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B xene3Hoa0pOXHOM gese

cyLecTByeT MHOXeCTBO OMNacCHbIX
Aectabunusunpyrowmnx pakropos. OgHa

N3 caMbix PpacrpoCcTPaHEHHbIX NPo6emM —
CTOJIKHOBEHUE Moe3Aa C 3aCTPSBLUNM

NN BblexaBLLUNM IO HEOCTOPOIXHOCTU
BOAUTEJIS1 Ha XXeJ1Ie3HOAOPOXXHbIN nepees3s
TPaHCMOPTHbLIM CPEACTBOM. B cTatbe
PpaccMoOTpeHbI Criocobbl MUHUMU3aLunN
noteps OT Takoro Buaa asapuu. Umu moryt
ObITb MOCTPOViIKAa TOHHEJIe! 1 NyTenpoBo40B
B MecTax rnepece4eHusi Xesie3Ho[0PO0XHOro
noJsIoTHa M aBTOMOOUIIbLHOW Joporu,
npumeHeHune 3D-na3epHoro pagapa

ANs npeaynpexXxaeHust IOKOMOTUBHOMN
Opuragbl o 3acTpsBLUEM TPaHCMIopPTe.
Kpome TOro, BO3MO>HO Ucrnosib3oBaHne
Beb6-kamep, N306paxxeHne ¢ KOTOPbIX Npu
nomoLu poytepa, ycTaHOBJIEHHOI O 3a

4-5 kM oT nepeesga, nepegaeTcs B KAOUHY
MaLUMHUCTa Ha OTAe IbHbIA AUCHNIe,
4TOObI 3apaHee yBuaeTh 3acTpsiBLIee
TPpaHCrNoOpPTHOE CPeACTBO U 6bI10

BpeMs NMpPUHSATb Mepbl MO 9KCTPEeHHOMY
TOPMOXXEHUIO.

Kno4eBbie cnoBa: 6epexinsoe npon3BoaCcTBo,
¢pakTopbl 6€30M1acCHOCTU, Xe/e3HOAOPOXHbIN
nepeesn, aBapuriHasi CUTyaLusi, 3pUTeIbHOE
Bocnpustue, 3D-na3epHoivi pagap, Be6-kamepa.
|

Kpacuxoe Hukoaaii FOpvesuu — acenm no npooasxcam
[1AO «Pocmenexom», Cankm-Ilemep6ype, Poccus.

orjlacHo onpeneneHuo Koamopumxk-
CKOTO CJIOBaps 1€JI0BOT0 aHIJIMIACKO-
ro s3bika [1], 6epexanBoe Mpous-
BOJICTBO — 9TO OM3HEC, OPUEHTUPOBAHHbBIN
Ha BBIMTYCK TOBApOB B OOJIbIINX 00BEMAX
U UCMOJIb3YIOIIUI METOIbl, KOTOPbIE n30e-
raloT MOSIBJI€HUS OTXOAOB U YMEHbIIAIOT
MOTpavYeHHOE Ha MPOU3BOACTBO BPEMSI.
HcuepnaeMocTh NPUPOAHBIX HENP, TJIO-
OaspHOE MOTeTJIeHUE, TPOJOBOIbCTBEHHbBI
KPU3UC MPUBOMIAT K YIOPOXKAHUIO MPOIYK-
1LIUU Y HEOOXOAMMOCTU 9KOHOMUU BCEX BU-
IoB pecypcoB [2]. [ToaToMy aKTyaJabHBIMU
cTanu pazpaboTKa U BHEAPEHUE pecypcocohe-
perarolux TeXHOJOrui, npuMeHeHue 3¢-
(beKTUBHBIX CTpaTeTHit MAPKETUHTA U LIEHO-
00pa3oBaHUs, MO3BOJSIONIMX CHUXATh 3a-
TpaThl HAa BCEX CTAAUSIX XXU3HEHHOTO LIMKJa
MPOAYKITNH.

AOMUHAHTA COKPALLEHU4A
NMOTEPb

LEAN-TexHOI0THST — «O€epeXXINBOE MPO-
M3BOJICTBO» (OT aHTII. lean — MOCTHBIN, 0e3
XKUpa, CTPOWHBIN; B pycCKOW Bepcuu lean —
JIUH, O0epexkInBOe) — JOTUCTUUYECKAsT KOH-
LEeTIIUsT MEHeIKMeHTa, choKycupoBaHHAs
Ha ONTUMU3alUY OU3HEC-MPOLECCOB C MaK-
CHMAaJIbHOI OpUeHTAIMeil Ha PHIHOK [2].
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Puc. 1. CronknoBeHne KamA3a n naccaxxupckoro noe3za Ha xese3Ho[opoxHom nepeesge B 2015 rogy
B Benropogckovi obnactu [4].

Wpaen GepexiImBOTo MPOU3BOACTBA ITPO-
HUCTEKaIOT U3 husocoduu CHUKEHUS 3aTparT,
ucrnoBeayeMoit Kopropanueit Toyota, cor-
JTACHO KOTOPOIi LIEHBI Ha MTPOIYKIINIO TIpeI-
MPUSITUS TUKTYIOT PBIHOK M TTOKYIIaTEeJH,
a 00beKTaMHU YIIPaBJICHUS CO CTOPOHBI
KOMITaHUM MOTYT OBITh TOJBKO Ce0eCTOM-
MOCTh MPOAYKIIMYU U IMPUOBLIB OT IMPOIax.
IIpu 3TOM B LIEHTpe BHUMAHUS OCTacTCS
COKpallleHe BHYTPEHHMX 3aTpaT Mpearpus-
THS.

Omnupasich Ha UIel0 COKpalleHus cebe-
CTOMMOCTH ITPOIYKIINH, HEOOXOIMMO BHAYA -
JIe YCTAaHOBUTH LIEHY, ITO KOTOPOI ITOKyITIaTe-
JIM COIJIaCHBI MMPUOOpeTaTh MpemaracMblit
TOBap, MOCJIe YeTO BbIUECTh U3 He€ cebecTo-
MMOCTh €r0 U3TOTOBJICHUS, YTOOBI OLIEHUTH
oXugaemMyro NMpuoOblab. OCHOBHON MyTh
K MaKCUMM3aIN TPUOBLIHA, TAKUM 00pa3oM,
3aKJII09aeTCSI B COKpAIIeHUM MOTEePh NP
M3TOTOBJICHUH TTPOILYKIIMH.

ITorepu B LEAN npuHsSTO Noapas3aesiTh
Ha ceMb OCHOBHBIX pa3HOBUAHOCTe [3]:

1) Ilepenpouszsodcmeo. DTO NU3TOTOBJICHUE
JINIITHETO KOJIWYECTBA MTPOAYKLIMU VUIH TIpe-
XKIeBpeMeHHOE €€ TTOSTBJICHUE J0 BOSHUKHO-
BEHUS pealbHOTO CIIpOCa.
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2) Oxcuodanue. JIroboe oxXumaHue — JIfO-
Jeii, JOKYMEHTOB, 000pyIOBaHUS UJIU UH-
dopmaruu.

2) Ypeszmepnasa obpabomka. JINIIHUMU
CUYUTAIOTCS TE ONEePAIIH, KOTOPBIE HE HYKHBI
MOTPEOUTENISIM, HE KeJTalolM Tieperiaam-
BaTh IEHBIY 3a UX BBITIOJTHEHNE.

3) H36b1mounvie 3anacel. XpaHeHUE TaKUX
3aIacoB TPeOyeT MOMOTHUTEIbHBIX TIIOIIA-
Ieif, OHM MOTYT OTPUIIATEJIbHO BIMSITH Ha
0e30IMacHOCTbh, 3aTPOMOXKIast MTPOXOIbI
W IIPOU3BOACTBEHHBIC TIIOIIAIN.

4) Jluwnue dsuxncenus. JIroboe IBUXKe-
HUe, He Tpebylolieecs s YCIEeITHOTo
BBITIOJTHEHUSI pacCMaTpUBaeMOIi oTiepalinm,
cTaHoBUTCS nmoTepeit. YacTo HeaphekTuB-
Hasi opraHu3alius TPydoBOTO Tpolecca
W HelpaBHJbHAS MJaHWPOBKa pabovymx
MECT CJTyXaT MIPUYNHAMU JIUITHUX JBVXKE -
HUM UCITIOJTHUTEIEH — XOIbObI, TOTSATHBA-
HUSI, HAKJIOHOB.

5) Ilomepu om degpekmoé uiu nepedenxu.
3aTpaThl Ha Mepees K1, TOBTOPHOE BBITION-
HeHMe oIlepalnii Mpyu 00HapyKeHNH AedeK-
TOB OTHOCSITCS K KaTeTOPUH MOTEPb, IO~
CKOJIbKY J1100ast paboTa cBepX HEOOXOAUMOI
SIBJISICTCSI JINIITHE .

Kpacwukos H. 0. TexHonornsa 6epexnineoro npon3eoACcTBa U MMHUMU3aL NS NOTEPb OT aBapum




Puc. 2. CtonkHoBeHue noe3aa u 1erkOBOro aBToMobusis Ha xes1e3HoA40POXHOM rnepee3ae B KiovioHre
(ABctpanus)) B 2014 rogy. @oto Bproca MagxuntoHa [5].

6) Tpancnopmuposxa. IlepeBo3ku Ha 6OJTb-
1IM€ PACCTOSIHUS UM CO3aHNE BPEMEHHBIX
MECT pa3MelIeHUs], XpaHeHUST U CKJIaTupoBa-
HWSI, JINIITHYE TIEPEMENIeHUSI C MeCTa Ha MECTO
MaTepuaioB, JItojieli, MHGopMauu WK 10-
KYMEHTOB — BCE 3TO BEZIeT K MOTepsiIM Bpeme-
HU Y SHEPTUHU.

AHANN3 CTOJIKHOBEHUW
HA NEPEE3AOAX

OHOI U3 Cepbe3HBIX ITOTEPD IS Kee3-
HOJOPOXKHBIX MPEANPUSTUI SBISIETCS IIPO-
CTOI1 ITOEe30B 13-3a OJJOKMPOBKU IBUXKEHUS,
BBI3BAHHON CTOJIKHOBEHHUEM COCTaBa
C TPAHCIIOPTHBIMU CPEACTBAMU, IO TEM WU
MHBIM IIPUYMHAM HAXOIMBIIMXCS Ha XKeJie3-
HOJOPOXKXHOM IIepee3/ie B MOMEHT IpuOIIK-
KeHMS moesaa (cM. puc. 1, 2).

J17151 TOJTHOM OCTaHOBKU I'PY30BOMY I10€-
31Ty, IBUTAIOIIEMYCS CO CKOPOCTHIO 88,5 KM/,
HeobOxonmMo He MeHee 1,61 kKuimomerpa
(mo manHbpIM HammonHanpHOTO coBeTa 0e3-
omacHoctu CIIIA). A 3ayacTyro nipssMasi BU-
JMMOCTb JI0 TIEpeCceYeHHsI XKeIe3HOA0POXKHO-
IO IIyTH OTCYTCTBYET, U MALUMHUCT IIPOCTO HE
yCIIeBaeT 3aTOPMO3UTh.

ITo manusiM A. A. ITnatosa [6], cymmap-
HOE KOJIMYECTBO ITOTEPh BpEMEHU Ha BOCCTa-
HoBleHue aBrxkeHus rmocie ATII Ha xxenes-
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HOIOPOXXHBIX Tlepee3nax B Poccum cocras-
ssuto ¢ 1994 o 2003 rox He meHee 100 yacos
(puc. 3). To ecTb TOTEPU BO BpEMEHU CHUXKA-
JIK BOBMOXHOCTb MCITOJIb30BaHUSI XKeJIe3HO-
JTOPOXKHOTO MYTU U MOJIYYSHMS MPUOBLIN.

B cooTBeTCTBMM C 5KOTOTMYECKIM ITOAXOIOM
K 3pUTETBHOMY BOCITPHSITIIO M3BECTHOTO YUEHO-
ro-skcrnepumenTtaropa Jx. [ubcona [7] Bo
BpEMSI ITACCHBHO €31TbI B TPAHCIIOPTE MBIIIICUYHO-
CYyCTaBHbIE OLLYILLEHMSI TTOJIOKEHUSI U IBUKEHUST
OTIEIbHBIX YacTell TeJla OTCYTCTBYIOT. EnuHCT-
BEHHO HaIEXHYI0 MH(POPMALIMIO O CMEIICHUN
IaioT 3pUTEIbHBIC OIIYIIEHHUs. DTO BEPHO
BOCOOEHHOCTH ceituac, KOTjia akTUBHO pPa3BUBa-
€TCSl TEXHOJIOTUST OECCTHIKOBOTO, «0apXaTHOTO
MyTW», U IBMXKEHME 1T0e31a CTAHOBUTCS] HEOObI-
yaifHO MIaBHBIM. [103TOMY €IMHCTBEHHBIM
HaJIEXHBIM UCTOYHUKOM WMHQOpPMALIUU IS
MAIIIMHICTA BBICTYIIAIOT TIOKA3aHMS IIPHOOPOB.

ITo nanusim J1. JI. [TerpoBuy [8], ycmen-
HOCTb «CJIOKHOT'0» CYUUTBIBAHUS TIPUOOPHOI
“HGbOPMaLMKU 3aBUCUT OT KOTHUTUBHO-CTH -
JIEBBIX XapaKTepUCTUK oriepaTopoB. boibiiast
BBIPAXKECHHOCTh ITOJICHE3aBUCUMOCTH COOT-
BETCTBYET 00Jiee BBLICOKMM Pe3yIbTaTUBHBIM
oKa3aTeJIsIM TaKOTO CYUTBIBAaHUS, a 0OJIb-
IIast BBIpaXkKeHHOCTb UMITYJIbCUBHOCTH — 00-
Jiee HU3KUM Pe3yJbTaTUBHBIM MOKa3aTeasIM
MPUOOPHBIX IITKAJI.
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Puc. 3. lNoka3atesnn notepb Bo BpemeHn ns-3a [Tl Ha xene3HOAO0POXHbIX Nepee3aax
B Poccum 3a nepuon 1994-2003 rogos [6].

[TosieHE3aBUCUMOCTDL XapaKTepu3yeT
CITOCOOHOCTD YeJIOBEKa HAXOAUTh MPOCTYIO
peJIeBaHTHYIO IeTajlb B CJIOKHOM TEPIICTITUB-
HoM ob6pa3ze. [TojieHe3aBUCHMBIE JIIOIM JIETKO
MPEOL0JIEBAIOT CaMbIii TPYIHBI KOHTEKCT.
ITonezaBucuMble, HANIPOTUB, C TPYAOM
CIIPABJISIIOTCS C 3amavyeid (MM HY>XXHO BpeMs,
YTOOBI YBUIETH JI€TaIb B CJIOXKHOM IIEJIOM).

MMy 1bCUBHOCTh U PeIEKTUBHOCTD
MPOSIBJISTIOTCS B JIIOJSX, KOTa TEM HaJl0 OCY-
ILIECTBUTD IMPABWIbHBIN BEIOOP U3 HEKOTOPO-
ro MHOXECTBA aJIkTepHaTUB. UMMy IbCUBHbBIE
MCIIBITYeMbIe CKJIOHHBI OBICTPO pearupoBaTh
Ha mpo0JieMy, ObICTPO MPUHKUMATh PellleHue
0e3 TwaTeJbHOTO aHalu3a cutyaluu. Ped-
JIEKTUBHBIE — XapaKTEePU3YIOTCs 3aMeUICH -
HBIM TEMIIOM pearupoBaHMsI, pelIeHHE
MPUHKUMAETCSI UMW Ha OCHOBE TIATEIbHOTO
obnymbIBaHuUs [9].

Cnocobbl NPEAOTBPALLEHUSA
ABAPUA

B cootBerctBuu ¢ npuHuunamMmu LEAN
pabOTHI IO MPEAOTBPAILICHUIO CTOJKHOBEHUMN
M0€3[I0B C TPAHCIIOPTHBIMU CPEACTBAMU KaK
J00aBISIONIME LIEHHOCTb 71 IOTPEOUTENS —
0€30IMaCHOCTh MEPEBO30K — MOJKHBI OBITh
pacIIMpPEeHbl, €CJIU XeJe3HOTOPOXKHbBIE KOM-
MaHUU XOTAT MOJIydyaTh NPUOBLIb, HE HECTU
UMUKEBBIX TOTEPD U ObITh KOHKYPEHTOCIIO-
COOHBIMU B OyayLIEM.

EcTb HECKOBKO MyTel KakK 3TO CleIaTh.

OnvH U3 HUX — TOCTPOKa TOHHEJIEH U ITy-
TEMPOBOIOB B MECTaX MEPECEUCHMUST KeJIe3HO-
JIOPOXKHOTO MOJTIOTHA M aBTOMOOWITBHOM TOPOTH.
OnHako, Kak nojiaraipT cnetuatuctel MHCTH-
TyTa MPO0JIEM €CTECTBEHHBIX MOHOTIOIUH, MO-
JIOOHBIIA TTYTEMPOBO MOXET CTOUTH OT OTHOTO
IO IBYX C TIOJIOBUHOIM MWJUTMAPIOB PyOJiei.
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Jpyroii BapyaHT — UCIOJb30BaTh U30-
operenue boiinxu Pamxapama u3z Muauu
(marent P® 2333860) — ycTpoiicTBO Ipeay-
npexaeHus: ctoikHoBeHut (YIIC) nas
MOe3/10B U TPAHCIIOPTHBIX CPEJCTB Ha Oa3e
MUKpPOIIpolieccopa ¢ paauornpuémMoriepenar-
YUKOM, pabOTaroIMM Ha 3aJaHHOM PaccTo-
SIHAM, HaTIpUMep — 2 KM, U UMEIOLIUM He-
3aBUCUMBI UCTOYHUK NUuTaHus. [Mpu
YCTaHOBKE Ha JOKOMOTHUBE, TOPMO3HOM
BaroHe, rnepeesuax, XKeJe3HOA0POXKHOMN U1
10001 MHOM CTaHLIMU YCTPOHCTBO aBTOMA-
TUYECKU TeHEPUPYET CUTHAIBI 1T UHULIM -
UPOBaHUS Pa3IUYHbIX Mep 0€30MacHOCTH.
Hanpumep, Takoit Mepoii MOXXeT ObITh BKJTIO-
YyeHHEe TOPMO3HOM CUCTEMbI IBUXKYLIETOCs
noesaa, YTOObl CHU3UTh €r0 CKOPOCTh 10
0e30macHOro npeaesa Uiy mNoJHOK OCTaHOB-
ku. I[Ipu 3TOM CTOJIKHOBEHUS TMpeaynpex-
naloTcs 0jaroaapsi BKJIIOYEHUIO CUPEH Ha
nepeesaax, Ha KOTOpble 00sI3aHbI OTpearu-
poBaTh BOIUTEIN aBTOTPAHCIIOPTA, a Malllv-
HUCT WY JeXYPHBIH MO nepee3ny MojyyarT
“HOOPMALMIO O MPUOIMXKAIOIIUXCS MOE3-
Jlax, UX MECTOHaXO0XIEHUU, CKOPOCTHU 1O
KaHajlaM CBSI3H.

Eiwi€ onuH MeTon nmpenynpexaeHus: aBa-
pUii — YCTAaHOBKA YCTPOWCTB 3arpaxkaeHust
nepeesaa (Y3I1), OJOKUPYIOLIMX TTPOE3KYIO
YacTbh MOJHSTUEM YCTaHOBJIEHHON Ha IIap-
HUpPax KPbILIKHU.

B fAnonun BocTouHOI Kele3HOI0pOXK-
Hoit kommaHuei [10] 6onee yem Ha 200 me-
peesnax npumeHsieTcst 3D-1a3epHblil ckaHep,
KOTOPBII CKaHUPYET KOHTPOJUPYEMOE MPO-
CTPAaHCTBO B BEPTUKAIbHON U TOPU3OHTATb-
HOI TJIOCKOCTSIX ABaXkabl B ceKyHay. OTpa-
KEHHBIN OT 00bEeKTa CUTHAJl 00pabaThiBaeT-
cs1 KaK HEKOTOpasi COBOKYIMHOCTb TOYEK,
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3aTeM TIpOTpaMMHBIM oOecTieueHueM Jea-
€TCsI BBIBOII O TOM, UTO 3Ta COBOKYITHOCTh
TOYEK — TPAHCIIOPTHOE CPEACTBO, HAXOMsI-
1meecs Ha XXeJIe3HOAOPOKHOM Iepeese.
Eciu B 3TOT MOMEHT npubJnxKaeTcs Mmoes/,
€ro MaIlIMHUCT TYT K€ MoJIyJaeT CUTHAJ Tpe-
BOTH.

B coBpeMeHHOM TSTOBOM MOIBMKHOM CO-
CTaBe MHOTHE IPOLIECCHI IO YITPaBIEHUIO Pabo-
TOM y3JI0B 1 arperaToB, MOIIEP>KaHUIO 3a1aBa-
€MOI MallTMHUCTOM CKOPOCTH JIBVMXKEHUS U €€
CHIDXKEHUIO BBIMIOJHSIOTCSI aBTOMAaTUYECKU.
ABTOMAaTH3alMsI PYTUHHBIX ONepanuil mo
YIPaBJIEHUIO BHICOKOCKOPOCTHBIM I10€310M
TTOBBIIIIAET O€30MTaCHOCTh IBVDKEHUST, TIO3TOMY
3a1aya o0JIerYeHNsT Tpy/Ia MaIlIMHUCTA C 3aMe-
IIEHWEM €To JIEHCTBUI aBTOMAaTUIECKUM WC-
TIOJTHEHUEM OCOOEHHO aKTyaJlbHa. XOTs, KOHEeU -
HO, Jiaxke MPU aBTOBeAeHUU oKojio 10 % mytu
MPOXOAUTCS TOE3I0M B PeXUME PYYHOTO
ynpasieHust [11], a 3HauuT, ocTaércst BocTpe6o-
BaHHBIM U TaKO METOI SJIMMUHUPOBAHUSI
TTOTEPh OT CTOJIKHOBEHMIA TIOE3/I0B C TPAHCIIOPT-
HBIMU CPEACTBaMU, KaK BeO-KaMepbl Ha Hanbo-
Jiee OKMBIEHHBIX XKeJIE3HOJOPOXHBIX Tepe-
e3nax.

Be6-kaMepbl 1OKHBI ObITh YCTOYUBBI K BU-
Opalmu, TOXKIII0, CHETY, BETpY 1 IPyruM Heba-
TOTIPUSATHBIM ITOTOIHBIM YCJIOBUSIM. KM300-
paxkeHue ¢ BeO-KaMephl IIpU TTOMOIITU poyTepa,
YCTAaHOBJIEHHOTO 3a 4—5 KM OT Tiepee3na, repe-
JlaeTcsl B KaOMHY MAIIMHMCTA Ha OTIACIbHBIIN
JTCTIIEN, YTOOBI OH 3apaHee BUJIEIT 3aCTpsIBIIICe
TPaHCIIOPTHOE CPEACTBO U MOT MPUHSATH MEPhI
110 3KCTPEHHOMY TOpMoOXeHMo. HarsanHoe
TIpeaCTaBIeHUEe U300pakKeHUsT ¢ OJIvKaIIero
Tiepee3aa Ha TUCTIIee B KauecTBEe CPeNcTBa MH-
hopMaIM JOKHO YIIPOCTUTD MPOIIECC CUMTHI-
BaHUSI 1 OBICTPOI KaTeropu3aliiy KOHTEHTA.

SAKJTHOYEHUE

B cootBerctBum ¢ mpuHuunamMmu LEAN
MOTEPU OT 33/IEPKEK B CJAETOBAHUU TOE3/I0B,
00YCJIOBJIECHHbIE CTOJTKHOBEHUSIMU C TPAHC-
TOPTHBIMU CPEICTBAMU Ha KeJIE3HOTOPOKHBIX
Tiepee3aax, JOJDKHBI OBITh YCTPAHEHBI C YYETOM
COKPAIIEHUSI COBOKYITHBIX TPOU3BOJICTBEHHBIX
3aTpaTr U MUHUMU3ALUU [TOTEPb.

Kaxoii tMeHHO 13 METONIOB 3A€Ch MPEIoY-
TUTEJIbHEE, 3aBUCUT OT COITYTCTBYIOIINX YCIIO-

Buii. [Ipobnema TpedyeT najbHeiiero uccmie-
JIOBAHMsI ¥ TTMJIOTHOTO TECTUPOBAHUST KAXKJIOTO
METOJa, & TAaKXe CPAaBHUTEJIBHOTO aHAJIN3a
B 3aBUCMMOCTH OT IJIOTHOCTH JIBUKEHMSI, KO-
HOMWYECKMX BO3MOXHOCTEH >KEJIE3HOIOPOXK-
HOI KOMITAaHUW U MPOYUX (haKTOPOB, OTHOCS -
muxcs K cdepe MpUMEHEeHMsT TEXHOJIOrUi Oe-
PEKIIMBOTO MPOU3BO/ICTBA.
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LEAN MANUFACTURING TECHNOLOGY AND MINIMIZATION OF LOSSES FROM

ACCIDENTS

Krasikov, Nickolay Y., PJSC Rostelecom, St. Petersburg, Russia.

ABSTRACT

In railway sector there are many dangerous
destabilizing factors. One of the most common
problems is collision of a train with a vehicle which is
stuck on or entered out of driver’s negligence into a
railway crossing. In the article methods of minimization
of losses from this type of accidents are considered.
They comprise construction of tunnels and overpasses

at the intersections of the railway and the road, use of
a 3D-laser radar to warn the locomotive crew about
the stuck transport. In addition, it is possible to use
web cameras, the image from which, using a router
installed within 4-5 km far from the crossing, is
transferred to the train driver’s cab on a separate
display in advance to see the stuck vehicle and to have
time to take emergency braking measures.

Keywords: lean manufacturing, safety factors, railway crossing, emergency situation, visual perception,

3D-laser radar, web camera.

Background. According to the definition of the
Cambridge Business English Dictionary [1], lean
manufacturing is a business focused on producing
goods in large volumes and using methods that avoid
the occurrence of waste and reduce the time spent
on production.

The exhaustion of natural resources, global
warming, the food crisis lead to a rise in the cost of
production and the need to save all types of resources
[2]. Therefore, development and implementation of
resource-saving technologies, use of effective
marketing and pricing strategies, which allow to
reduce costs at all stages of the product life cycle,
became topical.

Objective. The objective of the author is to
consider lean manufacturing technology and
minimization of losses from accidents.

Methods. The author uses general scientific
methods, economic assessment, psychological
theories, comparative analysis.

Results.

The loss reduction dominant

LEAN technology — «lean manufacturing» (from
English lean —without fat, slender) is a logistics
management concept focused on optimizing business
processes with maximum market orientation [2].

The ideas of lean manufacturing stem from the
Toyota cost reduction philosophy, according to which
the prices for the products of the enterprise are
dictated by the market and buyers, and the company’s
management objects can only be the cost of

production and the profit from sales. At the same time,
the focus is on reducing the company’s internal costs.

Based on the idea of reducing the cost of
production, it is necessary first to determine the price
for which buyers agree to purchase the proposed
product, and then subtract from it the cost of its
manufacturing to estimate the expected profit. The
main way to maximize profits, therefore, is to reduce
losses in the manufacture of products.

The losses in LEAN are generally divided into
seven main varieties [3]:

1) Overproduction. This is the production of
excess quantities of products or its premature
appearance before the emergence of real demand.

2) Expectation. Any expectation — people,
documents, equipment or information.

3) Excessive processing. Superfluous are those
operations that are not needed by consumers who do
not want to overpay money for their implementation.

4) Excessive reserves. Storage of such reserves
requires additional areas, they can adversely affect
safety, cluttering the aisles and production areas.

5) Superfluous movements. Any movement that
is not required for successful execution of the
operation in question becomes a loss. Often
ineffective organization of the work process and
incorrect layout of workplaces are the causes of
unnecessary movements of performers — walking,
reaching, bending.

6) Losses from defects, or reworking. The costs
of reworking, re-performing operations when defects

Pic. 1. Collision of KamAZ and the passenger train at the railway crossing in 2015 in Belgorod region [4].
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Pic. 2. Collision of a train
and a passenger car at
the railway crossing in
Kyuong (Australia) in
2014. Photo by Bruce
Magilton [5].

are detected, are classified as losses, since any work
beyond the necessary is superfluous.

7) Transportation. Transportation to distances
large, or creation of temporary places of
accommodation, storage, unnecessary movement of
materials, people, information or documents from
place to place - all this leads to time and energy
losses.

Analysis of collisions at crossings

One of the serious losses for railway enterprises
is idle hours of trains due to blocking of traffic caused
by the collision of the train with vehicles for one or
another reason located at the railway crossing when
the train approached (see Pic. 1, 2).

To stop, a freight train moving at a speed of 88,5
km/h requires notlessthan 1,61 kilometers(according
to the National Security Council of the United States).
And often there is no direct visibility to the intersection
of the railway track, and the train driver simply does
not have time to brake.

According to A. A. Platov [6], the total amount of
time lost for restoration of traffic after a road accident
at railway crossings in Russia was at least 100 hours
from 1994 to 2003 (Pic. 3). That s, the losses in time
reduced the possibility of using the railway track and
making a profit.

In accordance with the ecological approach to
visual perception of the known scientist-experimenter
J. Gibson [7] during passive driving in transport, the
musculo-articular sensations of the position and
movement of individual parts of the body are absent.
The only reliable information about displacement is
provided by visual sensations. This is especially true
now, when the technology of the seamless, «velvet
track» is actively developing and the movement of the
train becomes extraordinarily smooth. Therefore, the
only reliable source of information for the train driver
is the instrument’s readings.

According to D. L. Petrovich [8], the success of
the «complex» reading ofthe instrumental information
depends on the cognitive-style characteristics of the
operators. The high degree of field independence
corresponds to higher performance indicators of
such a reading, and the high degree of impulsivity
corresponds to the lower scores of instrument
scales.

Field independence characterizes a person’s
ability to find a simple relevant detail in a complex
perceptual image. Field independent people
overcome the most complex context easily. Field-
dependent persons, on the contrary, barely overcome
a complex task (they need time to see the detail in a
complex whole).
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Impulsivity and reflectivity appear when people
need to make a right choice from many alternatives.
Impulsive subjects tend to quickly respond to a
problem, quickly make a decision without a thorough
analysis of the situation. Reflective — are characterized
by a slow response rate, the decision is made by them
on the basis of careful consideration [9].

Ways to prevent accidents

In accordance with the principles of LEAN work to
prevent collisions of trains with vehicles as adding value
to the consumer — safety of transportation — should be
expanded if railway companies want to profit, not bear
image losses, and be competitive in the future.

There are several ways to do this.

One of them is construction of tunnels and
overpasses at the intersection of the railway tracks
and the road. However, according to the specialists
of the Institute of Natural Monopolies Problems such
an overpass can cost from one billion to even two and
a half billion rubles.

Another way is to use the invention of Boyji
Rajaram from India (RF patent 2333860) — a collision
avoidance device (CAD) for trains and similar
transport vehicles, based on a microprocessor with a
radio transceiver operating at a given distance, for
example 2 km, and having an independent power
source. When installed on a locomotive, braking car,
crossing, railway or any other station the device
automatically generates signals for initiating various
security measures. For example, such a measure can
be switching on of the braking system of a moving
train to reduce its speed to a safe limit, or a complete
stop of the train at a safe distance. At the same time,
the collisions are prevented by the switching on of
sirens at the crossings, to which drivers of road
transport shall react, and the train driver or the
crossing’s operator on duty get information about
approaching trains, their location, speed through
communication channels.

Another method of preventing collisions of
vehicles can be installation of crossing’s barrier
devices (CBD), which blocks the roadway by lifting
the hinged lid.

In Japan, on the East Japanese Railway Company
[10], a 3D-laser scanner is used on more than 200
level crossings, which scans the space above the
railway crossing in the vertical and horizontal plane
twice per second. The signal that is reflected from the
objectis processed as a certain set of points, then the
software makes a conclusion that this set of points is
a vehicle located at a railway crossing. If at this
moment the train is approaching, its driver receives
an alarm signal.
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In modern traction rolling stock, many processes
for controlling the operation of units and assemblies,
maintaining the speed of the engine set by the train
driver and reducing it are performed automatically. The
automation of routine operations to drive a high-speed
train increases the safety of traffic, so the task of
facilitating the work of a train driver with the replacement
of his actions by automatic execution, especially in
high-speed traffic, is still relevant. Although, even when
auto-driving, about 10 % of the path is traversed by a
train in the manual control mode [11], and it means
that such method of eliminating the losses from
collisions of trains with vehicles as web cameras on
especially busy railway crossings remains in demand.

Web cameras should be resistant to vibration,
rain, snow, wind and other unfavorable weather
conditions. The image from the web camera using a
router installed 4-5 km far from the crossing is
transferred to the driver’s cab on a separate display,
so that he sees the vehicle in advance and could take
emergency braking measures. Visual representation
of the image from the nearest crossing on the display
as a means of displaying information should simplify
the process of reading and quick categorization of the
image from the display.

Conclusion. In accordance with the principles of
LEAN, the losses from train delays caused by collisions
of trains with vehicles at railway crossings should be
eliminated taking into account aggregate costs and
minimization of waste.

Which of the methods is more preferable depends
on the particular conditions. This issue requires further
research and pilot testing of each method, as well as
comparative analysis depending on traffic density, the
economic possibilities of the railway company and
other factors, which relate to application of lean
manufacturing technologies.
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