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Hemanoe konnyectBo npouvcLiecTsui
(Hae3[0B Ha nlogeN) Ha NyTIX ABVDKeHUs
noespaa 3acTaBssieT U3y4aTb NoBegeHue

4esioBeKa, ero peakunm, o4eHKyY yrpo3

B paiioHe «y4acTKOB rnpubvxeHns», Bbibopa
6e3onacHoro ans ce6s BpemMeHu B npeaenax
BU3yaslbHO KOHTPOJINPYEMOIr0 PACCTOSIHUSI.
B cTtatbe npeacraB/ieHbl U3BMepPeHus1
BpeMeHU nepexoaa rnewexonos 4yepes3
JKes1e3HOA0POXXHbIE MyTU AJ1s1 Pa3/INYHbIX
ycnoBui n cutyauuii. lMpakTtnyeckoe
npumeHeHue nosly4eHHbIX 3aBUCUMOCTEN
npeanonaraet cpepy NPoeKTUpoBaHus
cpencrts obecrneyeHns 6eaonacHocTu

u co3gaHusi HOBbIX TEXHU4YECKUX ycrpoﬁcrs
B 30HEe OTBETCTBEHHOCTHU )XKeJ1Ie3HbIX Jopor,
B TOM 4ucsie obocHoBaHue TpeboBaHWii

K CyLLeCTBYIOLMUM CUCTEMAM CUrHaNn3aunumn
Ha newiexoAHbIX nepexonax.

KnioyeBbie c/ioBa: Xxene3Hoa0pOXHbIe yTu,
y4aCTOK MPUBIVKEHUNS, NeLLIEXOAHbIV Nepexo/,
Bpewms nepexona, 6e3onacHoe paccTosiHue,
CKOPOCTb ABVXEHMS rnoesaa.
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JIsl peaju3alMy MpaBa rpaxjaaHuHa

Ha IOJy4eHHUe XKeIe3HOA0POKHBIX

YCJIYT €My HeOoOXOAMMO MPUOBITH
K MecTy mocajiky B 10€3]1, a MocJie BbIX0Ia
M3 BaroHa B MYyHKTEe Ha3HAYEHUSI — JOCTUI-
HYTb MECTa MOJb30BaHMS APYTUM BHAOM
TpaHcrmopTa. Kpome Toro, 3HauuTesbHast
4YacTh IPaXKIaH JJIsI OCYIIECTBICHUS CIOXKUB-
LIMXCSI KOMMYHUKAILIMOHHBIX CBSI3€ii IIepexo-
JIUT IyTH B OJJHOM YPOBHE K 00BEKTaM COLIM-
aJIbHOTO Ha3HayeHMs (Mara3uHaM, pbIHKaM,
Y4eOHBIM 3aBEICHMSIM U JIP.) B 30HE OTBETCT-
BEHHOCTH XKEJIE3HOJAOPOXKHOIO TpaHCIOpTa
M PACIIOJIOXKEHHOr0 PSIIOM HAacCeJlEHHOTO
MyHKTA.

Takue mepexobl JIIOAU COBEPILAIOT Kak
10 CIIEeLMAJIbHO 000PYJIOBaHHBIM IEIIEXOI -
HBbIM HAaCTWJIaM, TaK M B HEYCTAaHOBJICHHBIX,
HEO0OPYIOBAaHHBIX JJIsI 9TUX LIeJIeil MecTax.
CoryacHO CTaTUCTUUECKUM JaHHBIM [ 1], 0KO-
710 90% ciyyaeB TpaBMUPOBAHMS B 30HE OT-
BETCTBEHHOCTH 3KeJIE3HOAOPOXHOTO TpaH-
cIopTa MPOUCXOASIT B pe3yJbTaTe Haesaa
MOJBMXHOTO cocTaBa. [locTpamaBiive, Kak
MpaBuUJI0, UK IpeHeOperaloT npaBuaiaMu
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0e30I1acHOCTH, WJIM OKA3bIBAIOTCSI HE B COCTO-
SIHUU peajbHO OLEHUTh CTeTICHb MPUOJIKA-
IOLLEIACS YyTPO3bI.

B TexHuueckoil 1uTepaType yTBepAausCs
TEPMUH «y49aCTOK ITPUOIVKEHUST».

CoBepIIeHHO 0YE€BUIHO, UTO IPH OIpee-
JICHUU YCJIOBUI 0€30IMacCHOCTHU Iepexoaa
KaXIbIil U3 TeIeX00B, B MEPBYIO OUYepeb,
OLIGHUBAET BPEMsI, KOTOPOE OH 3aTPaTUT He-
rnocpencTBeHHO Ha repexof. ConocTapJisisi 3T0
BpEMSsI C TPOTHO3MPYEMbIM TSI MOIX0/1a MO -
BUXXHOTO COCTaBa, YeJOBEK AaeT OLIEHKY
CTereHu 0€30MaCHOCTU MPEACTOSIIIEro CBOe-
ro neicTBus. B cTathe mpencraBieHbl U3Me-
DPEHMSI BpeMEHU IBUXKEHUSI Uepe3 3KeJIe3HOI0-
POXHBIE MYTH TEIIEXOI0B M1 pa3sIMYHbBIX
CUTyalluii, KOTOpblE UMEIOT MECTO B 30HE
nepexoja.

g usmepeHust Oblia UCITOIb30BaHA BU-
neoszanuch popmara HD. 3amepbl nmpoBoau-
JIUCh Ha IBYXITYTHOM Y4YacTKe OT MOMEHTa
nepeceyeHus IIOCKOCTH, MTPOXOIsIIIei uepe3
KpallHU# pesibC MepBOro MyTH, A0 BbIXOAa
3a IUTOCKOCTh aHAJIOTUYHOT'O KpaifHero pesib-
ca BTOPOTo MyTH.

Hannuue yeTKUX opueHTUPOB (PEIbChl)
MO3BOJIMJIO C MAKCUMAaIbHOM MOTPEITHOCTHIO
He 6osee 100 MM perucTpupoBaTh MpoLECC
nepexoaa OTIEJbHBIMU rpaxmaHaMu. Kak
MOKa3aHo Ha puc. 1, 6asa uamepenus L =
5740 mm. Ctonb 3HauMTeIbHas 0a3a (MouTu
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nepexoaa Yepes nyTu.

B 6 M) 1aeT BO3MOXHOCTb CHU3UTh JIO MUHM -
MyMa BIMsIHUE aOCOJIIOTHOI ITOrPeIIHOCTH
nzmepenuss A = (100 + 100) = + 200 mm
Ha o0wmwuii pe3yabraT. OTHOCUTEIbHAS 110~
TPEIIHOCTh COCTaBUT He Oojee & < 3,5%.
K ripuMepy, B BEITOJIHEHHOM paHee UCCIen0-
BaHUU | 3] u3MepsIoCch BpeMsl Iepexoaa uepes
Kojeto nyty (1520 MMm) u mipu Toii ke adbco-
JIIOTHOM TTOTPEITHOCTH OTHOCHMTEJbHAS I10-
IPEITHOCTh COCTaBJIsIa OKoJIo & ~ 13%, 4TO
HE MOIJIO 00ECIIEUUTh TOCTATOYHYIO TOYHOCTD
KOHEYHOTO pe3yJsibraTa.

BbesonacHoCTb Ielexona o6ecrneynBaeTcst
ISt MAKCMMaJTbHOM CKOPOCTH COCTaBa MeHee
160 KM/4 ITpy HAXOXXICHUH YeJI0BEKa Ha pac-
crosiHuM He MeHee L, = 2 M oT GikHETO
K HeMy peJibca. C yaeToM 3TOro o01ast JutnHa
repexojia yepe3 OAUH IyTh, TapaHTUPYIOIIast
0e30I1aCHOCTb MEIIEeXO/Y, COCTABUT:

L., =L, t1520+ L, +B, (1)
rae B — rabaput Tea yeaoBeKa omnpeessieTcst
cornacHo [5] ¢opmynoit

B=0bl(P95) +¢, 2)
rae bl(P 95) — ronniuHa Tena yesoBeka, mpu-
HuMaeMas paBHoit 342 MM 117151 95-T0 ITPOLICH-
TS 1 361 MM — 1151 99-TO IPOLIEHTHIIS;

€ — CyMMapHas IornpaBKa Ha CJIydaiiHble
JIBVDKEHMS TeJla U OJIEXKITY.

B nmoxymente 'OCT P EH 547-3-2009
PEKOMEH IyeTCs IIPY OIPEIeICHUH € TIPUOaB-
JISITh IIOMPABKM 110 IIIMPUHE BO (DPOHTAIBHOMN
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Histogram (Spreadsheet1 10v*189c)

Bpemsi nepexoaa 3uma = 188*1,1106*lognorm(x; 1,8401; 0,2572)
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Bpemsi nepexoaa auma: N = 188; Mean = 6,5024

; StdDv = 1,6561; Max = 12,1052; Min = 2,1094|

Puc. 2. Ctatuctunka BpemMeHu nepexona B HOPMaJsibHbIX MOroAHbIX ycnoBusix 6e3 3aTecHeHusl.

MPOEKIMU B KAYECTBE OCHOBHOM JIJIS1 IBMKE -
Hus Tesaa 100 MM 1 Ha TS3KETYI0 3MMHIOI0 WU
JIMYHYIO 3alIUTHYIO ofexay Takxke 100 M.

B xauectBe pacuetHoro b1(P 99) nmpunu-
MaeM 3HadeHue 361 mMm. B utore BeauuuHa
me JIJIS1 PACCMOTPEHHBIX YCIOBUII COCTaBUT:

Lnep = 2000 + 1520 + 2000 + 361 + 100
+100 = 6081 MMm.

C y4eTOM IMOJIYy4EHHOTO pe3yJibraTa BpeMsi
KaXJ0ro u3MepeHus Ha oTpeske L =
5740 MM cienyeT OTKOPPEKTUPOBaTh, YMHO-
JKWB Ha MOMPaBOYHbBIN KO3 duimeHT B =
me/ L, = 1059.

Tenepb pacCCMOTPUM PE3YJIBTAThI CTATUCTH -
YeCcKoi 00paboTKM 3aMepPOB BpeMEHHU TIEPEX0-
Jia BOTHOCUTEJIBHO 0JIarONPUSITHBIX IIOTOHBIX
YCJIOBHSIX 3MMHETO IIepHO/Ia B JHEBHOE BpeMs
(uncroro, 6e3 roysonéna U CHera HaACTUJIA TIe-
pexoja) v Ipv OTCYTCTBUU B3aUMHOIO BJIMSI-
HUS TIeLIeXon0B ApyT Ha apyra (puc. 2). Io-
clieqHee 00CTOSATENbCTBO SIBJISIETCS BeCchbMa
3HAYMMBbIM, KaK 3TO OyIeT [OKa3aHo Jajiee.

J11s1 pacyeToB 4KCIIa IPYII B BApUALIMOH -
HOM PSIIYy BOCIIOJIb3YeMCSI U3BECTHOM (hopMy-
noit Crepmxecca: K= 1+ 1,441Inn= 28,54 ~
9 MHTEPBAJIOB.

Histogram (Spreadsheet1 10v*189c)

nepexop B cHeronag = 75*1,2702*lognorm(x; 1,8465; 0,1889)
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| nepexop B cHeronag: N =75; Mean = 6,4558; StdDv = 1,3235; Max = 11,978; Min = 4,3566 |

Puc. 3. Ctatuctuka BpemeHu nepexoaa B yC/I0BUsSIX CHeronaaa 6e3 3aTecHeHus.
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Histogram (Spreadsheet1 10v*189c)

nepexopq B rononea = 104*1,431*lognorm(x; 1,8335; 0,2595)
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| nepexoq B rononea: N = 104; Mean = 6,4789; StdDv = 1,8498; Max = 13,621; Min = 3,604|

Puc. 4. Ctatuctuka BpemeH nepexoaa B yC/I0BUSIX roJ10/1€AHbIX sIBJIeHWii 6e3 3aTeCHeHusl.

ITpu sToM Oynem TpuaepKUBaTLCS IMpa-
BUJIA, YTOOBI B KAXKBII U3 MHTEPBAIOB U3ME-
HEHUST BpeMEHMU Mepexo/ia Momnanaio He MeHee
TPeX U3MEPECHUN.

MunumanbHbie 3a()UKCUPOBAHHbBIE 3HAUE-
aug 2,0—3,0 ¢ Ha caMoM Jefie YK€ COOTBETCT-
BYIOT O€TY, 4TO, BIIPOYEM, TAKXKE UMEET MECTO.
B kadecTBe TeOpeTMUECKOTO MPUHST JIoTapud-
MHWYECKU HOPMAJTbHBIN 3aKOH pacTipeie/IeHUsT
(cokpallleHHO — JIOTHOPMAaJIbHBII ), (DyHKIIMST
TJIOTHOCTH KOTOPOTO UMEET BU/L:

0 (nr—py
f(t)_tow/ﬁe 20°

IMonacraBnsis IIOJYYCHHBLIC I10 BI)I60pKe
ImapaMeTphl, 3alTUIIEM:

1 (Int —1,782)?
)= e—
7(7) 0,45827 0,132

MartemMaTnyeckKoe OXHUAaHUE BPEeMEHU
nepexoza coctapuiio m, = 6,50 ¢, cpenHekBa-
JpaTHYECKOE OTKIOHEHKE G, = 1,66 c:

2 2
fon 1,84+0’257

—e 2?2 =g 2 =el’87 =6,50 C
O-, =(eo'2 _1)e2y+o-2 " =\/Ht= 1,66 C.

PaccMOTpUM BIAMSTHUE TOTOAHBIX YCIOBUIA.
Ipexae Bcero, mpoaHaIU3UpPyeM HaHHBIE,
MOJIydeHHBIE B YCIIOBUSIX CHeromanaa, HO 6e3
roJI0NeAHBIX siBIcHUIA. Kak BUAHO M3 TMCTO-
rpaMMBbI pHC. 3, 3TO pacripeae/ieHre UMeeT
SIPKO BBIPAKEHHYIO MPABOCTOPOHHIOK ACUM-
METPHIO ¥ MOKET OBITh TAKKE OITUCAHO JIOTa-
pPUOMUUECKN HOPMAaTbHBIM 3aKOHOM.

IMoxanyit, eITMHCTBEHHBIM OTIUYHEM
OT OOBIYHBIX YCITOBUA SIBIISIETCS] POCT MUHUMAITh-

,t>0. 3)
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HBIX 3HAUCHUI BPEMEHM TIepexona yepe3 IMyTh
¢2,01 104,36 c. [1py HeAOCTATOUHOM BUAUMOCTH
(maHHBIC CHUMAJIMCH Ha TTIePeX0Ie TPEThe KaTe-
TOPUM) MEHSIETCST CTEPEOTUIT TTOBSICHNS: Tpa-
XKIaHe MPUOCTAHABIMBAIOTCS B 30HE HAKOILIEC-
HMS 1, yOSTUBIIKCH, YTO ITOE311a HET, CTapaloTCs
MEePENTU 32 MUHUMAJIbHOE BPEMSI.

3HAUYNTENIbHO CHJIbHEE Ha YBEJIMYCHUU
BPEMEHU TepexoJa CKa3bIBacTCs HaTIMJINe
rojionéna (puc. 4).

B ocHOBHOM 3TO BBIpaxaeTcs B pocCTe
IUCTIepCUM BpeMeHHU Tepexoma. Ecau mis
OOBIYHBIX YCIIOBUI CpelHEKBaIpaTUIEeCKOe
OTKJIOHeHMe G, = 1,66 ¢, TO 311eCh OHO COCTaB-
nset yxe 1,85 ¢. B nmenom mepexon uepes
XKEJIE3HOMOPOXKHBIC ITYTHU 110 HACTUIIY TIpHU
HaJIMIUU TOJIOJICIHBIX SIBJICHUI MOXKHO pac-
CMaTpWBaATh B KaueCTBE 3KCTPEMaJIbHOTO
pacmpeneJecHISI BpeMEHU Iepexoa, 1 UMEH-
HO 3TU JaHHBIC JOJIKHBI OIIPEAC/ISTh rapaH-
TUIHOE BpeMs Tepexoa.

Jpyrum TIpuMepoM Tiepexoaa B 9KCTpe-
MaJbHBIM MOMEHT SBISICTCS IBUKECHUE
B YCJIOBUSIX 3aTE€CHEHUsI, KOTIa IMMPUHBI Ha-
CTHJIa XBaTaeT TOJBKO IJIS IBWKCHMS B KO-
JIOHHY TIO OMHOMY B KaXXIIOM HaIlpaBJICHUU.
B 3TOM ciydae MemIeHHBIN TEMIT KOTO-TO
W3 TICIIeXOI0B OIpPEeNeIIsICT TeMIT IBVKCHUS
BCelt KOJIOHHBI U HET BO3MOXKHOCTH €TI0 000-
THaTh, He coliag ¢ HacTuiaa. OTINYUTETbHOM
0COOEHHOCTBIO TaKOU cUTyalluu OyaeT pocT
CpeIHETO BpeMEHM, 3aTpauyriBaeMOT0 JTIOIbMU
Ha nepexon — ¢ 6,48 1o 8,29 ¢. OnHako MaK-
CUMaJIbHBIC 3HAYCHMS IIPU 3TOM BCE TE XKE —
0KoJIO 14 ¢, KaK 3TO BUIHO U3 PUC. 5.
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Histogram (Spreadsheet1 10v*189c)
[eryHuHo B 3aTecHeHun = 48*1,2054*lognorm(x; 2,0938; 0,2089)
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IﬂeryHMHo B3aTtecHeHun: N =48; Mean = 8,2914; StdDv = 1,7571; Max = 13,1758; Min = 4,7382 l

Puc. 5. Ctatuctuka Bpemenu nepexoga Ha cCTaHuMu [leryHuHo B yC/10BUSIX 3aT€CHEeHUs
6e3 rosionenHbIX IBACHUIA.

[IpoBepka o KpUTEepUsIM COIJIACHsI ITOKa- €M JIJIsI TeX XK€ YCIIOBUI1 BEpOSITHOCTU 00ecre-
3BIBAET, YTO 00a 3TUX pacIipele/ieHUsT MpU- YeHUsT 0€30ITaCHOCTH:

HaIJIeXXaT OMHOIM IreHepaJbHOIl COBOKYITHO- Tnpm =X/v 1P, =P (Tnpuﬁﬂ>tmppacq). 4)
CTH, BUJ pacrpeie/ieHNss KOTOpOi MoKa3aH BeposiTHOCTD MomnanaHusi CrydaiiHoOM Be-
Ha puc. 6. JIMYMHBI, pacrpeneieHHON Mo JJOTHOPMallb-

ComnocTaBUM TOJIyYeHHBIE TaHHBIE C pe- HOMY 3aKOHY, B 001acTh X >X, HaXOIUM
3yJIbTaTaMU 9KCIIEPTHBIX olleHOK. [lomcunTa- 110 U3BECTHOM hopmyie:

Histogram (Spreadsheet1 10v*189c)
O6benuHeHHas BbIOOpKa nepexofa B 9KCTpeMarnbHbIx yenosusx = 152*1,3287*lognorm(x 1,9168; 0,2749)
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O6benuHeHHas BbIGopKa nepexoaa B 3KCTPEM ar bHbIX YCIOBUSIX

Puc. 6. Cratuctuka BpemeHu nepexoza B 3kcTpemasnbHbix ycnosusix: N = 152; Mean = 7,065; StdDv = 2,0395;
Max = 14,234; Min = 3,604.
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Ta0imuna 1

CKOppeKTHPOBAHHbIE OIIEHKH 0€30MaCHOCTH

Paccrosiiue 1o npubnu- | 200 300 400 500 600 800 1000
JKAKOLIErocs MOJABUXHOIO
cocTaBa, M
JlnarnasoH CKOpOCTEii, BeposiTHOCTB 06€ecrieueHrs GE30MaCHOCTU
KM/4
20—40 km/a 0,97429 0,99995 0,999998 |1 1 1 1
40—60 kM/4 OTIacHO 0,97429 0,99959 0,99993 0,999998 |1 1
60—80 kM/u OIacHO OIAaCHO 0,97429 0,99884 0,999947 10,999998 |1
80—100 xkm/a OIacHO OIaCHO OIaCHO 0,97429 0,997829 10,999984 |1
100—160 m/4a OIacHO OITacHO OITacHO OITacHO OIacHoO 0,97429 0,99884
peHJCHI/Iﬁ BCCraa MpuBJICKACT UMCHHO IIpaK-
Inz - TUKOB.
P(Tgt):P(T< ”j (5)
(e

Tem He MeHee 1100011 YeTOBEK, IPEXKIe YeM
BOMTH B OIACHYIO 30HY, JTOJDKEH YOeAUThCS
B Oe3omacHocTH nepexoja. IToaTtomy B pacue-
Tax OpaTh «4UCTOE BPeMsl epexoaa» HeloITy-
CTHMO, CJICIYeT y4eCTh BpeMsl Ha OOHapyXeHMe
OIIaCHOro 0ObEKTa ¥ BpeMsl Ha MPUHSITUE Pe-
1eHus1. MakcuMaabHOe 3HauYeHue (C 10BepH-
TeJIbHOI BepoSITHOCTHIO 0,99) mOmoMHUTENb-
HOI'O BPEMEHU IIpU MepeceYeHnn IyTeil oKa-
JKeTcst paBHBIM 6,0 c.

C y4eTOM IPUHSTHIX TOMYIICHUI IToTyda-
€M CKOPPEKTUPOBAHHBIE OLICHKHU O€30I1aCHO-
CTU, IPUBEACHHBIE B Tabime 1.

J1U1s1 Kaxk1Oro U3 MPUBEICHHBIX TMAITa30HOB
CKOPOCTEi1 MOJIydeHbl YpaBHEHMSI PEIrPeCcCUn,
MO3BOJISIOLIME 17151 TF000r0 3aaHHOIO 3HayUe-
HMSI BEPOSITHOCTU 00ecrieYeHMsI 6€30MacCHOCTU
paccuuTaTh y4acToK NpuokeHus. B tabnm-
11e 1 K KaTeropuu «0IacHO» Mbl OTHEC/IM CUTY-
allu, KOI/Ia BEpOSITHOCTh 0€30I1aCHOCTU HIXKE
0,95. B 11e710M 1eMOHCTPUPYEMBIE paCUCTHBIC
JIAHHBIE XOPOIIIO KOPPEIUPYIOT C JaHHBIMU
BKCHEPTHBIX OLIEHOK. DTO ellle pa3 MOATBEp-
JKIAeT MPaBUJIBHOCTh BbIOOpA MapaMeTpOB
pacripeae/ieHUsI BpeMEHU Iepexoaa uyepes
JKEJIC3HOMOPOXHbBIE IYTH MO MEHIEXOIHOMY
HACTUILY.

IIprMeHeHMEe TTOYyYEHHbIX 3aBUCUMOCTE I
KacaeTcs IMpeuMYIIECTBEHHO 000CHOBaHMS
TpeOoBaHUIi K CUCTeMaM CUTHAIM3alluuy Ha I1e-
LIEXOIHBIX MePeXoaax yepe3 XKeJae3HOIOPOXK-
Hele mytu [9, 11]. Ho cama axcnepumeHTab-
Hasl OCHOBA MCCJIEIOBaHMS UMEET M METOIO-
JIOTUYECKYIO LIEHHOCTh, ITIOCKOJIBKY IIPOCTOTA
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ABSTRACT

A considerable number of accidents (collisions
with people) on the tracks makes it necessary to study
behavior of pedestrians, their reaction, criteria of
threat assessment in the zone of «areas of
approaching», and of selection of a safe time for
themselves within a visually controlled distance. The
paper presents results of measurements and

calculations of time that pedestrians need to safely
cross the tracks under different conditions and in
diverse situations. Practical application of obtained
dependences suggests the scope of design of safety
equipment and the creation of new technical devices
in the zone of responsibility of railways, including the
rationale for requirements for existing signaling
systems at pedestrian crossings.

Keywords: rail track, area of approaching, pedestrian crossing, crossing time, safe distance, train speed.

Background. For realization of a right of a citizen
to receive rail service he should come to the place of
boarding, and after leaving the coach at destination
he should reach places where this person could board
another mode of transport. In addition, a significant
proportion of citizens cross tracks at the same level
forimplementation of existing communication links to
social facilities (shops, markets, schools, etc.) in the
zone of responsibility of the railway transport and of
a nearby locality.

Such crossings are made by people at specially
equipped walkways, as well as in non-equipped for
those purposes places. According to statistical data
[1], people get about 90% of injuries in the area of
responsibility of railway transport in case of collision
of the rolling stock. The victims usually either neglect
safety rules, or are not capable to assess real level of
approaching danger.

The term approaching area (or area of safe
approaching to the dangerous zone) is established in
the technical literature.

Itis obvious that in determining conditions of safe
crossing, each of pedestrians, primarily evaluates the
time he will spend directly on the crossing. Comparing
this time with predicted for rolling stock approach, the
person is required to evaluate the safety of his
forthcoming action. The paper presents the
approaches to measuring and calculating safety time
that pedestrians need to cross railway track in different
situations that occur in the crossing zone.

Objective. The objective of the authors is to
consider safety issues in relation to crossing railway
tracks by pedestrians in various weather conditions.

Methods. The authors use statistical analysis,
comparison, mathematical apparatus, field observations.
HD video format was used for the measurement.
Measurements were carried out on double-track section
from the moment of crossing the plane passing through

Pic. 1. Measurement of time to cross tracks.
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the outermost rail of the first track to the exit of the plane
of the same extreme path of the second track.

Results.

Presence of clear landmarks (rails) allows with a
maximum error of not more than 100 mm to register
crossing process of individuals. As shown in Pic. 1
measurement L = 5740 mm. Such a significant
base (almost 6 meters) makes it possible to minimize
the influence of the absolute measurement error
A==%(100 + 100) = = 200 mm on the overall result.
The relative error is no more than & < 3,5%. For
example, in previous studies [3] researchers
measured time of crossing the track gauge
(1520 mm) and at the same absolute error relative
error was about 8 ~ 13%, which could not provide
sufficient accuracy of the final result.

Pedestrian safety is ensured for a maximum speed
of a train of less than 160 km / h while a person is at
adistance notlessthan L =2 m from the rail closest
to the pedestrian. With this in mind, the total length of
the crossing through one track that ensures the safety
of pedestrians, will be:

Lcr = Lsafe +1520 + Lsafe+ B’ (1)
where B is human body size, determined according
to [5] by formula

B=b1(P95) +¢, (2)
where b1(P 95) is body thickness, assumed to be
342 mm for 95" percentile and 361 mm — for 99"
percentile;

¢is total correction for random movements of the
body and clothing.

In the document GOST R EH 547-3-2009 [Russian
state standard] it is recommended in determining €
to add adjustments in width in the front projection as
the main for body movement of 100 mm and for heavy
winter or personal protective clothing also of 100 mm.

As estimated b1(P 99) we take a value of 36 1 mm.
As aresultthe value L for considered conditions will
be:

L, =2000 + 1520 + 2000 + 361 + 100 +100 =

In view of the result time of each measurement on
the section L, .= 5740 mm should be adjusted by
multiplying by correction coefficient p = L_/ L
1,059.

Now let’s consider results of the statistical
processing of the measurement of time of crossing in
arelatively favorable weather conditions in the winter
daytime (clean walkway, without ice and snow) and in
the absence of mutual influence of pedestrians on
each other (Pic. 2). The latter circumstance is very
significant, as it will be shown later.

To calculate the number of groups in a variational
series we use the well-known Sturges formula:

‘meas
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We shall adhere to the rules that each of interval
of changes in crossing time periods includes at least
three dimensions.

Minimum recorded values of 2,0-3,0 s actually
already correspond to the run, which, however, also
takes place. Let’s take like a theoretical law a log-
normal distribution law, which density function is:

-1 (nf-p)y (3)
20

t
f( ) ta\/g
Substituting the parameters obtained from a
sample, we can write:
1 (Int—1,782)
)= e—
f( ) 0,458\2 0,132

The expectation of crossing time was m,=6,50s,
the standard deviation c,= 1,66 s:
0,257

2 =" 26,50

,t>0.

2
’”UT 1,84+
m,=e 2 =e

o, =(e” ~1)¢* and =/D, = 1,66s.

Let’s consider the effect of weather conditions.
Let us first analyze the data obtained under the
conditions of snow, but without icing phenomena.
As can be seen from the histogram in Pic. 3, this
distribution has a pronounced right-hand

Histogram (Spreadsheet1 10v*189c)

crossing during snowfall = 75+*1,2702*lognom(x; 1,8465; 0,1889)
35

asymmetry and can also be described by a
lognormal law.

Perhaps the only difference from normal
conditions is the growth of the minimum values of time
for crossing tracks from 2,01 to 4,36 seconds. In case
of insufficient visibility (data were recorded at the
crossing of the third category) a pattern of behavior
changes: pedestrians make a stop in accumulation
zone and, having made themselves sure that there is
no train, try to cross during minimum time.

The presence of ice affects increase in the
crossing time significantly stronger (Pic. 4).

Basically, this is reflected in increasing dispersion
of crossing time. If for normal conditions standard
deviationc,=1,66's, hereitisalready 1,85s. In general,
crossing of railway tracks by the walkway in the
presence of icing phenomena can be regarded as
extreme distribution of crossing time, and these data
should determine the guaranteed time of crossing.

Another example of crossing at an extreme
moment is the movement in oppressing conditions
when the width of walkway is only enough to move in
in single file in each direction. In this case, the slow
pace of some of pedestrians determines the rate of
motion of the entire column, and there is no
opportunity to overtake him without getting off the
walkway. A distinctive feature of this situation will be
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Table 1
Adjusted safety assessment

Distance to approaching | 200 300 400 500 600 800 1000

rolling stock, m

Speed range, km / h Probability of safety provision

20—40 km /h 0,97429 0,99995 0,999998 |1 1 1 1

40—60 km /h hazard 0,97429 0,99959 0,99993 0,999998 |1 1

60—80 km /h hazard hazard 0,97429 0,99884 0,999947 10,999998 |1

80—100 km/h hazard hazard hazard 0,97429 0,997829 10,999984 |1

100—160 km/ h hazard hazard hazard hazard hazard 0,97429 0,99884
unacceptable to take «pure crossing time», we 4. Pedestrian crossings over railway tracks. Technical

should take into account time for detection of a  requirements approved by the order of JSC Russian
dangerous object and time to make a decision. The ~ Railways dated 23.12.2009 Ne 2655r — as amended on
maximum value (with a confidence level of 0,99) of 02‘?9-2020 N9h1896r [Ifes}}eZoc?nhye II:?’Ehozy cherez
extra time at the crossing will be equal to 6,0 s. Iy ey R Chies K e Uopany

In view of the above agssump tiogs we obtain the utverzhdennye rasporjazheniem OAO «RZhD» ot 23.12.2009

. ) ) Ne 26551 — s i jjami, i 09.09.2010
adjusted safety assessment, given in Table 1. Aol 8965. § IzMmenenijaimt, vhesennymt

For each of these speed ranges regression 5. Zhukov, V. L., Volkov, A. V., Ptushkina, L. V.
equations were obtained to calculate safe Improving pedestrian crossing across railway tracks
approaching area for any given value of probability.  [Sovershenstvovanie peshehodnyh perehodov cherez
In table 1 we described with category «hazard» a  zheleznodorozhnye puti). Put’ i putevoe hozjajstvo, 2013,
situation where the probability of safety is below  Iss. 9, pp. 22-25.

0,95. On the whole, demonstrated estimates 6. Health and Safety: textbook in 2 parts. Part 2:
correlate well with the data of expert assessments, ~Occupational safety in rail transport [Bezopasnost’

This once again confirms the correctness of the zhiznedejatel’nosti: uchebnik v 2 ch. — Ch.2: Bezopasnost
truda na zheleznodorozhnom transporte|. Ponomarev, V. M.

choice of parameters of distribution of time for lef al]; ed. by V. M. Ponomarev, V. I. Zhukov. Moscow,
crossing railway tracks at a walkway. UMC’ZhDT, 2014, 607 p. ’ ’

Conclusion. The application of obtained 7. Systems of automation and remote control on
dependences concerns mainly justification of  railways of the world: educational guide [ Sistemy avtomatiki
requirements for signaling systems at pedestrian  itelemehaniki na zheleznyh dorogah mira: Ucheb. posobie]/
crossings of railway tracks [9, 11]. But the Transl. from English. Moscow, Intekst publ., 2010, 496 p.
experimental basis for the study has methodological 8. Traffic safety on railways: educational guide. In 2 p.

value, because the simplicity of decision-making P;:rlt 1: }?Zfety e;sen;}als [Bezf’l’”s;";: ’ dvi;h;nija na
always attracts practitioners. zheleznyh dorogah: Ucheb. posobie. V 2 ch. — Ch. 1: Osnovy

bezopasnosti]. Balalaev, S. V., Kologrivaya, I. E. Khabarovsk,
FESTU publ., 2013, 111 p.
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