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lNpuBoasTCs TeopeTndeckme npPeanoChiIKN BO3BEAEHVS
aBTOLOPOXHBIX yTENpPOBOAOB JIMGTOBOO TvNa A4J151 nepeceye-
HUS1 XKE1e3HOLOPOXHbIX [yTel aBTOMOOU/TbHBIM TPAHCIOPTOM.
lpensioxeHo TexHMYeckoe peLueHne, no3possioLLee obecre-
4Y1BATH IEpeceyeHNe 1erkoBbIMY aBTOMOOWIISIMU «[POBTIEMHBIX»
2KeJIe3HOLOPOXHbIX Nepee3aoB B riepuroab! X 40/TTOBPEeMEeHHO-
ro 3aKpbITVs 4151 ABVXKEHUSI aBBTOMOOW/IbHOrO TpaHcnopTa. 910
XKe peLueHne Moxet ObITb MCMOIb30BAHO 4151 opraHn3aumnn
aBTOLIOPOXHOIO ryTenpoBoAa B HEOOX0ANMbIX MecTax, rae
Ke/Ie3HOAOPOXHbIV repeess oTCyTCcTByeT. CaMo TeXHUYeckoe
peLLeHne 0OCHOBaHO Ha VCMOIb30BaHUN HaA3EMHbIX aBTOLO-
POXHbIX MyTENPOBOAOB U SIBISETCS «00neryéHHOM» Konver
peLLEeHVs], peanan3oBaHHOro VinoHom Mackom v ero komnaHweri
BJloc-AHmxenece Ha OCHOBE TOHHEJS, ABVXKYLLMXCS aaTr¢hopm
1 rpy30Bbix@TOB. [Npy paspaboTke aBTOAOPOXHbIX MyTernpo-

BOZIOB JIMPTOBOro TUMa MNCMObL3YIOTCS] PACYETHbIE METOLbI
TeopemquKoﬁ MEeXaHuKu, TEXHUYECKOM, ANarHOCTUKU Y MOHU-
TOPUIHIa, a Takxke Teopuy MacCoBOro 0OC/YXNBaHVIS /151 OLIeH-
K1 KOJIMYECTBa MporiycKaeMblx aBTOMOOUIEN rpy 3aKkpbITvn
riepee30B. [pe1oxeHo camMu KOHCTPYKLMN HAA3EMHOIO r1y-
TenpoBoaa «BCTpanBaTk» B1aHALLagdT, 060pyA0BaTh a/lbTePHA-
TUBHBIMU VCTOYHUKAMU DHEProCHaOXEeHUsT N TEXHNYECKUMU
cpeacTeamMy KOHTPOJIS, ANarHOCTUPOBaHUS M MOHUTOPUHIa
10BVXKHOIO XXes1e3HOLA0POXHOro CocTaBa M Mecta Herocpes-
CTBEHHOIO repeceyeHys aBTOMOBWIIbHON 1 Xese3HO [opor
(opraH130BbIBaTb 30HY VHTEJIIEKTYa/IbHOrO MOHUTOPUHIa).
lNpennoxeHHoe NepcrnekTMBHOE TEXHNYECKOE PELLEHNE B BUAE
aBTOZOPOXHOIo MyTernpoBoAa MO3BOJISIET MOBLICUTE KOMPOP-
TabesIbHOCTb aBTOMOOUIIbHBIX MePEBO30K M 6E30MacHOCTb
/ABVDKEHWS Ha nepeesnax.
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BBEOAEHUE

MecTa nepeceyeHMss aBTOMOOUIbHBIX
M XEJIE3HBIX TOPOr B OJHOM YPOBHE, WU
JKeJIe3HOIOPOXKHbIE nepee3abl [ 1], mo cratuc-
THKE SIBJISIOTCS CAMBIMU 4aCTBIMU MeCTaMU
BO3HUMKHOBEHUS HAPYIIECHUIA B paboTe XeJie3-
HOJOPOXHOM TPAHCIOPTHOI CUCTEMBI. DTU
JIaHHbIC aKTyaJbHBI JIJIsI BCETO MUpa, a He
TOJIBKO JIJIS OTHAEIbHO B3SITOM CTpaHbl WU
peruona [2; 3]. B ogHoit Toabko Bennkoopu-
TaHUM Ha TEPPUTOPUM ILTOIIAAbIO0 243 809 KMm?
COCPEIOTOYEHO OKOJIO 6 ThIC. 3KeJIE3HOIOPOXK-
HBIX TIepee310B (IPUMEPHO OJMH Iepee3] Ha
40 xm?) [4], a B ctpanax EC pacnoyioxxeHo
cBoie 100 Toic. TIepee3noB [3], cpeau KOoTo-
PBIX 0K0JIO 49 % SIBIISIIOTCSI HEOXPAHSIEMBIMU.
XKene3zHomopoxHbie mepee3abl sIBISIOTCS
MeCTaMM ITOBBIIIIEHHOI0 pycKa i 6e3o1mac-
HOCTHU KaK I10JIb30BaTejieii aBTOMOOMIIbHBIX,
TaK U XKeJIE3HBIX JJOPOT.

ITpuyrHbI HapyILIEHMIT Ha XKeIe3HOTOPOXK-
HbIX Ilepee3aax KpaiiHe pa3Ho00pa3Hbl, OfHAa -
KO BCE€ OHU MOTYT OBITh CBEJICHbI K OIIIMOKaM
B paboTe 4YeJOBEKO-MalllMHHOMW CHUCTEMBbI:
JICICTBMSI BOAMTEIEH aBTOMOOMILHOIO TPAHC-
IOpTa MOT'YT OBITh CIIPOBOLIMPOBAHbBI HEIpa-
BUJIbHO MOHMMAaeMbIMKM UMU IE€HCTBUSIMU
JKEJIC3HOIOPOKHOIO TPAHCIIOPTa B PeKMMeE
OXMIIAHUSI pa3pelleHus Ha MpocjieioBaHue
yepe3 repeesl, YTO MPUBOAUT K AOMYIICHUIO
VMU HapyIICHUM TIPaBUII JOPOXHOTO IBHKE -
HUs1. B 9TOT MOMEHT OHU U CTAHOBSITCSI UC-
TOYHMKAMU OITACHOTO BJIMSIHUS Ha XEJIe3HO-
JIOPOXKHYIO CUCTEMY.

Hapy1ieHust BO3HUKAIOT 4acTO M3-3a TOTO,
YTO Iepees JIst ABMKEHUSI aBTOTPaHCIIOPTa
3aKpbIBAETCS 3a0JIarOBPEMEHHO M OTKPbIBa-
€TCsI TaKxKe He MoMeHTajbHo. [Ipu atom
B 3aBUCUMOCTU OT KaTeTOPUH XKeJIe3HOIOPOXK-
HOI JIMHUHU, IIyTeBOTO Pa3BUTUSI U MaKCH-
MaJIbHBIX JIOITYCTUMBIX CKOPOCTEI ITepeMelLie -
HUSI TI0€3/I0B BPEeMsI OXKUIaHUS MOXET CYIIE-
CTBEHHO BapbupoBaThcs. YacTo mnepeesabl
MOTYT HaXOIUThCS B 30HAX CJOXKUBIICHCS
ropoaCcKOi MH(MPACTPYKTYPhI U BbI3HIBATH
BECOMBIE IEepephbIBbI B IBMXKeHUM. Tak, me-
YaJIbHO M3BECTeH Iepees Ha JMHUU CaHKT-
ITeTepOypr—MockBa, rie KypcupyloT CKO-
poctHbie Toe3aa «Carncan», B I. KoanuHo
(Cankr-ITeTepOypr), KOTOpbIil 3aKpbIBaeTCS
3a 20 MUH 10 MPOCJIeAOBaHUS MOe3[a U OT-
KpbIBaeTCcs TOJbKO crycTd 20 muH. Ecin
yuecTb, 4To st «CarncaHa» YCTaHOBJICHO
TaKTOBOE JIBVKEHUE, TO TIEPEPBIBHI ISl IIPO-
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cJIeToBaHMSI TIepee3/ia CTaHOBSTCS OJTM3KUMU
K nosydacy [5]. [TonaB B nmpoOKy, BOAUTEb
CTaHOBUTCS 3aJIO)KHUKOM CUTYAllUd U BbI-
HY>KJIEH TEPSITh BpEMsI, @ TAKXKE CTAOMITLHOCTD
TICUXOJOTUYECKOTO COCTOSTHUS, UTO, HECO-
MHEHHO, OKa3bIBaeT M BIMSHME Ha TPaHC-
TTOPTHYIO CUCTEMY.

J17151 30H B3aMOJIEVICTBYSI aBTOMOOMIIBHO-
TO U 3KeJIE3HOIOPOKHOTO TPAHCIIOPTA, MOA00-
HBIX OTIMCAaHHBIM B TIPUMEpPE, HAMJIYUIINUM
C TIO3UIINU ¥ HAJIEKHOCTH, U OE30TIaCHOCTH,
1 CKOPOCTH TIPOCIIEIOBAHUS SIBJISIETCSI CTPOM -
TEJTLCTBO MHOTOYPOBHEBBIX Pa3Bsi3oK. OmxHa-
KO y TaKOTO PEIIeHUsT €CTh JBa CYIIECTBEH-
HBIX, JaXe OMpeaeIsIolnX, HeloCTaTKa.
[MepBhIii 3aKkT09aeTcsI B 9KOHOMUYECKUX
acriekTax M B OOJIBIIIMX 3aTpaTax Ha CTPOM-
TEJIbCTBO MHOTOYPOBHEBBIX pa3Bsi3oK. Bropoii
CBSI3aH C OCOOEHHOCTSIMU TPagOCTPOCHUS
U C TeM, YTO B psijie palilOHOB CO CJIOXMBIIIEH-
cs1 UHGPACTPYKTYPOI ITOPOIl YMCTO TEXHUYE-
CKU CTPOUTEILCTBO MHOTOYPOBHEBBIX Pa3Bsi-
30K CTAaHOBUTCS Hellesecooopas3HbiM. Crieny-
€T OTMETUTb, YTO MO JaHHBIM [3], OCHOBHBIMU
HampaBJeHUSIMUA Pa3BUTUS B 00JacTu 06e3-
OTAaCHOCTH JIBWKEHUST Ha ITepee3iax sSBJsIeTcs
MMOBBIIIEHUE YKMCIa TEXHUUECKUX CPENCTB
aBTOMAaTU3alluu YIIPaBJICHUS Tepee3aoM,
OJIHAKO YIYIIEHBI BO3MOXHOCTHA COBPEMEH-
HBIX MHGOPMALMOHHBIX crucTeM [6—8].

OQHUM U3 pelIeHui Mo ONMTUMU3ALINT
JIBVDKEHUST Ha Tlepeesnax sIBJIsIeTCsl MHTerpa-
LIWST TAHHBIX OT KeJIE3HOMIOPOXHBIX CHCTEM
OpraHu3aluy W yIpaBIeHUs ABUXKEHUEM,
a TaKKe aBTOMATUKK U TeJIEMEXaHUKHU B MO-
OWJIbHBIE HaBUTAIIMOHHBIE CUCTEMBI U TIO-
CTPOEHWE MapIIPYTOB TSI IBMKEHUST aBTOMO-
OWJIBHOTO TPAHCIIOPTA C YYETOM ITPOTHO3HOTO
BPEMEHU 3aKPBHITUSI U OTKPBITHUS TTepee3noB
[9; 10]. TIpu HEBO3MOXKXHOCTU MOJYYEeHUS
JIAHHBIX OT XKEJIE3HOIOPOXHOM TPAHCTIOPTHOMN
CHUCTEMBI €CTh BADUAHT peain3aliii CUCTEMbI
IPOTHO3UPOBAHUSI C COOCTBEHHBIMU JaTYM-
KaMU, yCTaHaBJIMBaeMbIMM BOJIM3U TIepee3/ia.
Takoe pelieHre TTO3BOJISIET TaBaTh YIaCTHU -
KaM JIBVDKEHUSI, KaK BOJIUTENISIM aBTOTPAHC-
rmopra, Tak ¥ MallMHUCTaM JJOKOMOTHUBOB,
IIPOTHO3 COCTOSIHUS Tepee3a U MPOrHo3
pa3MepoB ABUXKEHUS U IBWKEHUST KaK TaKO-
BOTO B 30HE TepeceyeHUs] aBTOMOOMJIbHOM
U XeJIe3HOU MOPOT. DTOT MPOTHO3 caM Mo
cebe sIBsIeTCS LieHHeleil nHdopmanuein
111 obecriedeHrs: 0€30MacHOCTU TIBUKEHUS:
YUCJIO CJIy4yaeB aBapuii U KPYLLIEHU A TapaHTU -
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POBAaHHO COKPATUTCS, TaK KaK YYaCTHUKHU
NBVDKEHUST MoIydaT UH(pOPMaLUIO «O OJu-
JKaiileM OyaylleM» U BhIOEpPYT JOIYCTUMBIE
JIEUCTBUS.

Emé ogHuM 1epcrieKTUBHBIM BApUaHTOM
OpraHM3alluM IBVDKEHUS Ha Iepeesnax SBIis-
€TCST UCITOJIb30BaHUE CITEIIMATN3UPOBAHHBIX
IPY30BBIX JIM(MTOB M HAI3€MHBIX aBTOIOPOXK-
HBIX ITyTENPOBOMIOB, MpeaHa3HAYeHHBIX IS
MPOCJIEIOBAHNST aBTOMOOWIBHBIM TPAHCITOP-
TOM MecCTa TepeceuyeHMsT aBTOMOOUIbHOM
u xKeye3Hoit gopor. [TogoOHbIe aBTOMOOUIIb-
HbIE€ MYTEMPOBOIBI JM(MTOBOTO TUITA MOTYT
yCTaHABJIMBATHCS HE TOJBKO B HEMOCPE -
CTBEHHOI OJM30CTU K Tepee3maM, HO
1 BCTPAMBAThCS B CYILIECTBYIOIILYIO TOPOICKYIO
UH@PACTPYKTypy C YYETOM HauboJiee Hampsi-
JKEHHBIX YYaCTKOB JIJIST IBUXKEHUsI. ABTOMO-
OuMCT OyAeT UMETh BBIOOD MIJIS1 MCITOJIb30Ba-
HMSI TaHHOTO 00BeKTa TPAaHCITOPTHOM MH(bpa-
CTPYKTYPbI (IT0J00HO HAJTMUUIO AJIETEPHATUBbI
B IBVDKEHUMU B KPYITHBIX TOPOJIaX: 1o OecruiaT-
HBIM U IUIaTHBIM Joporam). I1pu pazpabotke
KOHCTPYKIIMU TPeOYeTCsT yYUTHIBATh METO/IbI
TEOPETUIECKOI MEXaHUKH JIJIsI BBLIOOpA MOIIT -
HOCTEl nIBUTaTeseil IS ToIbEMa aBTOMOOM -
JIeli Ha OTTpeIeIEHHYIO BBICOTY, a TAKXKE METO-
JIBI TEOPUU MAacCCOBOTO OOCITYy>KMBAaHUSI JJIst
OILIEHKH KOJIMYECTBA IMPOITYCKaeMbIX aBTOMO-
Owteil Ipu 3aKPHITUY TTepee3aoB. DTO, OIHA-
KO, IOTpeOyeT MOIETMPOBAaHUS paOOTHI ITyTe-
TPOBOIA B PA3TMYHBIX IOPOXKHBIX CLIEHAPUSIX.

Takoe MHHOBAIIMOHHOE pellieHre TPeOyeT
JTOTIOJTHUTEJILHOTO U3Yy4eHUs M aHaJTn3a.

Ileabio OTIMCHIBAEMOTO B CTaThe UCCIIENO0-
BaHUs SIBJIIETCS M3YyYeHUE OCOOCHHOCTEH
00yCcTpolicTBa aBTOMOOWIBHBIX ITyTEITPOBOIOB
C Y4€TOM TIPUMEHUMBIX MHHOBALIMI U TIep-
CTIEKTUB MX MaccoBOTO BHeapeHwus. [1pu
TPOBEIEHUU MCCIIE0BAHUS UCTIOIb30BaTNCh
Memo0dbl TEOPETUIECKON MEXaHUKU, TEXHUYE-
CKO¥ TMarHOCTUKY M MOHUTOPWHTA, a TAaKXKe
TEOPUU MaCCOBOTO OOCTYKMBAHUSI JIJIST OTICH -
KU KOJIMYECTBA MPOITyCKaeMbIX aBTOMOOUIIE I
TIpY 3aKPBITUM TIepee3noB. PesynsraToM sB-
JisieTcs pa3paboTaHHOE MHHOBAIIMOHHOE pe-
IIEHUE JIJIST TIepecedyeHrsl XKeJe3HbIX JO0POT,
OCHOBaHHOE Ha MCITOTb30BaHU Y aBTOIOPOXK-
HBIX TTyTETIPOBOJIOB JIM(TOBOTO THUTIA.

Crieyer oOpaTuTh BHUMaHWE Ha TO, YTO
AQHaJIOTOM TaKOTO PEIIEHUSI MOXKET CUUTAThCS
n3zobpeteHue The Boring Company MioHa
Macka, BHenpéHHoe B Jloc-AHmxeece, riue
TakXe MCIOJIb3YIOTCS TPY30BbIe JTUMTHI, HO
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JIOCTABJISTIOT OHU aBTOMOOYUIM Ha CIICIINATb-
HbIe IBWKYIIHECS TIaThOpPMbI IO 3eMIIIO,
a IBM>KEHUE OCYILECTBISIETCS 0 TOHHe o [11;
12]. Takoe pelieHue, oJHAKO, OKa3bIBaeTCs
BeChMa JIOPOrOCTOSIIIUM, B OTIMYKE OT IIPEI-
JlaraeéMoro aBTOpaMu.

HAASEMHbBIE NYTENPOBOADbI ANA
ABTOMOBWJIbHOIO TPAHCINOPTA

ABTOIOPOXHBIN MyTeNPOBOJ, TU(GTOBOTO
THUIIa MOXET IIPEACTaBIISITh COOOM CTICIINAIb-
HYI0O KOHCTPYKIIMIO, COBMEIIAIOIIYI0 B ceOe
HaI3eMHBIH IyTeTIPOBO. M KOHCTPYKIINH TSI
BEPTUKAJIIBHOTO MTOIbEMA Ha HETO IO 000MM
KOHIIaM C UCTIOTb30BaHNEM TPYy30BOTO JINdTa.

Bo3sBeneHue npencraBieHHONW KOHCTPYK-
LIMY He TpeOyeT U3MEHEH U 3aCTPOIKY B paii-
OHE TepeceYeHUs] aBTOMOOMIbHOI U Keje3-
HOI1 TOPOT, a TaK¥Ke CTPOUTEIbCTBA [OIXOI0B,
YTO KpaliHe aKTyaJIbHO B YCJIIOBUSIX CJIOXMB-
IIEHCs 3aCTPOMKM U HE BJIMSIET HA apXUTEK-
TYpPHBI# O0JIMK TOpOa.

B xauecTBe ycTpOMCTB JOCTaBKU aBTOMO-
OIS Ha TTyTEITPOBOJ MOKHO MPUMEHSTH CIIe-
UaIbHBIE TOIBEMHUKHU WITA TUQTHI, ITUPOKO
HCTIONTb3yeMbIe B KPYITHEHIITIX TOPOJIaX BCETO
mupa. Bo MHOrux ropogax Bce CUJIbHEE OIILy-
111aeTCs1 HeXBaTKa CBOOOIHOTO MPOCTPAHCTBA,
U pa3MellleHrMe aBTOMOOWJIe Mo 3eMIei
C ITOMOIIIbIO TOABEMHOTO MEXaHU3Ma He Hapy-
IIaeT OKPYKAIIIYI0 apXUTEKTypy. ABTOMO-
OmJIbHbBIE JTU(TH HAIJIM CBOE TIpUMEHEHUE
¥ B TOPTOBBIX IICHTPAX C TApKOBKaMU Ha KPbI-
1IIe, a B XKIWIBIX IOMaX — B ITOIBAJIC.

ABTOMOOWMIBHBIN MOOBEMHUK (pHcC. 1)
MPEACTaBIIsIET COO0I KOHCTPYKIIUIO, COCTOSI -
IIYI0 U3 OTIOPHOW CHCTEeMBI M MeXaHM3Ma
npuBoga. PaboTa yctpolicTBa MpOUCXOIUT
cJieayoM 00pa3oM. ABTOMOOUIIb 3a€3KaeT
Ha TUIOIIAJKY, JaTYMKU rabapuTa (OHU Haxo-
ISTCS Ha KOHIIAX Orpakaaloliux Mepu)
CUNTBIBAIOT MTPAaBUJILHOE MTOJIO0KEHUE aBTOMO-
OuJIsI, 1 OTIOPHAs CUCTeMa MPUXOIUT B IBU-
JKeHUe, TTOAHNMAast aBTOMOOWITb Ha HEOOXOI M -
MYIO BEICOTY.

Y HOXHWYHBIX MOABEMHUKOB (puc. la)
IBVDKEHUE TIAT(POPMBI TIPOUCXOIUT C TIOMO-
IIBIO PHIYATOB, HAXOASIINXCS IO HEl 1 pac-
MOJIOXXEHHBIX MO TUIY HOXHUILL. Bo3meii-
CTBYIOLIME Ha pblYary HWJIMHAPHI 3aCTABJISIOT
MX pacKIaablBaThCsl, YTO TTO3BOJISIET MOAHSITh
aTopmy BBEPX.

MuHycoM MCIOIb30BaHUST HOKHUYHBIX
MOIBEMHUKOB SIBJISIETCSI OTCYTCTBHE CTEHOK

Edanos [l. B., MauuH B. H., Ocapuuin I. B. ABTOA0pOXHbIE NYTENpoBOAbl TINGTOBOro Tuna
A nepece4YyeHuns Xene3HOAO0POXHbIX NyTeln B YCNOBUSX MNJIOTHOW 3aCTPOMNKN COBPEMEHHBIX FrOPOAOB
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Puc. 1. BapunaHT nogbEMHbIX YCTPOWCTB: a) HOXHUYHbIN aBTOMOOWU/IbHbIN NOAbEMHUK; 6) KOJIOHHbIA
aBTOMOGU/IbHBIV NOABLEMHUK; B) aBTOMOOGUIbHBIA INGT [MoaroTossieH aBTopamu].

y ux miatgopmel. To ecTh BBIIEAIINX (CIIy-
YaiiHO WJIY TIpeIHaMEpPeHHO) IaccakKnupoB,
KaK ¥ CaMOT0 BOIMTEJIsS, HUYETO HE 3alllnIIa-
€T OT MaACeHUs WU TTOJYICHMS TpaBM Ha Ta-
KoM nmogbeMHUKe. Kpome Toro, yctaHoBKa He
CIBUHETCS C MECTa, €CJTM MallliHA Ha IUTOIIaI -
Ky 3aexalia HelpaBUJIbHO. DTO MPUBEIET
K IOTIOJTHUTEJIbHBIM TIepeMeIIeHUSIM (MaHEeB-
pUPOBAHNIO) aBTOMOOMJISI Ha TIJIOMIAIKE
TMOIBEMHUKA, YTO YBEJIMUUT BpeMsI 3aHSITOCTH
MOIBEMHMKA U TIEPECEUSHMS JKeJIe3HOTOPOXK-
HOM IMHUM. DTY KOHCTPYKIIMIO CIIOKHO OyIeT
peanm3oBaTh, TaK KaK OHA He CIIOCOOHA BBI-
JIepXaTh MOABEM aBTOMOOUIIST Oojiee TPEX
TOHH Ha BBICOTY CEMM METPOB (UTO HEOOXO-
JIMMO TI0 YCJIOBUSIM MPUOIVKEHUSI rabapuTOB
CTPOCHUS).

BapuanTt nombéMHUKa Ha puc. 16 mpea-
CTaBISIeT CO00M KOHCTPYKIIMIO M3 OBYX
(110 omHOIi ¢ GOPTOB aBTOMOOWIIST) WJTH YEThI-
péx (1mo aBe ¢ 6OPTOB aBTOMOOMIISI) KOJIOHH-
HaIIPaBJISIONINX, PACIIONIOXKEHHBIX TEPITeH-
IuKylIsapHo niaatrgopme. B aTtom ciyuae
NOABbEM TIPOUCXOIUT 32 CUET TMAPOLIMIMH-
npoB. OHM TIepeMeIaoT KapeTKH, TTIPUKPEIT-
JIEHHBIE K MiaaTdopMe, Mo creuralbHO’
CHCTEME, B KOTOPYIO BXOIST TSTOBBIC LIETIA
¥ TIOJINCITACTHBIC MeXaHU3MBI. CTaHIaAPTHBIM
3HAYCHHUEM BBICOTHI, Ha KOTOPYIO MOXHO
MOJIHIThL aBTOMOOMIb, sABIsieTcst 7 M. Ho,
K COXaJCHMIO, BCE OCTAIbHBIE MUHYCHI TIep-
BOTO BapWaHTa MOABEMHMKA (CM. puc. la)
OCTAIOTCSI U 371ECh.

HawnbGoiiee coBeplieHHBIM BapuaHTOM,
JUIIEHHBIM 0003HAYeHHBIX HEIOCTATKOB,
SIBJISICTCST aBTOMOOMIIBHBIN TUDT (puc. 1B) —
TOT e TPY30BOil NPT, CITOCOOHBIN MOTHU-
MaThb Ha HEOOXOIMMYIO BBICOTY Tpy3, Macca

® MWP TPAHCIOPTA, Tom 18, N2 5, C. 90—108 (2020)

KOTOPOTO He T0JIKHA OBITh 00Jibiie 3,5 T. [Tpu
JaHHOM BapHMaHTe MOAbEMHMKA HE HYXHO
CJIeIUTD 3a cpabaThIBaHMEM JAATYMKOB U Iie-
pecTaBiIsiTh TPAHCIIOPT B «0oJiee yImoOHOe»
rnojoxeHue. B atom ciaydae, mpu 3aesjie aB-
TOMOOMJIS B KaOMHY 11U(Ta, MOIbEM HAUMHA -
eTCsl cpa3y Ke IO0CJie MOJHOrOo 3aKPbITUS
JIBEpEit.

JlnzaiiH myTenpoBoAa MOXET ObITh amari-
TUPOBaH K JIaHAIIADTY 1 JIETKO BIIMCAH B He-
ro (puc. 2, 3), a IIyTenpoBOJ MOXET UCITOJI-
HSTBCSI KaK C OJHUM TOHHEJIEM JUIS JBIKE-
HUSI, TaK U C IBYMSI TOHHEJISIMU (OHM MOLYT
OBITh PACIIOJIOXEHbI KaK IapajlleJbHO, TaK
U IPYT HaJl IPYTOM).

ILlenecoobpa3HoO MCITOJIL30BaTh TaKOM
«Iepee3aHblil» JTU(T KaK UHXEHEPHOE CO-
OpyKeHHeE, MPeI0CTaBISIONIEee «IOMOJTHM-
TEJIbHYIO YCJIYIy» I aBTOMOOUIBHOTO
TpaHCIOPTa, a He KaK OObIYHOE CPEACTBO
rnepeceyeHus xkejne3Hoii goporu. Ha moaxo-
Jnax K JUGTy ycTaHABIMBAIOTCS 30HbI KOHT-
posisi, paboTaoliMe B aBTOMaTUYECKOM pe-
XKuMe (1o TUITY paOdOThI 30H ITOAXOAa aBTO-
MOOMJILHOIO TPAHCIIOPTa B a3POMNOpTax UIn
o Tumy paboThl 30H OILIATHI IIpOe3aa Ha
BbI/IEJICHHBIX BBICOKOCKOPOCTHBIX MAarCTpa-
qs1x). [Ilpu 3TOM BO3MOXHA OpraHU3aluUs
BJIEKTPOHHOIM 04Yepean Ha TUMT ¢ pa3andHbI-
MM IIPUOPUTETAMU, HAIIPUMED, B IIPOCIIEI0-
BaHWM MalllMH CKOPO¥ MOMOIINA. YIOOHO
U IIPOCTO HEOOXOAMMO B CBSI3M C TOTAIbHbBIM
HCII0JIb30BAHUEM MOOWIbHBIX ITPUIOKEHUI
pa3pabaTbIBaTh U BHEAPSATH MOOMJIBHBIE TTPU -
JIOXKEHMSI /IS TOBBIILIEHUs] KoMbopTadeb-
HOCTHU KCIIOJIb30BaHUS MPEIOCTABISIEMOIO
cepBuca, 3a0J1arOBpeMEHHOTIO ILIAaHUPOBa-
HUS U ONITUMU3ALUM IBUXKEHUS.

Edanos [1. B., MauuH B. H., Ocapguui I. B. ABTOA0pPOXHbIE NyTENnpoBoAbl IMGTOBOro Tuna
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Puc. 2. BapnaHT pacrosioxeHus nyTenposoAa ¢ 30HOV O4HOCTOPOHHEro Nnpocsie40BaHns (Bua n3 KabuHol
aBToMOGMNA) [MOAroTOB/IeH aBTopamu].

Puc. 3. BapuaHT pacrnosioxeHusi nyTenposoaa ¢ 30HON 04HOCTOPOHHEro npocseaoBaHus (BUA C BbICOTbI
nTuYbero noséta) [MoaroToBsieH aBTopamuj.

CUEHAPUUN OBPASOBAHUA
OYEPEJEN Y NYTENPOBOOA
B HEMOCPELOCTBEHHOM BJIN3OCTU
K MEPEE3QY

PabGoTa Ham3eMHOTO TTyTEIpOBOAA C OMHUM
U C IBYMSI TOHHEJISIMU OTIPEAEIISICTCST OCOOEH -
HOCTSIMH 00pa30BaHUsI aBTOMOOMJIBHBIX TT0-
TOKOB, 3aMHTEPECOBAHHBIX B €0 MCITOIb30-
BaHWM, ITO0 OOEUM CTOPOHAM ITyTeIIPOBOIA CO
CTOPOHBI aBTOMOOWMIIBHOI foporu. PakTude-
CKM TIpejiaraeMoe TeXHUUeCKOe pelleHUe
SBJISIETCST TMOO OJHOKAHAILHOM, TNOO JBYX-

® MWP TPAHCIMOPTA, Tom 18, N2 5, C. 90—108 (2020)

KaHaJIbHOW CUCTEMON MAacCOBOTO OOCITYXM-
Banus (CMO) [13; 14].

IIpu o6oux BapmaHTaxXx OopraHu3aluu
HaJ3eMHOTO MyTeNPOBO/iA ISl aBTOMOOUIb-
HOTO TpaHCIOPTa OTPaHUYEHUSIMU Ha pabo-
Ty SIBJISTIOTCSI TIEPUObI, KOTAa TIepee3l OT-
KPBIT A1 IBUXEHUS aBTOMOOUJIBHOTO
TpaHCHOPTa, OTCYTCTBYIOT ITOPOXHO-
TPAHCIIOPTHBIE TTPOUCIIECTBUS, MEIIAIOIINE
MPOCJIeJOBAHUIO YePe3 XKEJE3HYIO A0POry
u nip. MiMeeT cMbIca paccMaTpuBaTh paboTy
CMO TOBKO B MOMEHTHI BPEMEHU OT 3aKPhI-

Edanos [l. B., MauuH B. H., Ocapuuin I. B. ABTOA0pOXHbIE NYTENpoBOAbl TINGTOBOro Tuna
A nepece4YyeHuns Xene3HOAO0POXHbIX NyTeln B YCNOBUSX MNJIOTHOW 3aCTPOMNKN COBPEMEHHBIX FrOPOAOB
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Puc. 4. YcnoBHbie 0603Ha4YeHMs.

THS TIepee3na ISl ABMXKCHUST aBTOMOOUIIb-
HOTO TpaHCIOPTA A0 €ro OTKPBITHS. TouHee,
OT HEKOTOPOTO IPOTHO3HOTO BPEMEHH, TI0-
3BOJISIIONIETO 320JIaTOBPEMEHHO aKTUBU3U-
poBaTh pabOTy CUCTEMBI HAI3eMHOTO TyTe-
IpOoBOA JIJIT aBTOMOOMJIBHOTO TPaHCIIOPTA.
CyliecTByeT u cliydait, IIpyu KOTOPOM B MO-
MEHT IPOOKM Ha ITepee3e B cliydae BHICOKO-
TIPUOPUTETHON 3asIBKM BO3MOXHaA paboTa
HaA3eMHOTO TIepee3aa, OMHAKO 3TOT cliydait
TpemaraeTcs He pacCMaTpuBaTh B BULY OT-
CyTCTBUS Kak TakoBoii CMO 1ipu 3TOM Ba-
pHMaHTe: B clydyae MPOOKU BBICOKOIIPHOPH-
TeTHas 3as1BKa MOXET ObITh 00CTy>KeHa MO-
MEHTAJIbHO, a COOBITUST TIPUOIMKEHUS IBYX
BBICOKOTIPMOPUTETHBIX TPAHCIIOPTHBIX
CPEICTB ¢ 00eMX CTOPOH OT IyTEeIpoBOIa
MajioBeposITHBI. OQHAKO W B 3TOM Ciydyae
TeXHUYECKOE peIlIcHNE BBIMIOJHUT CBOIO pa-
0OTY, TIPOITYCTUB CHavyajga OgWH TPAHCIIOPT-
HBI1 0OBEKT, 3aT€M BTOPOIA.

3asBKU, MOCTYMAOIIEe Ha pacCMaTprBae-
MBI TEXHUUECKUIT O0OBEKT «HaA3eMHBIN My-
TEITPOBOJ, IJISI aBTOMOOMIIBHOTO TPAHCITOPTa»
B MOMEHT €T0 pabOTHI, B CAMOM OOIIIEM CITydae
MMEIOT CJIEAYIONINE TTapaMeTpPhI:

— ¢ 00eMX CTOPOH ITyTeIIPOBO/IA TTOCTYIIa-
IOT 3aIBKM C OJMHAKOBBIM ITPUOPUTETOM
U MHTEHCUBHOCTSAMU A, U1 A

— ¢ 00erX CTOPOH BO3MOXHO TOSIBICHUE
BBICOKOITPUOPUTETHOI 3asIBKM C MHTCHCHUB-
HOCTBIO 4" U 4, ;

— cpeiHee BpeMst 00CTy>KUBAHUS KAXKIOM
3asiBKU OTIPEIEIISIeTCSI BDeMEHHBIMU TTapame-
TpaMU MOAbEMA aBTOMOOUJIS, TIPOC/IEIOBAHUST
HaJ XKeJIe3HOIOPOXHBIM IMOJIOTHOM U CITyCKa
U BBIPAXXAIOTCI B OOLIEM ClTyyae BETUYUHOMN

® MWP TPAHCIOPTA, Tom 18, N2 5, C. 90—108 (2020)

PaccMmoTpum ceHapuu (hopMUpOBaHUS
oyepeneil y myTernpoBoaa B IBYX BapHaHTax
ero peaJiM3aiu — C IByXCTOPOHHUM JIBIMKE-
HHEM 1 C OMHOCTOPOHHUM JIBIDKEHUEM (C BO3-
MOXHOCTBIO pPEBEPCUPOBAHMST).

Ha puc. 4 npuBeaeHbI yCJIOBHbIE 0003HA-
YeHMUS.

OnuineM ciaydail IyTEIIpoBOaa C ABYX-
CTOpOHHUM ABUKeHUeM (puc. 5). IIpexme
BCero, OyaeM IoJIaraTh, 4To CIyJau pacCMOT-
PEHUS ITOTOKOB C IBYX CTOPOH paBHO3HAYHBI
1 UCKJIIOYUM M3 PACCMOTPEHUS OOUH M3
«CUMMETPUYHBIX BAapUAHTOB» (HaIlpUMeED,
Koraa ITOTOK UMEETCsI TOJIbKO C OTHOM CTO-
POHBI UJIX TOJBKO ¢ Ipyroit ctopoHsl). Torma
MOKHO BBIICIUTH IEBITh Pa3TUYHBIX CUTYa-
LU,

Ilepewiii cuenapuii, TOKa3aHHBIN Ha puC. Sa,
XapakTepu3yeT ciaydyaif, Korma odepeab U3
HU3KOTIPUOPUTETHBIX 3asIBOK 00pasyeTcs
TOJIBKO C OHOM CTOPOHBI IMyTEIIPOBO/IA.

Bmopoii cyenapuii (puc. 50) onmucHBaeT
cayJyail BOSHUKHOBEHUSI BBICOKOIIPUOPUTET-
HOM 3a1BKM C OJTHOM 13 CTOPOH ITyTeIIPOBOIA
P OTCYTCTBUM TpaduKa ¢ Ipyroi (pakTu-
YeCKM, aHAJOTUYEH ITIEPBOMY CIICHAPHIO).

Tpemuii cyenapuii (puc. 5B) OMMCHIBAET
cutyanuio (GopMHUPOBaHUS KaK HU3KOIIPHO-
PUTETHBIX, TaK Y BHICOKOTIPUOPUTETHBIX 3a-
SIBOK C OHOI M3 CTOPOH ITyTeIIpoBOAa MpPHU
OTCYTCTBUM TpaduKa ¢ Ipyroii.

Yemeépmutil cyenapuii (puc. 5T) XxapakTe-
pU3yeT CUTyallnio, Koraa hOpMUPYIOTCS
HU3KOIIPUOPUTETHBIC 3asIBKU C 00e X CTOPOH
MMyTenpoBoIa. DTOT CIyJail TpeacTaBIsIeTCs
HanboJiee UHTepeCcHBIM. B ciyuae popmupo-
BaHMS 3asIBOK C 00€MX CTOPOH ITyTEIpoBOaa
TpedyeTcsl YCTAaHOBUTH IIPUOPUTET B IBIKE-
HUM C KaKOI-T1M00 13 CTOPOH. DTOT IPUOPU-

Edanos [1. B., MauuH B. H., Ocapguui I. B. ABTOA0pPOXHbIE NyTENnpoBoAbl IMGTOBOro Tuna
ANS Nepece4YyeHus Xene3HOA0POXHbIX NyTei B YCNOBUSX NOTHOMN 3aCTPONKN COBPEMEHHBIX FrOPOAOB
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Puc. 5. CueHapumn o6pa3oBaHus oyepeaeii y ByXCTOPOHHEro HaA3eMHOro nyrenposoAa
[moaroTroBnex aBTopamu].

TET MOXET yCTaHaBJIMBATHCS, UCXOMS U3
Yyucya 3asiBOK M OTpaHMUYEHMI Ha BpeMsl pa-
60ThI 1. [TonoxXuUM, 71 peryJupoBaHus O4e-
perneii ycTaHaBIUBAIOTCS CBETO(MOPHI C 00enx
CTOPOH HaJI3eMHOTO TyTernpoBoaa. Toraa
1eJ1eCOo00pa3Ho C yYETOM BpeMEHHU T HACTPO-
UTh paboTy cBeTO(OPOB TaKUM OOpaszoMm,
YTOOBI TIPU IBUKEHUU B 000MX HATIPaBJICHU -
SIX 32 BpeMsI T OBUIO TMPOITYIIEHO OJIMHAKOBOE
KOJIMYECTBO MAIIIMH B KaXKIOM HaIlpaBJICHUN.
B aTOoM ciydae ripy MajioM 3HaYEHUU T MOXKET
OBITh BEIOpAH MPUOPUTET OTHOM U3 OUepenei
U BKJIIOYEHO Ha BpeMs (%—%) pa3peueHHoe
MoKa3zaHue JUIsl 3TOI oyepen U Ha TaKoe Xe
BpeMsi — 11t BTopoit. Eciiu Bpemsi T HacTosIb-
KO MaJIo, YTO MOXKET OBITh TPOMYIIEHO Majioe

® MWP TPAHCIMOPTA, Tom 18, N2 5, C. 90—108 (2020)

YUCJIO aBTOMOOMIIEH, clielyeT MPUOPUTET
JBIKEHUST YCTAHOBUTDH COTJIACHO TIPEBApH-
TEJTLHBIM 3asiBKaM BoauTeseil. Eciau Bpemst 1
Benuko (tipeBbimaet 10—20 MUHYT), TO CBe-
TO(OPBI MOTYT MEPEKITIOYATHCS 10 HECKOJIBKY
pa3, BbIIEPXKUBas 001ee BpeMs ABUKECHUS
B KaXXJIOM U3 HaIIpaBJIeHUI — % .

Ilamuiii cyenapuii (puc. 51) MoKa3bIBaeT
HaJIM4YKe IBYX ITOTOKOB 3asIBOK C 00X CTOPOH
MyTeTpoBOJa, OAUH U3 KOTOPBIX SIBJISIETCS
BBICOKOTIPUOPUTETHBIM, BTOPOW — HU3KO-
MPUOPUTETHBIM. B TaHHOM cllydyae BBICOKO-
TPUOPUTETHBIE 3asBKU OOCITY>KMUBAIOTCS OT-
nenbHo. CremyeT OTMETUTh, YTO BHYTPH TMO-
TOKa BBICOKOIPUOPUTETHBIX 3asIBOK MOTYT
OBITh YCTAHOBJICHBI CBOM TTPUOPUTETHI, OTHA-

Edanos [l. B., MauuH B. H., Ocapuuin I. B. ABTOA0pOXHbIE NYTENpoBOAbl TINGTOBOro Tuna
ANS nepeceyeHns Xene3HOA0POXHbIX MYTEN B YCIIOBUSIX NJIOTHON 3aCTPOVKN COBPEMEHHbBIX FOPOAOB
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Puc. 6. CueHapun ob6pa3oBaHus o4epeneri y o4HOCTOPOHHEro (C peBepcupoBaHneM) Hag3eMHOro nyTenposoaa
[noarorosnex aBTopamu].

KO 11eJIeco00pa3HO UX He paccMaTpUBaTh,
OIICHUBAs TOJILKO BO3MOXHOCTH OOIIIeit pa-
OOTBI MYTEMPOBO/IA IO TAHHOMY CIIEHApUIO.

Ilecmoii u cedomoii cyenapuu (puc. 5e, X)
OTIMCHIBAIOT UACHTUYHbBIE CUTYAllUM, KOT1a
C OJTHOH M3 CTOPOH MyTenpoBona (GpopmMupy-
J0TCS1 HU3KOTIPUOPUTETHBIE 3as1BKU, a C IPY-
ol — U HU3KO-, U BBICOKOTIPUOPUTETHbBIE
3a8BKU. B m1aHHOM ciydyae mpeuMyIilecTBO
OTIaETCs BBICOKOMPUOPUTETHBIM 3asIBKaM, 1O
Mepe MCITOJIHEHMSI KOTOPBIX IMyTEMPOBO. Ha-
YUHaeT paboTaTh MO YK€ PACCMOTPEHHOMY
BBIIIIE YETBEPTOMY CIICHAPUIO.

Bocomoii cuenapuii (puc. 53) onuchiBaeT
MOXOXYIO Ha TIPEAbIAYIIUe ABE CUTYallMU 32
TEM JIIIIb UCKITIOYEHUEM, UTO C 00EMX CTOPOH
myTenpoBona hoOpMUPYIOTCS] BBICOKOITPUOPU-
TETHbIE 3a8BKU, a C OJHOU U3 HUX — ellé
W HU3KOIIPUOpUTETHBIE. B 3TOM ciyyae BHa-
yajie UCTIOJHSIOTCS BbICOKOTIPUOPUTETHBIE
3asiBKM C 00EUX CTOPOH, a 3aTeM — HU3KO-
MPUOPUTETHBIE C OMHOM 13 HUX. [Ipu ucmon-
HEHUU BBICOKOTIPUOPUTETHBIX 3as1BOK ITOTOKU
MOXHO CUMTaTh PABHOIICHHBIMM, a PEXUM

® MWP TPAHCIOPTA, Tom 18, N2 5, C. 90—108 (2020)

MCIOJHEHUST 3asIBOK MOXKHO OIPEIEISATh UC-
XOJIs1 U3 JUIMHBI 04ePEIN C COOTBETCTBYIOLINM
BpeMEHEM OOCTYKMBaHMS KaxK/I0i 3asiBKU.
Meesmulit cuenapuii (puc. S1) oxBaTbIBaeT
caMblit 001Ut cltyyaii popMUpOBaHUS 000UX
BUJIOB 3asIBOK C JIBYX CTOPOH ITyTEIIPOBOJA.
Pa6ora opranu3syercst aHaJIOTMYHO OITMCAHHO-
My BBIILIE€ aJITOPUTMY JUISI CIIy4aeB BbICOKO-
IIPUOPUTETHBIX 3asIBOK C 00EMX CTOPOH 1 HU3-
KOIPHUOPUTETHBIX 3asSIBOK C 00EUX CTOPOH.
AHaJIOrMYHO IpPEACTaBICHHBIM Ha pucC. 5
cueHapusiM (GOPMHUPOBAHUST 3asIBOK JUISI ITyTe-
IIPOBOIA C IBYXCTOPOHHMM JBMKEHUEM Ha PHC. 6
MPUBEICHBI CLICHAPUHU JJIs1 (DOPMUPOBAHUST 3a-
SIBOK JIJISI OTHOCTOPOHHETO ITyTeIpoBoa (C BO3-
MOXXHOCTBIO peBepcrpoBaHust). MOXKHO cKa3aTh,
YTO JIaHHBII BapUaHT OPraHM3alliK ITyTeITPOBO-
Jla MOXKET OBITb PACCMOTPEH Ha OCHOBE OT/E/Ib-
HBIX CJIydaeB IIEpBOIO BapyaHTa OpraHM3alun
nBrekeHys. [To 3Toii mpuurHe Kakoe-1moo A0-
TTOJIHUTEJILHOE OIMCAHUEe HEe TTPUBOIUTCSI.
Pacuér npusenénnoit CMO MOXeT ObITh
BBIITOJTHEH IYTEM MMUTAIMOHHOTO MOJIEIM-
poBaHus (B JTaHHOI paboTe He TPUBOIUTCS ).

EdaHoe [1. B., MaunH B. H., Ocapuuii I'. B. ABTOA0POXHbBIE NYyTENPOBOALI TINGTOBOrro Tuna
ANS Nepece4YyeHus Xene3HOA0POXHbIX NyTei B YCNOBUSX NOTHOMN 3aCTPONKN COBPEMEHHBIX FrOPOAOB




OONOJIHUTESNIbHbIA ®YHKUMUOHAN
ABTOOOPOXHOIO NYTENPOBOAA

ABTOIOPOXHBII TYTEMPOBOJ JTUDTOBOTO
TUIIA — YHUKAJIbHOE TEXHUYECKOE PellleHue,
MO3BOJISIIOIIEee BCTPauBaTh YAOOHBIE Cpel-
CTBa MePeCeYeHMS KeJIe3HBIX JOPOT B PETro-
HaXx C YK€ CJIOXMBIIeHCs MHGPACTPYKTypOIA.
CaMo TeXHUUYeCcKOoe pEIIeHUEe He TOJbKO
MOXKET OBITh PeaJIM30BaHO C AU3aiTHOM, UE-
aJIbHO BITMCBIBAIOIIMMCS 1 HE HapyILIAOIIIM
OCHOBHOI «JIMHUMW» TaHaIadTa, HO U CHab-
JKaThCs Pa3BUTHIM (DYHKIIMOHAJIOM, ITO3BO-
JISIIOIIAM C/IeJIaTh He MPOCTO KOHCTPYKIIMIO
JUIST peLlIeHUsT OTHOM M3 3a/1a4, HO U ITOCTPO-
WUTh MHOTO3ala4yHblii KoMIuieKc. CTpoeHMst
1 00BEKTHI TPAHCITIOPTHOI MH(MPACTPYKTYPhI
JIaBHO CJIeJlyeT IepecTaTh paccMaTpUBaTh
TOJIBKO KaK CTaTUYHbIE OOBEKTHI, IIPEIHA3-
HauyeHHbIE CYTy0O0 [UIsl pelIeHUs OTHOM Y3KOMI
3agaun. Mx cienyeT paccMaTpuBaTh Kak
00BEKTHI, CO3MaHHbIE YEJIOBEKOM JIJIs Y100~
CTBa MCITOJIb30BaHUSI, MUHMMU3AIIUU 3aTPaT
KaK BPEMEHHBIX, TaK U JTEHEXHBIX, IS T10-
BBIIICHUST 3(POEKTUBHOCTU BKCILIyaTalluu
TPaHCIOPTHOIO KOMILIeKca U 0oJiee KOM-
(opTabeabHOro UCOIb30BaHUSI TPAHCIIOPT-
HOIl CUCTeMbl KOHEYHBIM T0JIb30BATEIIEM.
Texuudeckre 00ObEKThI HY>)KHO MAKCHUMAaJIbHO
MPUOJIU3UTD IO UX CBOKMCTBAM K CBOKCTBaM
JKMBBIX 00BEKTOB M3 OMOJIOTHUYECKOIO MUpa
U HaJCJIUTh UX HEKOTOPBIMU «TE€XHUYECKUMU
YYBCTBAMM» — «TEXHUYECKUM CIIyXOM», «T€X-
HUYECKUM 3pEHUEM» , «TEXHUYECKUM WHTEJI-
JiekToM». KpoMe Toro, He0OX0IMMO MaKCH -
MaJIbHO «03€JICHUTh» TEXHUUECKUE PEIICHNSI,
HCIMOJIb3ysl aJlbTepHATUBHbBIE UCTOYHUKU
SHEpPTHH, KJaccuuuupyst morpedureneit
U peain3ys TaKue TeXHUYeCKUe pelleHus,
KOTOpbIE HECYT MOHVKEHHBIN YIJIepOIHbII
cren [15].

IIpennaraemas «o00aer4€HHasI» KOS TeX-
HMYECKOTro peleHust komranuu Mitona Macka
TIPEICTABIISIET CO0O0IT Ga30BYIO CUCTEMY, KOTO-
past JIETKO pacIIMpsieTcs] M HapalluBaeTcs 10
MHOTO(DYHKIIMOHAIBHOTO KOMILIEKca, 00Ja-
JIAIOIIETO CJIEMYIOIMMU OCOOEHHOCTSIMU:

— KpbIIlIa KOMIUIEKCa TTOKPBIBAETCS COJI-
HEYHBIMU TTaHEJISIMU TSI OPTaHU3alMK SHEP-
rOCHAOKEHUST HE TOJIBKO OT MECTHOM 3JIEKTPO-
CETH, HO 1 OT aJIbTePHATMBHOTO MCTOYHMUKA,
U (hakTUIeCKN caMa KOHCTPYKIIUS MPeICTaB-
JIIeT CO00I «MUKPOIJIEKTPOCTAHIINIO» C HAKO-
MMUTEJISIMU SHEPTUU (BIOJHE BO3MOXKHO, YTO
SHEPIryUU XBaTUT U JUIST TTaHUST OOBEKTOB aB-

® MUP TPAHCMOPTA, Tom 18, N2 5, C. 90108 (2020)

TOMaTU3aL1U, & TAKXKE COCETHUX C HA3EMHBIM
MYTENPOBOIOM KIUJIBIX OOBEKTOB);

—BO3MOXHO COBMellleHUue (PYHKIUU
3JIEKTPO3aIPABKU AJIS1 COBPEMEHHBIX 2JIEKTPO-
MOOMJIE OT UCTOUHUKOB «MUKPOJIEKTPO-
CTaHIIN»;

— O MOJIOM BHE HapyuleHus rabapura
CJIeIOBaHMS ITOIBUXKHOTO COCTaBa yCTaHABII -
BaeTcs CIelUaTu3upOBaHHOE TUATHOCTUYE-
cKoe 000pyI0BaHKE IS POBEPKU 3arpyKeH-
HOCTU BaroHOB, COCTOSTHUSI KOHTAKTHOW CETU
(ecnu popora 2;1eKTpruULIUpOBaHa);

— 10 G0KaM KOHCTPYKIIMHY YCTaHABIUBAET-
cs1 060pya0BaHUE KOHTPOJS LIEJTOCTHOCTU
M10MO BaroHOB, pacmo3HaBaHUS HOMEPOB
BaroHoB, Ae(eKTOCKONMUU OYKCOBBIX Y3JIOB
(BO3MOXEH BapUaHT C UCIOJIb30BAHUEM TEX-
HOJIOTUM MOBEPXHOCTHBIX aKYCTUYECKUX BOJIH
JUTSI MOHUTOPUHTA);

— B 30HE€ MepeceyeHusi aBTOMOOWIbHOMN
U XKeJIe3HOM mopor (Ha caMOM Mepee3/ie) ycra-
HaBJIMBAIOTCS YCTPOMCTBA KOHTPOJISI, TEXHU-
YECKOTo AUArHOCTUPOBAHUS U MOHUTOPUHTA
COCTOSTHMSI HETIOCPEICTBEHHOTO MepeceyeHust
JKEJIe3HOU U aBTOMOOWJIbHOI TOPOTH U T.A.

TTono6HBIN (yHKIIMOHAT MO3BOJISIET pea-
JIU30BaTh B OMHOM KOMIUIEKCE CIIOXHBIN TeX-
HUYECKUU «OpTaHU3M», PellaloIIuil pa3HO00-
pa3Hble 3a1a4u U 00eCIeYeHUsT OTKA30yCTOM-
YUBOCTU, U OE30MACHOCTU CaMOI TPaHCIIOPT-
HOW cUCTEeMbI, U KOM(MOPTHOCTU ABUXEHUS
MOJIb30BaTeeil aBTOMOOUIIEHA.

SAKJIIOMEHUE

BHenpeHue HaI3eMHBIX TyTePOBOIOB [T
aBTOMOOWJILHOTO TPaHCIIOPTAa B «KPUTUYE-
CKHX 30Hax» IepeceyeHns] aBTOMOOMIBHBIX
7 XEJIE3HBIX JOPOT MO3BOJISIET CYIIECTBEHHO
ONTUMU3UPOBATH MOE3AKU B KPYITHBIX TOPO-
Jax ¥ peTMoHax co cloXuBIIeics nHppa-
cTpyKTypoil. [Ipn 3TOM CyIIeCTBYyeT BO3MOX-
HOCTb UHTETPALIMM TEXHUYECKOTO PELICHUS
C MOOMJTBHBIMU MTPUJIOKEHUSIMU U HABUT ALY -
OHHBIMU CEPBUCAMU TaKUM 00pPa30M, YTOOBI
oYyepeayr Ha MCIOJIb30BaHME HAJA3EMHOTO
MyTenpoBoa (POPMUAPOBATIUCH 3apaHEE U yUU -
TBHIBAJIUCH MPU COCTABJICHUU U ONITUMU3ALUU
MapupyToB. bosibiioe 3HaUeHre MOXET UMETh
U COLUMATBHBIN 2P HEKT OT UCTIOTb30BAHUS
aBTOOPOKHBIX MTyTETIPOBOJOB JTU(MTOBOTO
TUIIA B YCJIIOBUSIX IUIOTHOW rOpOICKOM 3a-
CTPOWKH COBPEMEHHBIX TOPOJIOB.

ITpenyioxeHHbIE pellieHUs MOTYT ObITh KaK
OTAETbHBIMU MOOWJIBHBIMU MPUJIOKEHUSIMU,

Edanos [l. B., MauuH B. H., Ocapuuin I. B. ABTOA0pOXHbIE NYTENpoBOAbl TINGTOBOro Tuna
A nepece4YyeHuns Xene3HOAO0POXHbIX NyTeln B YCNOBUSX MNJIOTHOW 3aCTPOMNKN COBPEMEHHBIX FrOPOAOB



TaK 1 THTETPUPOBAHHBIMU CEPBUCAMU B IMEIO-
IIHecsT HaBUTallMOHHBIC M 0AHKOBCKUE CHUC-
TeMbl. [TomoOHasg MHTeTpaLUs ITO3BOJISIET
YIIPOCTUTH B3aUMOACUCTBHE ITOJIH30BaTEIIS
C TPAHCITOPTHOM CUCTEMOM, COKPATUTh BPeMsI
Ha IpoBeieHre onepalnil, 00ecrneyuTs 0oJiee
KOMGOPTHOE IBMKEHUE 1, B KOHEYHOM HUTO-
e, ONTUMU3AIII0 BpEMEHHBIX ¥ (PMHAHCOBBIX
3aTpaT MMOJIb30BaTes.

CrenyeT elué pa3 IogYepKHYTh, UTO aBTO-
JIOPOKHBIE ITyTETIPOBOIBI IM(TOBOTO THTIA —
3TO HE MacCOBOE€ TeXHUYECKOe pellleHue,
a IUTaTHOE TIOBEITIIeHNE KOM(POPTAOETLHOCTH
TePEeBO30K U CPEICTBO OTIEPATUBHOTO ITPOITY -
CKa aBTOMOOMJIeH 3KCTPEHHBIX CTyk0. Kpome
TOTO, TIOA00HOE TEXHUYIECKOE PEeIICHNE P
ero MOIYJIBbHOM HMCITOJTHCHUU U OBICTPOM
Pa3BEPTHIBAHNI MOKET OKa3aThCsI TTOJIE3HBIM
MIPpHU MPOBEACHUM IJUTEIbHBIX IIaHOBBIX
paboT, HaTIIpuMep, CBSI3aHHBIX C PEKOHCTPYK-
el Iepee3aoB, 3aKPBITUN X Ha TTPOIOJIKHU-
TeJbHOE BpeMsI U IIp. MaKCUMaJIbHO IIPOCTO
BO3BOIMTCS TpeACTaBIeHHAsT KOHCTPYKIIUS
JIJIST OITHO- M IBYXITYTHBIX JKeJIe3HOTOPOKHBIX
JuHUi. BpeMs xxe mpoesna omnpenensieTcs

| .
BEJINMYNHOU ; , CYIHECTBEHHO 3aBUCALIEN OT

TUITOB yCTaHABJIMBAEMBbIX MOABEMHUKOB,
CKOPOCTH 3ae3a B IUGT, moabéMa, poesna
MO KOPUIOPY, CIycKa W Bble3na u3 Judra
U, TIO TIPEABAPUTEbHOM OlICHKE, He TOJIKHO
MpeBBIIATh OMHOM MUHYTHI. JIJIst UCKITIOYe-
HUS CKOIUICHUST ovepeeii 1esiecoodpasHo
3apaHee OPOHUPOBATh MYyTEMPOBOJ, B psijie
clyyaeB JJiss ONTUMU3ALUU pa3MelleHUs
TPAHCIOPTHBIX CPEACTB — CTPOUTH CIELIM-
aJTbHO 00OpYTOBaHHBIE OTCTOMHUKU TIEepe.
3ae3q0M. Bce 310, ecTecTBeHHO, TpebyeT
JNaJibHENIIe 1eTalbHOM MPOPabOTKHU C YUE-
TOM YCJIOBUI CTPOUTEJbCTBA HEMOCPE. -
CTBEHHO Ha 00BEKTE BHEAPEHUSI U SKOHOMHU-
yeckoro addeKTa, MpOCYUTHIBAEMOTO J0-
MOJTHUTENIBHO (Ha YTO BJIUSTIOT KaNUTaIbHbIE
BJIOKEHWsI, 3aTpaThl Ha OOCIyXWBaHUE,
BOCTPeOOBAaHHOCTD y MOJIb30BaTENC, BO3-
MOXHOCTh MPUBJICYCHUS peKiamomaTeei
MPY UCTIOJIB30BAHUU MOOUITbHBIX TTPUITOKE-
HU 1 T.1.).

B 3akiioyeHue HEOOXOIMMO OTMETUTh
TakKXke, YTO MPEeACTaBIeHHOE TeXHUYECKOe
peleHrue MOXeT ObITh BCTPEUEHO C OCTOPOK-
HOCTBIO CTIeIIMATUCTAMU, OTBETCTBEHHBIMU 32
MPUHSITUE PEILIEHUH TTO CTPOUTENILCTBY MHHO-
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BallMOHHBIX 00OBEKTOB Ha TPAHCTIOPTE, U, ECTe-
CTBEHHO, TTIOTPEOYET TOTIOJTHUTEIbHBIX UCCIIE-
JIOBaHUI, HO BIIOJTHE 3aCTyXMBAeT NaJIbHEel-
IIer0 BHUMaHUs B CUJTY CBSI3aHHBIX C HUM
TTOTEHITMAIBHBIX ITOJIOXKUTETBHBIX 9((DEKTOB.
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Road Overbridges of Car Lift Type for Crossing Railway
Tracks in Densely Built-Up Areas of Modern Cities
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ABSTRACT

The theoretical prerequisites for construction of road
overbridges of car lift type for crossing railways by automotive
vehicles are suggested. A technical solution has been proposed
that makes it possible to ensure the crossing by cars of «problems»
railway crossings during periods of their long-term closure for
road traffic. The same solution can be used to organise a road
overbridge in other locations where there is no railway crossing.
The technical solution itself is based on the use of overhead road
overpasses and is a «simplified» version of the solution
implemented by Elon Musk and his company in Los Angeles based
on a tunnel, moving platforms and freight elevators. For

at level crossings.
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development of car lift type road overbridges, computational
methods of theoretical mechanics, technical diagnostics and
monitoring, as well as the theory of queuing should be used to
estimate the number of cars passed through it when crossings
are closed. It is proposed that the structures of the overbridge
should be «built-in» into the landscape, equipped with alternative
sources of energy supply and technical means of control,
diagnostics and monitoring of rolling stock and of location of direct
intersection of automobile and railway roads (an intelligent
monitoring zone). The proposed promising technical solution in
the form of a road overbridge makes it possible to increase
comfort of road transportation and improve traffic safety at level
crossings.
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Background. Points of intersection of
highways and railways at the same level, or level
crossings [1], according to statistics, are the most
frequent places of occurrence of violations in
operation of the railway transport system. These
data are relevant for the whole world, and not
only for a single country or region [2; 3]. In
Great Britain alone, on an area of 243809 km?,
there are about 6 thousand level crossings
(approximately a level crossing per 40 km?) [4],
and in the EU countries there are over 100
thousand level crossings 3], of which about 49 %
are unguarded. Level crossings are places of
increased safety risk for both road and rail users.

The causes of violations at level crossings
are extremely varied, but they can all be
reduced to errors in operation of the man-
machine system: actions of drivers of road
vehicles can be provoked by the incorrectly
understood actions of railway transport while
the drivers are in the waiting mode for
permission to pass through the level crossing,
and that is the cause of violations of traffic rules
by them. At this point, they become sources of
dangerous impact for the railway system.

Violations often occur due to the fact that
the crossing is closed for movement of vehicles
in advance and also does not open immediately.
At the same time, depending on the category
of the railway line, track development and the
maximum permissible speeds of train
movement, waiting time can vary significantly.
Crossings can often be located in areas of
existing urban infrastructure and cause
significant interruptions in traffic. For example,
a crossing on St. Petersburg—Moscow line,
where high-speed Sapsan trains run, in Kolpino
(St. Petersburg) is notorious, as it closes 20
minutes before the train enters the crossing and
opens only 20 minutes after it passes. If we
consider that the consecutive two train schedule
is set for Sapsan trains, the breaks for following
the crossing become close to half an hour [5].
Once in a traffic jam, the driver becomes a
hostage of the situation and is forced to waste
time, as well as to lose the stability of the
psychological state, which undoubtedly has an
impact on the transport system.

For areas of interaction between road and
railway transport, like those described in the
example, construction of multi-level inter-
changes is the best solution from the standpoint
of both reliability, safety, and speed of passage.
However, this solution has two significant, even
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deterministic, disadvantages. The first one is
associated with economic aspects and high costs
of construction of multi-level interchanges. The
second one is associated with the peculiarities
of urban planning and with the fact that in a
number of areas with an established
infrastructure, sometimes construction of multi-
level interchanges becomes inappropriate from
the purely technical point of view. It should be
noted that according to [3], the main directions
of development in the field of traffic safety at
level crossings are focused on increasing the
number of technical means of automation of
level crossing control, however, the potential of
modern information systems has been somehow
overlooked [6—8].

One of the solutions to optimise traffic at
level crossings is integration of data from
railway systems for organising and controlling
traffic, as well as from means automation and
telemechanics into mobile navigation systems
and building routes for road traffic, considering
the predicted closing and opening times of
crossings [9; 10]. If it is impossible to obtain
data from the railway transport system, then
there isan option forimplementing a forecasting
system with its own sensors installed near the
crossing. Such a solution allows to provide
traffic participants, both motor transport
drivers and locomotive drivers, with a forecast
of the situation at the crossing and with a
forecast of size of traffic and with information
on the traffic itself in the area of intersection
of the road and the railway. This forecast by
itself is the most valuable information for
ensuring traffic safety: the number of accidents
and crashes is guaranteed to decrease, as road
users will receive information «about the near
future» and will choose acceptable actions.

Another promising option for organizing
traffic at level crossings is the use of specialized
freight elevators and road overbridges designed
for the motor vehicles could cross the
intersection of the road and railways. Such car
lift type road overbridges can be installed not
only in the immediate vicinity of the crossings,
but also be built in the existing urban
infrastructure environment, considering the
most intense traffic areas. The car driver will
have a choice to use this transport infrastructure
object (similar to an alternative that he has in
large cities: to travel by free either by toll roads).
When developing a design, it is necessary to
consider the methods of theoretical mechanics
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Pic. 1. Variant of lifting devices: a) scissor car lift; b) column car lift; c) car lift [compiled by the authors].

to choose engine power for lifting cars to a
certain height, as well as methods of the theory
of queuing to estimate the number of cars that
will use that opportunity when the level
crossings is closed. This, however, will require
simulating operation of the overbridge for
various road scenarios.

This innovative solution requires further
study and analysis.

The objective of the study described in the
article is to examine the features of arrangement
of road overbridges, considering implied
innovations and the prospects for their mass
implementation. The study has used the
methods of theoretical mechanics, technical
diagnostics, and monitoring, as well as the
theory of queuing to estimate the number of
cars served when level crossing is closed. The
study has resulted in development of an
innovative solution for railway crossings, based
on the use of car lift type road overbridges.

It should be noted that such a solution can be
considered as the analogue of the invention of The
Boring Company by Elon Musk, implemented in
Los Angeles, where freight elevators are also used,
but to deliver cars underground to special moving
platforms, and further movement is carried out
through a tunnel [11; 12]. This solution, however,
turns out to be quite expensive, in contrast to the
one proposed by the authors.

Road overbridges

A car lift type road overbridge might be a
special design that combines an overhead
overpass and structures for vertical ascent to it
at both ends using a freight elevator.

The construction of the presented structure
does not require changes in development in the
area of intersection of the road and railway, as
well as construction of approaches, which is
extremely important in the conditions of the
existing development and does not affect the
architectural appearance of the city.

It is possible to use special lifts or elevators,
which are widely used in major cities around
the world as devices for delivering a car to the
overbridge. In many cities, the lack of free space
isincreasingly felt, and placing carsunderground
with the help of a lifting mechanism does not
disturb the surrounding architecture. Car lifts
are also used in shopping centres with rooftop
parking, and in residential buildings with
parking lots in the basement.

A car lift (Pic. 1) is a structure consisting of
a support system and a drive mechanism. The
device operates as follows. The car drives onto
the platform, gauge sensors (they are located
at the ends of guardrails) read the correct
position of the car, and the support system starts
moving, raising the car to the required height.

In scissor lifts (Pic. 1a), the platform moves
with the help of levers located under it and
shaped as scissors. The cylinders acting on the
levers force them to unfold, which allows to lift
the platform up.

The disadvantage of using scissor lifts is the
lack of walls at their platform. That is, passengers
who left (accidentally or intentionally), as well
as the driver himself, are not protected by
anything from falling or getting injured on such
alift. In addition, the installation will not budge
if the machine has entered the site incorrectly.
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Pic. 2. Variant of location of an overbridge with a one-way traffic zone (view from the car)
[prepared by the authors].

Pic. 3. Variant of location of the overbridge with a one-way traffic zone (bird’s-eye view) [prepared by the authors].

This will lead to additional movements
(manoeuvring) of the car on the platform of the
lift, which will increase time the lift is occupied
and time of a car’s crossing the railway line. It
will be difficult to implement this design, since
it is not able to withstand the lifting of a car of
more than 3 tons to a height of 7 meters (which
is necessary to ensure the clearance conditions
regarding dimensions of the structure).

The lift option in Pic. 15 is a structure of two
(each of which is located opposite respective side
of a car) or four (each two of them are located

opposite respective side of a car) guide columns,
located perpendicular to the platform. In this
case, lifting is produced by hydraulic cylinders.
They move the carriages, attached to the platform
with a special system, which includes traction
chains and block-and-tackle mechanisms. The
standard value of the height to which the car can
be lifted is 7 m. But, unfortunately, all other
disadvantages of the first version of the lift
(Pic. 1a) are consistent with that version as well.

The most perfect option, devoid of the
indicated disadvantages, is a car lift (Pic. 1c)
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which is the same freight elevator capable of
lifting a load to the required height, the mass
of which should not exceed 3,5 tons. With this
version of the lift, it is not necessary to monitor
the sensors and rearrange the transport to a
«more comfortable» position. In this case,
when the car enters the elevator cabin, the
ascent starts immediately after the doors are
completely closed.

The design of the road overbridge can be
adapted to the landscape and easily fit into it
(Pics. 2, 3), and the overbridge can be built both
with a single tunnel for traffic, and with two
tunnels (they can be located both parallel and
above each other).

It is advisable to use such a crossing elevator
as an engineering structure that provides an
«additional service» for road transport, and not
as an ordinary means of crossing the railway. At
the approaches to the elevator, control zones
might be installed that work in automatic mode
(according to the type of operation of the
approach zones for road transport at airports
or according to the type of operation of toll
zones on dedicated high-speed highways). At
the same time, it is possible to organize an
electronic queue to access an elevator fixing
different priorities, for example, forambulances.
It is convenient and simply necessary in
connection with the universal usage of mobile
applications to develop and implement mobile
applications to increase comfort of using the
provided service, to provide advance planning
and traffic optimisation.

Queuing scenarios in direct proximity to the
overbridge and level crossing

The operation of an overbridge with one and
two tunnels is determined by the peculiarities

of formation of flows of vehicles interested in
its use on both sides of the overpass from the
side of the highway. In fact, the proposed
technical solution is either a single-channel or
two-channel queuing system (QS) [13; 14].

With both options of organizing an
overbridge for road transport, its operation is
restrained during the periods when the level
crossing is open for road traffic, when there are
no road traffic accidents that impede the
passage through the railway, etc. It is practicable
to consider QS only in the periods from level
crossing closure till its opening for road traffic.
More precisely, from some forecast moment,
which allows to activate the work of the
overbridge for road transport in advance. There
isalso a case when during traffic jam at the level
crossing overbridge can be operated to meet a
high-priority application, but this case is
proposed not to be considered in view of the
absence of classical QS in this case, since in
case of a traffic jam, a high-priority application
can be served instantly, and simultaneous arrival
of high priority vehicles at both sides of the
overpass are unlikely. However, in this case, the
technical solution will do its job, skipping first
a transport object, then the second one.

Applications regarding the considered
technical object «overbridge for road transport»
at time of its operation, in the most general
case, have the following parameters:

« applications with the same priority and
intensities A, and A, arrive from both sides of
the overbridge.

+ on both sides, a high-priority application
with intensity 4 and 4} is possible.

« average service time of each application

is determined by time parameters of a vehicle’s
ascent, its movement over the railway bed and
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Pic. 5. Scenarios of queuing at a two-way overbridge [prepared by the authors].

descent, and is expressed in the general case by

the value 1 .
u

Let us consider two versions of scenarios of
queuing near the overbridge when it is intended
for two-way, and for one-way traffic (with the
possibility of reversing).

Pic. 4 shows the symbols.

Let us describe the case of a two-way
overbridge (Pic. 5). First, we will assume that
the cases of considering flow from each side are
equivalent and exclude from consideration one
of «symmetric options» (for example, when
there is a flow on only one side or only on the

other side). Then nine different situations can
be distinguished.

The first scenario shown in Pic. Sa,
characterizes the case when a queue of low-
priority applications is formed only on one side
of the overbridge.

The second scenario (Pic. 5b) describes the
case of a high-priority application from one
side of the overbridge in the absence of traffic
from the other (in fact, it is similar to the first
scenario).

The third scenario (Pic. 5¢) describes the
situation of formation of both low-priority and
high-priority applications from one side of the
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Pic. 6. Scenarios of queuing at a one-way (reversible lane) overbridge [compiled by the authors].

overbridge in the absence of traffic from the
other.

The fourth scenario (Pic. 5d) characterizes
the situation when low-priority applications
are formed on both sides of the overbridge. This
case seems to be the most interesting. In case
of formation of applications from both sides of
the overbridge, it is required to establish a
priority for the traffic from either side. This
priority can be set based on the number of
applications and constraints regarding the
operating time t. We can suppose that traffic
lights are installed on both sides of the
overbridge to regulate queuing. Then it is
advisable, considering time t, to adjust the
operation of traffic lights in such a way that
during time t the same number of cars will pass
in both directions. In this case, for a small value
of 1, the priority of one of the queues can be
selected and the green light for this queue can

be turned on for time (g—%} and for the same

time it then can be turned on for the second
queue. If time 7 is so short that only a small
number of cars can be allowed to pass, the
traffic priority should be set according to the
preliminary applications of drivers. If time 7 is
long (exceeds 10—20 minutes), then the traffic
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lights can be switched several times, keeping

the total travel time in each direction as % .

The fifth scenario (Pic. 5e) shows the
presence of two streams of applications on both
sides of the overbridge, one of which is high-
priority, the second is low-priority. In this case,
high priority applications are served separately.
It should be noted that within the flow of high-
priority applications there may be own
priorities, however, it is advisable not to
consider them, assessing only the possibilities
of total operation of the overbridge according
to this scenario.

The sixth and seventh scenarios (Pic. 5f, g)
describe identical situations when low-priority
applications are formed on one side of the
overpass, and low- and high-priority
applications on the other. In this case, priority
is given to high-priority applications, and once
they are fulfilled, the overpass begins to operate
according to the fourth scenario already
discussed above.

The eighth scenario (Pic. 5h) describes a
situation similar to the previous two situations,
with the only exception that high-priority
applications are formed on both sides of the
overbridge, but low-priority applications are
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also formed at one side. In this case, first, high-
priority applications are executed from both
sides, and then — low-priority applications
from that given side. When high-priority
applications are executed, the flows can be
considered equivalent, and the execution of
applications can be further based on the queue
length with the corresponding service time for
each application.

The ninth scenario (Pic. 5i) covers the most
common case of formation of both types of
applications at both sides of the overpass.
Operation is similar to the algorithm described
above for serving high priority applications from
both sides and low priority applications from
both sides.

While Pic. 5 shows scenarios for formation
of applications to use overbridge with two-way
traffic, Pic. 6 shows scenarios for formation of
applications for a one-way road overbridge
(with the possibility of reversing traffic). We can
say that this option for organizing the overpass
can be considered based on individual cases of
the first option. For this reason, no additional
description might be provided.

The calculation of the given QS can be
carried out by means of simulation (not
presented in this work).

Additional functionality of the road overbridge

The car lift type road overbridge is a unique
technical solution that allows to integrate
convenient means of crossing railways into the
areas with an already established infrastructure.
The technical solution itself can not only be
implemented with a design that fits perfectly
and does not violate the main «line» of the
landscape, but also be provided with developed
functionality that allows you to make not just
a structure for solving a single task, but also to
build a multipurpose facility. The buildings and
objects of transport infrastructure should long
ago cease to be considered only as static objects,
«tuned» purely to solve a single narrow
problem. They should be considered as objects
created by man for ease of use, minimization
of costs of both time and money, to increase
the efficiency of operation of the transport
complex and to obtain more comfortable use
of the transport system by the end user.
Technical objects should be as close as possible
in their properties to the properties of living
objects from the biological world and endowed
with some «technical senses»: «technical

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

hearing», «technical vision», «technical
intelligence». In addition, it is necessary to
achieve maximally «green» technical solutions
using alternative energy sources, classifying
energy consumers, and implementing such
technical solutions that have a reduced carbon
footprint [15].

The proposed «simplified» copy of the
technical solution of Elon Musk company is a
basic system that can be easily expanded and
enlarged to a multifunctional complex with the
following features:

* The roof of the complex is covered with
solar panels to organise energy supply not only
from the local power grid, but also from an
alternative source, and in fact the structure
itself is a «micro-power plant» with energy
storage devices (it is quite possible that there
will be enough energy to power the automation
objects, as well as neighbouring residential
buildings).

« It is possible to combine its functions with
electric charging for modern electric vehicles
from sources of «micro-power plant».

» Diagnostic equipment can be installed
under the floor of the structure respecting
clearance conditions for rolling stock traffic to
check the workload of wagons, the state of the
contact network (if the road is electrified).

+ Equipment for monitoring the integrity
of wagon seals, recognition of wagon numbers,
flaw detection of axle boxes can be installed on
the sides of the structure (it is possible to use
the technology of surface acoustic waves for
monitoring).

* Inthe area of intersection of the road and
railway (at the level crossing itself), devices for
control, technical diagnostics and monitoring
of the state of the level crossing, etc., are
installed.

Such functionality makes it possible to
integrate into a single facility a complex
technical «organism» that solves various tasks
and ensures the fault tolerance, safety of the
transport system, and comfort of movement of
car users.

Conclusion

The implementation of road overbridges in
«critical zones» of the intersection of roads and
railways can significantly optimise traveling in
large cities and regions with an established
infrastructure. At the same time, it is possible
to integrate the technical solution with mobile
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applications and navigation services in such a
way that queues for using the overbridges are
formed in advance and considered for routing
and route optimisation purposes. The social
effect of the use of car lift type road overbridges
in the conditions of dense urban development
in modern cities can also be of great importance.

The proposed solutions can be either
separate mobile applications or integrated
services as part of existing navigation and
banking systems. Such integration makes it
possible to simplify the user’s interaction with
the transport system, reduce time spent on
operations, provide more comfortable travel,
and, ultimately, optimise user’s time and
financial costs.

It should be emphasized once again that car
lift type road overbridges are not a mass
technical solution, but a toll increase in comfort
of transportation and a means allowing prompt
passage of emergency vehicles. In addition,
such a technical solution, having modular
design and suitable for rapid deployment, can
be useful for long-term planned work, for
example, related to reconstruction of crossings,
their closure for a long time, etc. The presented
structure for one- and two-track railway lines
can be erected as simply as possible. The travel

time is determined by a value % that depends

significantly on the types of car lifts installed,
speed of entering the lift, ascending, driving
along the corridor, descending, and exiting the
lift and, according to preliminary estimates,
should not exceed 1 minute. To avoid long
queuing, it is advisable to provide possibility to
pre-book the service; in some cases, to optimise
location of vehicles, it is advisable to build
specially equipped waiting lots in front of car
lift. All this, of course, requires further detailed
study, considering building conditions directly
at a construction site and economic effect
calculated additionally (which is influenced by
capital investments, service costs, user demand,
the ability to attract advertisers when using
mobile applications, etc.).

In conclusion, it should also be noted that
the suggested technical solution might be met
with caution by specialists responsible for
making decisions on the construction of
innovative transport facilities, and will quite
naturally require further study, but merits
attention thanks to its potential positive effects.
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