUIeTaolinX yIacTKOB MyTH.
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BbIBOObl

W3 nmosry4eHHBIX JaHHBIX CIIAYET, YTO TIe-
PEXO0I Yepe3 KeJIC3HONOPOXKHbIE ITyTH, SIBJISIICH
OCO3HAaHHbBIM, lieJICHAPaBIeHHBIM aKTOM,
MpuroOpeTaeT IS Mellexoaa OnpeaeIeHHYIO
OITaCHYI0 3HaYMMOCTh. UeM OoJiee 3HAUYM-
MbIM — TPEBOXKHBIM U CJIOXHBIM OYIEeT IS
HEero JJaHHOE JICCTBUE B €r0 OOILEH esITeIb-
HOCTH, TeM 0O0JIbllIee SHEPTeTUYECKOE U MH-
(bopmalIMOHHOE MOAKpPEIIEHUEe OHO OyaeT
umethb. [Tonyyaercs, 4To B IIpoLIecce IesITeIb-
HOCTH CYILIECTBYET CBOSI CUCTEMHOCTh: OoJiee
3HAYMMblE U HEOIPEAeIEHHbIC IeHCTBUS 110~
JIy4aloT 00JIbllIee 3HEPTreTUIECKOE MOIKPEILIe-
HUe, a MeHee 3HauMMBbIe, MeHee HeOIIpeIe/IEH -
Hble — COOTBETCTBEHHO MeHbllee. Korma xe
YeJIOBeK HEBEPHO OLIEHMBAET 3HAYUMOCTh
M CJIOXHOCTh ACHCTBUI, TPUHUMAEMbBIX UM
pEIlIeHMI1, TaKasi CUCTeMa HapylllaeTcsl, U 3TO
YpeBaTo OLIMOKAMM.

ToTOBHOCTB IpaskiaH HaYaTh ABMXKEHUE 110
Mepexoj1y Py HAJIMYMU KPACHOTO OTHSI CBETO-
(bopa 1 B oTCyTCTBME ITOKA Moe3aa (I MHOTO
MOJBMXXHOI'O COCTaBa) B 30HE BUAMMOCTHU
C IIEILIEXOTHOTO IIePeXo/a IPUXOIUT B JIOTMYE-
CKOE ITPOTUBOPEYHE C IIPaBUIaMu O€30I1aCHO-
ro nepexozga. B maHHOM ciydae IONBITKA
Pa3bSICHUTEIbHOI pabOThl U JaXKe BBEICHUE
CUCTEeMBbI IITPaOB OKAXYTCs Mano3((heKTUB-
HBIMU.

JoOuThcs mepeoMa CUTyallMu B I0JIb3Y
HEYKOCHUTEJIbHOTO COOJIIOICHMSI TTPaBIII O€3-
OIACHOCTU MOKHO TOJIbKO 3a CYET POCTA JIOBE-
pust K pabote aBroMatuku. Eciy BKIIOUMICS
KPAaCHBbIIA CBET — TO yrpo3a IPUYMHEHMS Bpeaa
rpaxaaHam peajibHa. B 9Toii ¢BsI3u IpUMeHsI-
[olIMecs ceiyac CUCTEMbl CUTHAIM3AlMK Ha
Iepexonax uyepe3 XKeJIe3HOMAOPOXKHbIC IMyTU
B OJJHOM YPOBHE TPEOYIOT MOACPHM3AIINHU,
Hy:KHa 0oJiee BBICOKAsI MOYHOCHb ONOBCULCHUSL
0 nPUGAUNICEHUU ROOBUICHO20 COCIABA C YHEMOM
8peMeHU nepexooa no neuexoOHOMy HACMULY.
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SYSTEM SAFETY FACTORS AT PEDESTRIAN CROSSINGS

Zhukov, Viktor 1., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Ptushkina, Lyubov V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Timoshenko, Evgeny N., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The authors have considered the main causes of
citizens’ hitting by rolling stock followed by injuries, the
role of human factor, analyzed statistics on violations at
pedestrian crossings over railway tracks, showed calcu-

lation of response time of automatic signaling. With the
help of an expert survey method technological factors
are evaluated, which are ranked according to the degree
of their influence on the risk of collision cases, conclu-
sions and recommendations are given.

Keywords: railway transport, pedestrian crossing, human factor, safety, warning system.

Background. Often the causes of injuries to citi-
zens when crossing railway tracks at pedestrian
crossings is neglect of their own safety and violation
of rules of presence in high-risk areas.

Let’s provide the overall statistics for the years
2013-2014 for only one railway. Despite the decline
in the overall level of injury at Moscow Railway (MR)
in 2014 there was a trend to an increase in cases of
injury to people at pedestrian crossings.

Such cases were recorded:

— Of total number of the cases 57% occured on
tracks of hauls;

— On station tracks — 27%;

— Within passenger platforms — 16%.

A total of 159 people were injured at crossings, of
which 123 - fatal (in 2013—-156 persons, 108 of them
fatal). There were 9 cases of group injury, 19 people
were injured, 13 of whom died (in 2013, 5 cases, 10
people, 4 of them with fatal outcome). 16 minors were
injured, 11ofwhom died(in 2013, 16 people, 9 deaths).

Pedestrian crossings are equipped in accordance
with the specifications approved by the order of JSC
Russian Railways dated 23.12.2009 N2 2655r [1] and
as a technical complex are an integral part of engi-
neering equipment of railway transport infrastructure.
Engineering structures include decking and stairs,
fences, lighting systems and other elements to ensure
comfortable and safe conditions for pedestrians
crossing of railway tracks. These information systems
are added depending on the category of pedestrian
crossings, they include warning signs (posters, signs)
and automatic signaling devices.

Automatic signaling prevents pedestrian move-
ment at crossing when a train enters approximation
section. And it also gives a permitting indication im-
mediately after the pedestrian crossing is free of train.

Objective. The objective of the authors is to study
system safety factors with respect to pedestrian rail-
way Ccrossings.
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Pic. 1. The ratio of the total number of injured and
fatalities on MR in 2013-2014.
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Methods. The authors use general scientific
methods, simulation, statistics, comparative analysis,
evaluation approach.

Results. The main criterion for determining the
safe passage of pedestrians across railway tracks
in-furnished for this site is time of turning on signaling
ofapproach of trains t,, (s). Itis represented as the
sum of three independent variables:
twarn = t1 N t2 u tS’
wheret, is time spent by pedestrians (a group of three
people with an interval of 1 m is taken into account:

=1 x 8 =3m) on movement in the danger zone
(fength of crossing - L), limited to accumulation
areas in accordance with the project for resettlement
of pedestrian crossing;

t, is response time of devices of circuits of notifi-
cation and control, taken equal to 2 s;

t, is warranty time, taken equal to 10 s.

The time pedestrians stay in the dangerous area
t, is calculated as:

t =L, tL) /Yy

Where L, /s Iength of pedestrian crossing, defined as

a sum of distances between the outermost extreme

rails plus 5 m at speeds not exceeding 140 km/h or

10 m at speeds over 140 km/h;

L notional length of a group of pedestrians, 3 m.

. Is calculated speed of pedestrians, taken as

0,83 m/s (3 kmy/h).

The calculated length of approximation section
for pedestrian crossings L, m (in the right direction
of motion) and L, m (in the wrong direction) is de-
termined by the formulas:

Lcr_ Vng>< twan/ 3’ 6"

L,=V, xt. /3,6,
where . 3, 6'is coefficient of transfer of speed from km/h
into m/s;

v, and V., is train speed (km/h), respectively in
right and Wrong directions of motion.

The number of maximum group, which starts
moving at the crossing at time of turning on prohibit-
ing signal — 6 people. Its average speed when ap-
proaching a pedestrian crossing is 1 m/s, the maxi-
mum time for decision-making is 6 s, and the average
distance from one pedestrian to anotheris 1 m. As a
results time t, is calculated for one track using the
formula:
t,=(6,0+3,1+1,52+2,5)/0,561=27,73 s,

Then the value t, is 25,73 + 4 + 10 = 39,73 s,
rounded to 40 s.

For double-track section it is necessary to take
into account the need for additional crossing across
intertrack spaces, and across the second gauge of
the track. On straight sections of hauls the distance
between axes of tracks should not be less than
4100 mm, and on station tracks — not less than
5300 mm. Then, the time t, shall be:

for hauls—t, =(6,0+ 3,1+ 1,62+4,1+2,5)/0,51=
33,8s;
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for stations — t, = (6,0 + 3,1 + 1,62 + 5,3 +
2,5)/0,51=36,1s.

Respectively, the value t ranges from 45,8 to
48,1s.

Thus, for single-track section we enter the time
of switching on signaling on train approaching,
equal to at least 45 s, at the intersection of two
tracks — for a time equal from 55 s, for hauls and
60 s (1 minute) — for stations.

The calculation for a greater number of tracks is
similar.

In case of a probabilistic approach for calculation of
passagetimeacross tracksitis necessaryto set the distribu-
tion law of speed V of people passage across tracks.

We find the density of random variable distribution V:

V=o(r)=- (1)

Function j is assumed to be continuous and differen-
tiable. Let denote as g (V) distribution density of the value
V. In order to determine g (V), we first find distribution func-
tion ofthe value V. We have t=Y(V), where the function Y(V)
is reverse to function j.

Then

)

G(V)= j F()dt.

a

Differentiating the integral over the variable V,
included in the upper limit, we obtain

gV)=G'(V)=F(¥)|¥'(V).
Itisknownthat V = % andvalue tis distributed accord-

ing to a logarithmically normal law with distribution density

_ 1 3 (Int - m,, )2
<>¢2—P[ } 2

20_21111
After calculations we have:
S

V=¢(t)=—

#() p
S
t=¢g(t)=—,
#(t) v

g =YYW
Converting expression for g (V), we obtain:
N )
—(In| = |-
o JelSmr]s
R 7

> oo

This is nothing else but the logarithmic normal law
with parameters:

a, , =InS-m
S SInt.'

When assessing safety of crossing itis necessary
to take into account the presence of factors such as
distance to the approaching train, type and speed of
rolling stock [2].

Repeating every year cases of injury to pedestri-
ans at railway crossings shows that the current
safety system is not effective enough. And this also
applies to crossings, equipped in full compliance with
all the formal requirements. Decisive here is the
negative impact of the human factor.

According to the encyclopedic definition a hu-
man factor is multiple term, describing taken by a
human erroneous, illogical decisions in certain
situations. The maximum degree of accounting of
uncertainty in human behavior, reduction in possible
risks, reduction of expected consequences of this

Int

v~

is one of the essential tasks in development of new
technology.

The article sets a similar task: to identify the extent
to which the parameters of technical equipment of
pedestrian crossings over railway tracks correspond
to behavior patterns of citizens in the area of the sup-
posed danger to them.

The main factors are traumatic, due to the pres-
ence of pedestrians while driving the train in the zone
of crossing over tracks, for example:

— human erroneous actions (human factor);

— incompliance of pedestrian crossing with
specifications.

Since the decision to cross the tracks is taken by a
person, his safety to a large extent depends on the steps
taken by him. Every mistake in human behavior is always
the result of his action or omission, the manifestations
of the psyche of properties, certain of its aspects. The
error may be caused of mental qualities (natural or ac-
quired), failures in the process of mental activity (a per-
son did not notice, misinterpreted, misrepresented,
etc.). Since all of these psychic manifestations are
closely linked and interdependent, then see in them the
root cause of the error is not easy.

Therefore, it is important that a person correctly
assesses his physical abilities in determining the time
that he will need for safe crossing of tracks, as well as
in emergency situations could take all the necessary
time to leave the danger zone.

Inconsistency of pedestrian crossing with speci-
fications may occur due to various reasons. There are,
for example, vandal actions, premature depreciation
of technical means, negligence in the design or con-
struction of a pedestrian crossing.

To develop the most efficient measures to provide
pedestrian safety it is necessary to clarify the impor-
tance of individual factors, butamong them there are
some that are not quantifiable or measured indi-
rectly. In such cases, expert method is often used.

For expert analysis it is necessary firstly to deter-
mine its purpose. Then it is required to formulate
clearly questions that the experts will address. Ques-
tions are put in the questionnaire, and the rest — for
answers of professionals. And here itis important that
they have sufficient competence in the assessment
of the issues raised [3].

When choosing experts the most appropriate for
this role will be citizens who live in close proximity to
the railway crossing and use it at least twice a day. To
assess the competence are usually just taken into
account the details of the experience and qualifica-
tions of the expert.

One of the most common in the expert method is
a method of estimations ranked. When filling out the
questionnaire expert assigns grades from 1ton(nis
number of factors studied) to factors in descending
order of their influence. As an example, Table 1 shows
a questionnaire that can help to rank the factors ac-
cording to the degree of their influence on the risk of
pedestrian collisions, using crossing over railway
tracks.

Ifthe expert assigned to various factors the same
rank and they are normalized, the expression should
be fair:

Z": _n(n+1)
Jj=1 ! 2
where n is a number of factors;
Jis N2 of factor;
R is a rank of factor according to the estimate of
the i-th expert.

(4)
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Table 1
Model of a questionnaire to be filled-in by an expert
Ne Name of factors
1 Inconvenient location of pedestrian crossing
2 Incorrect assessment of danger when crossing tracks at a pedestrian crossing
3 Poor visibility of information signals and signs in worsened weather conditions
4 Lack of lighting at pedestrian crossing
5 Interfering and disorienting action of noise
6 Neglect of safety rules when crossing railway tracks
7 Inadequate angle of vision of the pedestrian crossing and adjacent track sections
8 Location of information signs in poor visibility area
Table 2
Rank matrix
Experts
1 2 [3 4 s [6 [7 |8
Ne of factor Ranks ;K’
1 4 8 4 4 3 7 8 5 43
2 8 2 5 3 6 5 2 4 35
3 2 3 2 7 5 6 7 7 39
4 3 4 3 5 7 4 6 8 40
5 6 7 6 8 8 3 4 3 45
6 1 2 3 3 4 1 1 2 17
7 7 1 1 1 1 2 5 1 19
8 5 6 7 2 2 8 3 6 39

1 2 3 4 5 6 7 8

Pic. 2. Diagram of rank sum.

As a result of the survey of experts was received
the rank matrix which is presented in Table 2.

The final assessment of the effect of the j-th fac-
tor is determined based on a calculation of the sum

of ranks ZR,-, in columns. The most influential is
Jj=1
recognized that, in which the rank sum is the lowest.

On the basis of the matrix is constructed diagram
of rank sum, it is presented in Pic. 2.

The data obtained can be used only ifthey comply
with sufficient consistency of expert opinion. Consis-
tency of opinion is determined by the coefficient of
concordance W, which is calculated by the formula:

D Y/
ST I N (5)
(i =n)-m T

wherein
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d, =R, ~0,5m(n+1);
i=l

T =3t 1),
k=1

where u is a number of group of factors that have
coincided in the ranks in the expert questionnaire of
the i-th expert;

k is N2 of group with coincidentranks, k=1, 2, ...;

t,.is a number of factors with coincident ranks in
the group with number k in the expert list of the i-th
expert.

Concordance coefficient can range from 0 to 1.
If the value W = 0 the consistency of their opinions is
not available, the value of W = 1 indicates complete
consistency. In the example considered in Tables 1
and 2, the value of W= 0,045.

To assess the significance of the calculated values
W is used consent criterion x?. From mathematical
statistics it is known that the value m(n-1)W corre-
sponds x?-distribution with (n-1) degree of freedom.
Distribution of random variables x?characterizes
random deviations of sums of squares of normally
distributed variables with zero expectation. If we set
a certain level of significance q, then with probability
(1-q) the current values of x?< x2q correspond to
random deviations. If it turns out that the values of
X2 >x2q, with probability (1-q) can be argued that the
observed deviation from zero are not random and are
not described by the distribution of x2.

At a given level of significance, for example q =
0,05, according to tables of x*-distribution is deter-
mined xzq, appropriate to (n-1) degree of freedom.
The value of the coefficient of concordance is sig-

Zhukov, Viktor I., Ptushkina, Lyubov V., Timoshenko, Evgeny N. System Safety Factors at Pedestrian

Crossings



nificantly different from zero if m(n-1 )W>x2q. In this
case, it should be recognized that consistency of
experts is sufficient and with probability (1-q) cannot
be determined by random coincidences in estimates.
In this example, we have x?= 25,4, and hence the
importance of concordance coefficient calculated
values is confirmed.

The method of expert analysis identified three
most important factors, influencing the making by a
pedestrian of a wrong decision that can lead to dan-
gerous consequences:

— Incorrectassessment of the danger at a pedes-
trian crossing;

— Neglect of safety rules when crossing the rail-
way tracks;

— Insufficient angle of vision of the pedestrian
crossing and adjacent track sections.

Conclusions. From the collected data it follows
that the crossing of the railway, being a conscious,
deliberate act, acquires a certain dangerous impor-
tance for pedestrians. The more important, disturbing
and challenging is the action for him in his general
activity, the more energy and information reinforce-
ment it will have. It turns out that in the course of activ-
ity there is its own consistency: more significant and
indefinite actions receive more energy reinforcements,
and less important, less uncertain receive relatively
smaller power support. When a person wrongly evalu-
ates significance and complexity of the actions, of the
decision made, the system is broken, and it is fraught
with errors.

The willingness of citizens to start moving on the
crossing in the presence of red light of traffic light and
in the absence of train (or other rolling stock) in the
area of visibility from a pedestrian crossing comes in
logical contradiction with the rules of safe passage.
In this case, conduct of outreach, and even the intro-
duction of a system of fines will be ineffective.

Turning the situation in favor of the strict obser-
vance of safety rules can only be achieved through
growing confidence in the work of automation. If the
red light turns on then the threat to harm citizens is
real. In this connection, signalling systems at level
crossings require modernization, we need more pre-
cise warning of rolling stock approach with account
for time of crossing over the walkway.
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