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Amutpuin IEBUH

Dmitry Yu.LEVIN

HepocraroyHslii y4eT HepaBHOMEPHOCTH
ABVDOKEeHUs1 noe3zoB rnpu npoeKTUpoBaHNn

Y PEKOHCTPYKUMUN CTaHLNA U y4aCTKOB
npusesn K aepuunty nyTen, npu
TEeXHUYECKOM HOPMUPOBAHUN — K 3aHMKEHUNIO
HeobxoAnMbIX pecypcoB, npu pa3paboTke
TEeXHOJIOrN4eCKUX MpPoLIeCCOB —

K HeonpasgaHHOMY 3aHKEHUIO rnoka3areseii
uT. 4. Ans oyueHkn HepaBHOMEPHOCTH
uesecoobpasHo UCIMOJIb30BaTh

Teopuio oyepeneii, KoTopas no3Bosser
aganTupoBaTh NMPOEKTHbIEe N HOPMAaTUBHO-
TexHosiornyeckme 4oKyMeHTbl. C MOMOLLbIO
MoaenupoBaHUs UCC/I€A0BaH peasibHbli
npouyecc noe3anHoli paboTbl, yTOYHEHb!
XapaKkTepucTUKu odepean noe3nqos, 4aHHbie
00 naMeHeHuUU rnokasartesievi Npy yBesinyeHnmn
WUHTEeHCUBHOCTU ABUXEHUS. ﬂonyquHble
pe3ysibTatbl NOBbILLAIOT JOCTOBEPHOCTb

¥ 060CHOBaHHOCTb MPUHUMAEMbIX PELLIeHWNI,
HOpPMUPOBaHUS NoKa3aresieii, onepaTuBHOIro
N1aHNPOBAaHWSA 1 yripaB/ieHUs Noe34HOoN

1 rpy3oBoi paboToii.

Kntoyessbie cniosa: xenesHas gopora,
ynpabJieHve iBU>XXKeHUueM, Teopusi

oyepeneri, HePaBHOMEPHOCTb MePEeBO30K,
MHTEHCUBHOCTb MOTOKA M0€3/0B, HACHILLIEHNE

Y epeHachiLLeHne y4actka noesaamm,
rPOEKTUPOBaHNE CTaHLMI 1 Y4aCTKOB,
HOPMaTnBHO-TEXHOJI0Orn4eckne JOKYMEHTHI.
|

® MUP TPAHCNOPTA 02°14

NPOBJIEMBI YTIPABJIE

15

Oyepenun Ha Xene3HoOM
aopore

Jleeun Jimumpuii FOpveeuu — xandudam mexnu4ecKux
Hayk, doyenm Kageopuvl «Ynpasnenue sxcnayamayu-
OHHOU pabomoti u 6e30nACHOCMbI0 Ha MPAHCHOpMe»
Mockosckoeo eocydapcmeeno2o yHugepcumema
nymeii cooowenus (MUHUT), Mockea, Poccus.

Jyepear Ha 00CTy>KMBaHKUE XapaKTep-

HBI IS BCeX 00J1acTeit mesiTeTbHOC-

TH yesnoBeKa. He cran uckimoueHneMm
U XeJe3HOMOPOXKHBIN TpaHcmopT. IlepBoe
yIIOMUHaHUE 00 oYepeasiX Ha POCCUMCKUX
XKeJEe3HBIX NOpOorax OTHOCHUTCS K KOH-
my XIX Beka [3], korga eXeromHo C OCEHU
10 BECHBI B MEPMOJ BbIBO3a Xjieba (3epHa)
B aZipec I0KHBIX U MPUOATTUNCKHIX TOPTOBBIX
CTaHLMI BO3HUKAIU CEPbE3HBIE 3aTOPHI
B IBMXXKEeHUM Toe3noB. [To3xke Takue ke cu-
Tyalluy CTaJu TOBTOPSITHCS U3-3a OXKMIAHUS
MpueMa rpy3oB K ITepeBO3Ke, 3aIePKKHU TeX-
HOJIOTUYECKHUX OMepaluii, OTIpaBIeHUS
MOEe3/10B CO CTaHILMI, MOJaYd BarOHOB
Ha Tpy30Bble GpoHTHI U T. 1. Ho crieumnanb-
HbIE UCCJIEIOBaHUS 3TOTO BOIIpOCca HEe IMPo-
BOJMJINCD.

[Toutn mosioBMHA BPEMEHU HaXOXIACHUS
BaroHOB Ha COBPEMEHHBIX COPTUPOBOYHBIX
CTaHLIMSIX — 3TO MEKOTEePalIMOHHBIE IIPOCTOU,
YacTo BaroHbI YacaMu, a TO U CYyTKaMu Mpo-
CTaMBalOT B OXKUIaHUM TIOAAYM Ha TPY30BbIC
GpoHTHI, Mepen moe3gaMu Ha ydacTKax He-
PEOKO IMOIOJTY TOPST KEJAThI U KpaCHBIN
OrHu cBeTo(popoB. Bece 310 HENMpon3BoaAUTE Th-
HbIe U3IEPKKU, Hed((HEKTUBHOE UCTTOIb30-
BaHME MOABMKHOTO COCTaBa M IMPOIYCKHOM
CIIOCOOHOCTU MH(PPACTPYKTYPHI.
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Puc. 1. UI3meHeHne NHTeHCUBHOCTHU ABVXXEHUS M0e3[0B B Te4eHue CcyTok: rpagpukoBoii (1) n paktnydeckori (2).

Pic. 1. Changes of train traffic intensity during the day: scheduled traffic diagram (1)
and effective train traffic (2).

1.

Ceituac opraHusaliysi BAaroHONMOTOKOB
OCYIIECTBIISIETCS Ha OCHOBE IJIaHa (hOpMUPO-
BaHUS, B KOTOPOM 11€J1eCO00Pa3HOCTh TOSIB-
JICHUSI COCTABOB BbIIEJEHHBIX Ha3HAYCHUM
OIpeAessieTCs TPeBbIIIEHUEM TTPUBEASHHOMN
9KOHOMUM B ITyTU CJIENOBAHUS OT MPOIycKa
0e3 mepepadboTKU Ha MOMYTHBIX COPTUPOBOY -
HBIX CTAHIIMSIX Hall 3aTpaTaMy Ha HAaKOTJIEHUE
COCTaBOB Ha CTaHLUU opMupoBaHus [4].
[Tpu aTOM prHUMaETCsI, YTO Bce chopMUPO-
BaHHbIE COCTaBBI CJCAYIOT CTPOTO MO rpacuKy
C OIMHAKOBBIMU 3aTpaTaMUu BPEMEHMU B ITyTH.
[Tpuyem 3aTpaThl BpeMeHU MOE3I0B pa3any-
HBIX HAa3HAYEHU I HE YUUTHIBAIOTCS.

[Tpu nmpoeKkTUpoBaHUM CTAHIIMIA U yJacT-
KOB, pa3paboTKe HOPMAaTUBHO-TEXHOJIOTUYE-
CKMX TOKYMEHTOB, TEXHUYECKOM HOPMUPO-
BaHUM TOKa3zaTeseil SKCIUTyaTallMOHHOM pa-
0OThl HEOOOCHOBAHHO UCXOMST U3 TOTO, YTO
MepeBO30YHBI MPOIIECC MPOUCXOIUT PABHO-
MepHo. B pesynbraTe Ha Xee3HOI0POKHOM
TpaHCIIOpTe — OCTpelIuii 1epUuT nyTei
Ha CTaHLIMSIX, HeXBaTKa IMPOITYCKHOM COCO0-
HOCTM Ha BaxKHEUIITMX HapaBJIeHUSIX, HEO-
CTaTOK MepepadaThiBamlIeil CTOCOOHOCTU
Ha COPTUPOBKE, 3arpy3ka MHOTMX TPY30BBIX
(POHTOB BhIILIE ONITUMAIBHOM, TIJTAaHUPYEMbIE
pa3Mephl IBUXKEHMS MOE310B YacTo OOJblie
HaJIMYHOM MPOMYCKHOI CITOCOOHOCTH y4acT-
KOB, HEpeaKO Ha CTaHLUIX GOPMUPYIOT
0oJIbLIIe COCTaBOB, YeM MOXKHO CBOEBPEMEHHO
00ecIeyrTh JJOKOMOTHBAMU.

OO11eit MpUYMHON BO3HMKHOBEHUS OUe-
pezeit Ha XeJIe3HbIX TopoTax SIBJISIETCSI HECO-
OTBETCTBME MOTOKOB I'Py30B, BATOHOB, COCTA-
BOB, ITO€310B U BO3MOXKHOCTEN UX OOCTYKM-

BaHUs. [laxke Korjaa cpeTHeCyTOUHbIN pa3Mep
TOTOKA MOXET He TIPEBBIIIATh TIPOITYCKHOM!,
nepepadaThIBalOLIEH, BBITPY30UHOI BO3MOX-
HOCTEe, ero HepaBHOMEPHOCTb U KOJIeOaHUS
BpeMEHU 00CTY>KUBaHUS BCE PABHO ITPUBOJIST
K OUYepeIsiM.

Hauano nccnemoBanusimM 1o HepaBHOMED-
HOCTU TIepPEeBO30YHOTO TIPOIecca TOJIOKMIT
npod. A. K. YrptomoB B 1968 rony [5]. 3atem
00JIbIIIOEe YUCIO MYyOJIUKALUUIA HA 3Ty TEMY
MoKa3ajio 00BEeKTUBHOCTH siBNeHus. Hampu-
Mep, B IIePBOIA ITOJIOBUHE CYTOK BBITPY>KaeTCsT
ToJibKO 20% BaroHoB. Ho KoHcTaTaIust oue-
BUJIHOI HEpaBHOMEPHOCTHU TIOKAa HE MEHSIET
cutyanuu. PeambHOCT 3HAUMTETHHO OTJINYA-
€TCST OT HOPMATUBHBIX YCIIOBUA.

IMoe3gHas pabota — TMIIMYHAas cUCTeMa
MaccoBoro obciyxuBanus. [loatomy mis
OIIEHKU JIBVDKEHUSI TTOE3/I0B 11eJIeCO00pa3HO
WCTIOJIb30BATh €€ XapaKTePUCTUKU:

— BXOJISIIIINH MTOTOK TIOE3/I0B, OTIpeesisie-
MBIII UHTEHCUBHOCTBHIO TTOE31000pa30BaHMS
U pacTpeie]IeHueM MHTePBAJIOB MTOCTYTIICHUS
COCTaBOB;

— CpeJICTBA CBSI3U T10 IBUKEHUIO TTOE3/I0B
(MexaHM3M 00CITY>KMBAaHWS), OTIPEICIISTIOIIIE
WHTEPBAJTBI MEXKITY TTO€30aMU, TIPOJIOJDKUATEITb-
HOCTb O0CTyXXUBaHUS (3aHATUS OJOK-y4acT-
KOB, TIEPETOHOB) U pacIipe/ieJIeHNe MeXITO-
€3[IHBIX NTHTEPBAJIOB;

— OpraHu3aIus IBUXKEHUS TTOe310B (I1C-
UTTMHA OOCITY>KMBaHUSI), OTpeesioniast
TIPUOPUTETHI TIPOITYyCKaA TTOE3/I0B.

Haubonee mpoCcThIM BBITJISIAUT PETYsIp-
HBII BXOASIIUI MOTOK, TPU KOTOPOM Tpedo-
BaHUS TTOCTYMAIOT IO OTHOMY B MOMEHTBI
BpeMeHU ¢ MHTepBajioM t. IHTEHCUBHOCTD
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Puc. 2. PacnpeneneHune xo[0BOM CKOPOCTU ABUXXEHUS
noes3foB Ha y4acTke.

Pic. 2. Distribution of running speed within a railway
section.
MOCTYIIJICHUsI TAaKOTO TTOTOKA paBHa o = 1/t
B equHuLly BpeMeHU. [IpuMepoM siBsieTcs
JBU2KCHUEC ITOC3O0B I10 paClIMCaHnI0, KOTOPOEC
TBEPAO BBIITOJIHACTCA IMaCCaXkKMPCKUMMU I10€-
3a1aMu.

CaMbIM pacnpoCTpaHCHHBIM CYMTACTCA
MOTOK, ITPU KOTOPOM TpeOOBaHUSI MOCTYIAIOT
COBCPIICHHO CJ'Iy‘IElfIHO — OTO TaK Ha3bIBac-
MBI TIPOCTEHILINIT BXOOSIINIA TMTOTOK TpeOo-
BaHuii. Ho ecnu paccMaTpmuBaThb JJIUTCJIbHbLIC
IEpnoabl BpEMCHU, TO Ha6J'[IOI[a}OTCH N3ME-
HEHUSA MHTEHCUBHOCTU ITOTOKA IMOEC3O0B
(puc. 1).

TTosTOMYy nBUXEHUE MPU PETYISIPHOI
I[CTCpMI/IHI/IPOBaHHOﬁ OCHOBE, OHpCI[CI[HCMOfI
rpadukoM, 1o cBoeit pu3rnuecKoi mpupoae —

MPOIIECC BEPOSITHOCTHBIN. Takoil MOTOK Ha-
3bIBaCTCS PEKYPPEHTHBIM U SIBJISIETCS 000-
OIIIeHUEM IBYX MPEIbIIYIIUX.

YcnoBus nmpomycKa moe3aoB Mo ydyacTKaM
OLICHUM XapaKTePUCTUKAMU OOCITy>KMBaHUSI.
Bo-miepBhIX, 3aTpaThl BpeMEHHM Ha IPOITYCK
IOe3/I0B IO 0JI0K-yJacTKaM M YJacTKy B Iie-
JIOM, TO €CTb JUIMTEJIbHOCTb OOCTY>KMBAHMSI.
JMATeIbHOCTD OTJIMYACTCS pacipeneacHueM
MPOAOJIKUTEILHOCTH 00CTyKMBaHMs. JIpyroii
XapaKTePUCTUKOU O0CTYy>KMBaHUS BBICTYIIAET
MPOITYCKHAsI CTIOCOOHOCTD YJacTKa, OHa OIpe-
JeJIsIeTCsl MAaKCUMaIbHBIM YHCJIOM ITO€3/I0B,
KOTOPOE€ MOXKET MPOIIYCTUTh 3TOT OTPE30K
IMyTH 3a eIUHUIY BpeMeHU. TpeThbsl KauecT-
BEHHasl yepTa 00CIy>KUBaHUS — JOCTYITHOCTb.
Kene3HomopoXXHbIE yIaCTKU SIBJISTIOTCS 10T~
HOIOCTYITHBIMU CUCTEMaMHU.

2.

[1poaoKUTETBHOCTh 3aHATHS TT0E€3IaMU
OJIOK-YJaCTKOB M TIEPErOHOB 3aBUCHUT OT XO-
JIOBOW CKOPOCTH. [IjIs1 TOrO YTOOBI peann3o-
BaTh YCTAHOBJICHHYIO CKOPOCTh U BHIITOJTHUTD
Ipyrre HOPMaTUBHI rpaduka ABUKCHUS,
roe3zia JOJIKHBI CIeI0BaTh «IOJ 3eJeHbII
Ha 3eJIEHBI» OTOHB IIyTEBOTO CBETO(hODA, T. €.
[MOKAa3aHUsI CBETO(OPOB HE TOJKHBI MEHSTh-
s repe moe3aamMu. DTO YCIAOBHUE BBITOJHS -
eTCsl TP PACCTOSTHUM MEXKIY TToe3aaMu bosee
Tpex OJOK-yJaCTKOB JJIsI TPEX3HAUHOM aBTO-
00KUpOBKU. YeM MeHbIIIe TIOTHOCTh MOTO-
Ka T0e3[0B, TeM CBOOOIHEE CeOsT YYBCTBYIOT
MAIIMHUCTBI, TEM BBIIIE CKOPOCTh OHU Pa3-
BUBAIOT.
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Puc. 3. Peakumns yyacTka Ha yBesin4eHUe BXOASILLLero rnoToka rnoes3zAos.

Pic. 3. Reaction of a railway section to the growth of incoming train flow (horizontal axis — incoming flow n, trains

per day; vertical axis — outcome flow n, trains per day; top — zones of reaction: (three columns entitled in the top

from left to right — positive, zero, negative sectors; left column underneath entitled «saturation»; middle column
not entitled; right column entitled «oversaturation»).
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PacmngpoBka cKOpoCTEMEPHBIX JIEHT
moKasaja, YTO MallIMHUCTHI TPY30BBIX ITOS3I0B
ITOYTH BCETA CJIEAYIOT CO CKOPOCTBIO MEHbIIIE
PacyeTHOM MJIM YCTAaHOBJIEHHOM IpeayIpe-
XKrneHueMm o6 orpanuueHuu (puc. 2). Ilpu
cJIeJOBaHUU 110/ 3eJIeHbII Ha 3eJIEHbI OTOHb
ITyTEeBOI0 CBeTO(hOpa, KOTAa pACCTOSTHUE MEK-
Iy moe3gaMu 0oJiee TpeX OJI0K-Y4acTKOB,
pacyeTHast HopMa X0I0BOI CKOPOCTH B CPeJi-
HeM He BbInosiHseTcss Ha 20%, a rpaduko-
Bast — Ha 8%. Eciu paccTosiHue MeXIy Imoe-
3MaMu MeHee TpexX U 0oJiee NBYX OJI0K-y4acT-
KOB U YacCTb IIyTH OHU CJCAYIOT Ha KEIThIMI
Or'OHb, CPEIHSISI CKOPOCTh COOTBETCTBEHHO
HIKe HOpMbI Ha 46% u 38%, mociie mmpociie-
JIOBaHUS K€ MyTeBOI0 CBeTO(Opa ¢ XKEAThIM
orieM — Ha 63%. @akTuveckass CKOPOCThb
JIBVDKEHUSI TIOE3I0B OTJIMYAETCS OT paCYETHOM
B mMpokoM auara3oHe ot 0,2 go 1,2. boib-
IO pa30poc OOBSICHSIETCS MpeXae BCETO
pa3Hoii KBaM(pUKauueil MaIIMHUCTOB, HEO-
JMIMHAKOBO PearupymroIrux Ha MOKa3aHUs CBe-
To(OPOB, 3aYaCTYIO OCYIIIECTBIISISI IPEXKIEB-
peMeHHOE TOPMOXKEHUE.

IIpakTuka moxa3bIBaeT, YTO MAITMHUCTHI
BEIyT Moe3/1a ¢ MAKCUMAaJIbHO JOITyCTUMOM
CKOPOCTBIO JIUIIb B UCKITIOUNTEIbHBIX CJTyda-
SIX 1 KPaTKOBPEMEHHO, TaK KaK 3TO COIPsSTKe-
HO C Ype3MEpPHO HAMNPSKEHHBIM PEKUMOM
paboThl OpUraabl, arperaToB JOKOMOTHBA
U TIOBBILIEHUEM Pacxoja 3JIeKTPOIHEPIUU
u TorutnBa. CylliecTBEHHBIE MOTIPaBKU B (hak-
TUYECKUIA AMAIIa30H CKOPOCTEM IBUKEHMUSI
BHOCST MOTOIHBIC YCIOBUS, MPOGUIIb U TJIaH
IyTH, COCTOSIHUE JIOKOMOTHBA.

Jl1o60e cHMXXEHUE CKOPOCTU ABUKEHUS
ITOE310B 10 CPAaBHEHMIO C PACUETHOM /17151 JaH -
HOTO y4JacTKa, a TeM 0oJiee IepephiB B IBIKE-
HUU TIPUBOISIT K MOTEPSIM B MCIIOJIb30BAaHUM
MPOITYCKHOI CITOCOOHOCTH U COOTBETCTBEHHO
K 9KOHOMUYECKUM MOTEPSIM. 3afepKKH Ioe-
3[I0B Ha MeperoHax BhI3bIBAIOTCS: HECUHXPOH -
HOCTBIO ABMKEHUSI TIOE€30B, HECBOCBPEMEH -
HBIM OTKPBITUEM CHUTHAJIOB Ha CTaHIIUSIX,
BO3HUKHOBEHMEM HEUCIIPABHOCTEI MOIBIIK-
HOTO COCTaBa M TEXHUYECKUX YCTPOUCTB, TIe-
PEHACHIIIIEHUEM YUAaCTKOB ITOe31aMU, HAJTMY Y-
eM IpeaynpekaeHuit 00 OorpaHUICHUN CKOPO-
CTU IBUXKEHUS U MPOITYCKOM OITa3IbIBAIOIIINX
MacCaKUPCKUX MOE3I0B.

[Tpu HEeCMHXPOHHOCTU ABWXKECHUS TTOe3/1a
CJICTYIOT BMECTO 3€JICHOTO Ha XKeJIThIH, a YacTo
M Ha KpacHBbI oroHb cBeTodopa. Tak, eciau
a4yKa ITOe3/I0B CJIEAYET C 6-MUHYTHBIMM MEXK-

MOE3AHBIMM MHTEPBaJaMM U OIUH M3 JOKO-
MOTHMBOB CHU3UT CKOPOCTb MPOTUB CPeaHEH
rpacduKOBOIT BCEro JUIIb Ha 5 KM/4, UAYIITAI
3a HUM 1moe3]1 yepe3 1,5 MUH Mogoiier K cBe-
TodOpYy C KeAThIM orHeM. HecmHXpOoHHOCTD
CJIeOBaHUS OOBSICHSIETCS TEM, YTO MAIIIMHU -
CTBI MOJIb3YIOTCSI pacIMCaHueM IBUKEHUS
M0e310B, B KOTOPOM yKa3aHO TOJIbKO BpeMsi
xofa 1o rneperoHaMm. CKOpOCTb ClIeI0BaHUS
Ha pa3IUYHBIX 3JeMEeHTaX NpoGuas MyTu
OMpeNesIIOT 3KCIEePTHO, BBIOOP pexXuma
IBUXKEHMS BO MHOT'OM 3aBHUCUT OMSITH XKe
OT KBaJIM(UKALIMU MAIlIMHNICTOB.

Ha 3amep:kku 1moe3noB mpu BOSHUKHOBE-
HUM HEUCIIPaBHOCTEIl BaroHOB, JTOKOMOTH-
BOB, TTyTH, ycTpolictB CLIb 1 cBs31, KOHTaK-
THOM CETU U T. M. BIUSIOT CPEACTBa CBS3U
M0 NBUKEHMIO MOE3I0B, YUCJIO INIABHBIX ITy-
TEW, BUJ TSITU, MEXIIOE3IHON MHTEPBAJI U KO-
JIMYECTBO TMacCaXXUPCKUX MapiipyToB. OTKa-
3bI B pab0Te TEXHUYECKUX YCTPOMCTB COKpa-
IIAI0T HAJTUYHYIO IPOMYCKHYIO CIIOCOOHOCTD
y4acTKOB 110 15%.

3.

dakTryecKoe YMCI0 MpeaynpexaeHuin
00 orpaHMYEHMU CKOPOCTH JBMKEHMUS I10€-
3]10B Ha MHOT'MX Y4acTKaX CeTH OOJIbIIIE, YeM
npeaycMoTpeHo rpacdpukoM. O0IIee paccTos -
HUE, IIPOXOAMMOE ITOE3[I0M C OTpaHUYCHUEM
CKOPOCTH lom, pPaBHO CyMMe ITPOTSDKEHHOCTH
JICHACTBUS IIPEAYTIPEXKICHUS lnp, JUTMHE T10e3/1a
1 ¥ paccTosHus, NPOXOAMMOTIO C TIOHWXKEH-
HOI CKOPOCTBIO V_ € YYETOM 3aMEICHHS
M pa3roHa Itoe3/a 1o 1 Iocjie MecTa, e Or-
paHMuYeHa CKOpOCThb. PaccTrosiHue ¢ orpaHu-
YyeHMEeM CKOPOCTHM B CpeaHeM B 2,5 pasa
00JIbllle TMPOTSIXKEHHOCTH MYTU NEUCTBUS
MpeaynpekaeHUsI. AHaJIN3 CKOPOCTEMEPHBIX
JIGHT moKa3ajl, 4yTo (hakThuieckasi CKOPOCTh
HUXE YCTAHOBJICHHOM IpenyInpexaeHueM
B cpenHeM Ha 20—25%. KonuyecTBo Moe3nos,
Ha KOTOpPbIE BIMUSICT OrpaHUYCHNE CKOPOCTU
Ha IOIX0/e K MECTY €ro JICUCTBUS:

S P oy L )

v, v I=1 =pL ) ’
TIe v,  — CPEIHsIsl CKOPOCTb ABUXKCHMS TOe-
3710B, KM/4; | — MeXII0e31HOII MHTEpBall, 4;
P — MUHMMAaJbHOE YUCJIO 0JIOK-y4acTKOB,
pa3rpaHMYMBAOIINX I10€3/1a, IIPU KOTOPOM
00eCIIeYeHO YCTOMYMBOE ABMKEHIE Ha 3eJ1e-
HBIIl OroHb cBeTOdOpa (JUIsI TpeX3HAYHOM
aBTOOJIOKUPOBKU p = 3); L6>y — CpeaHsIs AT~
Ha OJIOK-yJacTKa, KM.
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Puc. 4. NMoeagonoroku: 1 —
noaxoasawmii; 2 — BXOASLNNA; 3 —
BbixoasiLLmii ¢ yyacTtka A — bB.

Pic.4. Train flows regarding
section A — B: 1 — approaching,
2 - incoming, 3 — outcome flow.

[
|

Puc. 5. 3aBucumocts paamepos
ABuxeHns Ha nogxoae (1),
BxoAe (2) n Bbixoae C y4acTka
(3) OT MHTEeHCUBHOCTH NOTOKa
noesnos.

Pic. 5. Dependency of traffic
volume for a railway section at
the approach (1), entrance point
(2) and coming out point (3) on
intensity of train flow.

PaBMep JBHKCHUA, IIOC310B

[Iporryck ona3apIBarOIIMX MacCakUPCKUX
MOe3I0B 3aaepxuBaeT aBmxeHue 10—15%
IPY30BBIX.

Hapsiny ¢ ¢hakTropamu, oTpuIiaTeabHO
e CTBYIOIIMMHU Ha BHITTOJIHEHUE Tpaduka
JIBUXEHUS, €CTh M MOJOXUTEIbHbBIC, IIPe-
JKJI€ BCETO pe3ePB MOIITHOCTHU IOKOMOTUBOB
MpU CJAeAO0BAHUU C HETIOJHOBECHBIMHU I10-
e3namu. PaKTUYECKU CPEIHUI BEC MTOE30B
Ha 10—15% MeHbIlIe HOPMBI, YTO ITO3BOJIS -
eT UM UATHU C OOJIbIICH CKOPOCThIO, YeM
npeaycMoTpeHo rpadukoM. Ho kak moka-
3bIBA€T aHaAJM3 CKOPOCTEMEPHBIX JICHT,
M3-3a OTCYTCTBUS B3aMMOIEUCTBUS M-
CIETYEePCKOro armapara ¢ JOKOMOTUBHBIMU
OpuragamMy BO3MOXKHOCTD 3Ta HE peaiusy-
eTcsl.

JpyruMu BO3MOXHOCTSIMUA YMEHbBIIICHUS
BJIMSTHUS 3aIep3KeK Ha BBITIOJTHEHME Tpachuka
JBIDKEHMS SIBJISTIOTCSI COKpAIlleHNe BPEMEHH
IPOCTOSI COCTABOB Ha CTAHIIMSIX TEXHUYECKO-
ro o0cayXuBaHusI (B HEKOTOPBIX IOe30ax
MOTPEOHOCTh B PEMOHTE MOXET BOOOIIE OT-
CYTCTBOBATbh) M MCMOJb30BaHUE CBOOOIHBIX
«HHUTOK» TpaduKa IJIsi YCKOPEHUS TIPOITycKa
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noe3noB. M3MeHeHMe mopsiaKa IIpoIyckKa
IOE€3/10B Ha OJTHOMYTHBIX y4acTKaX coKpalia-
€T YMCJIO CKPEIICHUI ITOe3M0B 1 TTPOIOIKM -
TEJIbHOCTh MX CTOSTHKM Ha CTAHIIMSIX 110 CPaB-
HEHUIO C MAKCUMAaJIbHBIM TPaUKOM.
Pemaromee 3HaueHue 1JIsI COKpaIlleHUs
3allepKeK MOe3I0B UMEeT ONTUMU3ALIUS pe-
T'YJIMPOBaHMS 3aTPY3K0i1 y4aCTKOB M CTAHIIWIA.
Kemanue nponycTuTh GOJIbIIE MTOE3I0B,
YeM T10 HOPMaM CITOCOOEH YUacCTOK, ITPUBOIUT
K 00paTHOMY pesynsraTy (puc. 3) [6].
HayvanbHbIi1 y9acTOK 3TOM 3aBUCUMOCTHU
MOXKeT OBITh allIIPOKCUMUPOBAH JIMHEHOI
(byHKIIME U COOTBETCTBYET MOJIOXUTEIb-
HOI €ro peaKIMy Ha BO3pacTaHUE MHTEH-
CMBHOCTH BXOJISIIIETO ITOTOKA ITOE30B, T. €.
J1000€ yBeJIMYEHUE BXOJMSIIEro IMOTOoKa
MIPUBOJAMUT K BO3PACTAHUIO BHIXOMISIIETO
IMOTOKA. Y4aCTOK COXPaHSIET MOJOXUTEIb-
HYIO peakIMIo J0 TeX Iop, IMoKa He OynaeT
JIOCTUTHYTO COCTOSTHME HACBIIICHUS I1O¢-
3namu. [locie aToro nanbHeiilee yBeaude-
HUE MHTEHCUBHOCTHM BXOJSIIEr0 MOTOKA
MPaKTUYECKU HE IIPUBOIUT K BO3pAaCTaHUIO
BBIXOJISIIIETO IMOoTOoKa. [Ipu mocTUXeHUU
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Puc. 6. 3aBUCUMOCTb MEXAY UHTEHCUBHOCTBIO
u pasmepamu AiBUKEHNSI Ha Noaxoae K y4acTKy.

Pic. 6. Interdependency between intensity and traffic
volume at the approaches of the section.
COCTOSTHUS MepeHaChILEHUS JII000E yBEIr-
YeHUEe MHTEHCUBHOCTH BXOISIIETO MOTOKA
MOE30B COKpAIIaeT pa3MeP BBIXOISIIETO.

Ho xpome BXoAsIIero u BHIXOASIIEro Mo-
TOKOB €CTb ellle ¥ MOAXOASAIIUI (TTOABOIM-
MBIiT) K Y9aCTKY TIOTOK TT0e310B (puc. 4).

C ITOMOIIBIO UMUTAITMOHHOTO MOICITNPO-
BaHUS JBUKEHUS MOE310B HAa pealbHOM
y4acTKe yAaa0Ch 3arJISIHYTh BIJ1yOb OE3IHO
paboTsl. PaccMaTpuBaioch NOCTENEHHOE
yBeJIWYCHNEe MHTCHCUBHOCTU (YMEHBIICHIE
MEXITO€3IHOTO MHTepBaja) MOAXOISAIIETO
K y9acTKy MOTOKa Imoe3moB (puc. 5). I[Ipn
HeOOJBIIMX pa3Mepax ABMXKEHUS MOIXO/IsI-
LW, BXOOSIINI U BBIXOASIIIIAN ITOTOKU ObLIN
PaBHBI U OJMHAKOBO JIMHEMHO BO3pacTalu.

JIOCTUTHYB TOYKM HACBILIEHUS ydyacTKa
noesgamu (I Ha puc. 5), mpu manpHelIeM
YBEJMUYEHUU MHTEHCUBHOCTHU IOTOK MOeE-
3710B Ha TTOJXOJIE€ M BXOJI€ Ha YYaCTOK IIpPO-
JIOJIKAeT JIMHEWHO Bo3pacTaTh A0 Touku I1.
Ilocne npu gajibHellIeM COKpalleHUU
MEXITO€3THOTO WHTEpBajia MOTOK MOE310B
Ha MOAXOJI€ K y4aCTKY JMHEWHO BO3PACTaET,
a BXOJSIIMEI, XOTS TOXe BO3pacTaeT, HO He-
JIMHEHO U Ha MEHbIIYIO BeJIMUUHY. BbIxo-
NN C y4acTKa MOTOK ITOE3I0B MOocCie
ToukHu | HEIMHEHO 3aMeIsIET POCT J0 10-
CTUKEHMSI MAKCUMAaJILHOTO 3HAYE€HUS B TOYU-
ke I1I, mocie KkoTopoii HaUMHAET HeJINHe -
HO yMEHbIIAThCS.

4.

Bossparasich K peabHOMY y4acTKYy, pac-
CMOTPMM M3MEHEHNE BEJIMYMHBI ITIOTOKA I10-
€3[10B U XapaKTEPUCTUKU UX OUepear Ha MO~
XO0Jie, BXOJIE M BBIXOJIE C yJacTKa.
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Puc. 7. 3aBuCUMOCTb MeXAY UHTEHCUBHOCTBIO
noaxoza noe3noB U pasMepamm ABWKEHNs Ha BXxoae
y4acrTka.

Pic. 7. Interdependency between intensity of

approaching trains’ traffic and traffic volume at the
entrance point of a section.
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Puc. 8. 3aBucUMOCTb MEXAY MUHTEHCUBHOCTbIO
noaxopa noesnos v pa3mepamu 4BUXEHUS HA BbIXoLe
C yyacTka.

Pic.8. Interdependency between intensity of
approaching trains’ traffic and traffic volume at the
coming out point of a section.
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Puc. 9. BansHne NHTE@HCUBHOCTH rogxoAa rnoe3qos
Ha cpeHIoI0 AJINHY o4Yepean noe3aos nepes
y4acTKOM.

Pic. 9. Impact of approaching trains’ intensity on the
average length of train queuing in front of a section.
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Puc. 10. Bamsume MHTEHCUBHOCTU NMOAXo4a rnoe3[os
Ha MaKcumMarsibHyIo AJINHy oYyepeAau rnoes3aos rnepes
y4acTKom.

Pic. 10. Impact of approaching trains’ intensity on the
maximum length of train queuing in front of a section.
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Puc. 12. BnnsHne MHTEHCUBHOCTH NnoAxoAa rnoe3nos
Ha ypOBeHb 3arpy3Kku y4acTKka.

Pic. 12. Impact of approaching trains’ intensity on the
level of a section’s loading.

ITpu cokpallleHuM MeXKITOe3HOT0 MHTEP-
BaJla Ha IMOAXOME K y4acTKY:

— JIMHEHHO YBEJINYMBACTCS MHTCHCUB-
HOCTb IBVDKEHUS ITOE3/I0B Ha ITOIXO/IE K yJacT-
Ky (puc. 6);

— JIMHEHHO YBEJIMYMBACTCS MHTCHCUB-
HOCTh BXOJISIIETO MOTOKA IMOE3I0B 10 TOY-
ku 11, mocie KoTopoii 3aMeuIsIeTCst HeJIMHEe -
HOE YBeJIMYeHUE MHTEHCUBHOCTHU (puc. 7);

— JIMHEHHO YBEJIWYMBACTCS MHTEHCUB-
HOCTb BBIXOJISIIIETO ITOTOKA IMOE3I0B JI0 TOY-
ku I, mocne xotopoit no Touku III (Makcu-
MaJibHOE€ 3HaYeHUE pPa3MEePOB IBUXKEHUS
Ha y4acTKe) 3aMelIsIeTCs] HeJIMHeiTHOe yBe-
JIMYEHHUeE, a 3aTeM ITOTOK IT0e3/10B HEJIMHEITHO
yMeHblaeTcs (puc. 8);

— YBEJIMYMBACTCS CPEIHSIST IIMHA OUepeIn
M0e3M10B Ha MOAX0/E K yJacTKy (puc. 9) 1 Mak-
cuMasbHas JyiuHa ouepeau (puc. 10);

® MUP TPAHCNOPTA 02
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Puc. 11. BanussHne MHTEHCUBHOCTU rnoaxoAa noe3aos
Ha cpegHee BpeMsi HaXOXAEeHNs1 ux B o4epenu nepes
Yy4acTKoM.

Pic. 11. Impact of approaching trains’ intensity on the
mean time of train queuing in front of a section

— cpeaHee BpeMsl HaxOXICHUsS TT0e3/10B
B ouepeau (puc. 11);

— BO3pacTaeT 3arpy3ka ydactka (puc. 12).

[pu yBemMueHNN HACHIIIIEHHOCTH yJacTKa
rmoe3naMy BO3pacTaeT UX BIAUSHHUE APYT
Ha Ipyra, ¥ OHU BCe Yallle CJICAYIOT Ha XeThIi
U KpacHbIit curHalibl cBeTodopa. B pesynbra-
T€ CHUKAETCST CKOPOCTD IBUKEHUSI. YBEITMUM -
BaeTCs BpeMsl 3aHSTHS ITOe31aMu OJI0K-yJacT-
KOB, BOBHUKAET 1 BO3PACTaeT OUepPe/Ib B OXKM-
JTAHWU TIPOITyCKa IT0 YYaCTKY.

Ha paccmarpuBaeMoM y4acTKe YCTaHOB-
JIEH MEXTTOe3IHOM MHTepBaJl 6 MUH.

[Tpu MopenMpoBaHUM OYepenb IMOE3T0B
Tepest y9acTKOM BO3HUKaJIA yKe TTPU MEXKIT0-
€3MHOM MHTepBajie 8§ MuH. MoaenupoBancs
MEXITO€3THOW WHTEePBaJI U MEHbIIE, YeM
BCTpeuaeTcs Ha ITpaKTHUKe, HO 1 TOT/Ia 3arpy3-
Ka yyacTka He gocturana 1 (puc. 12). Or1o
OOBSICHSIETCSI TEM, UTO HE BCTpedaeTcsl MOTOK
W3 TPY30BBIX ITOE3/I0B C OMHOPOTHBIMU TEXHM -
YECKMMU XapaKTepUCTUKaMU, KaK 1 Malllu-
HUCTBI IOKOMOTUBOB — C OMMHAKOBBIMU Ha-
BbIKaMU BoXeHUs. KpoMe Toro, 1mpu BBICO-
KOl MHTEHCUBHOCTH JIBUXEHUS TOE3I0B
TTOTOK CTAHOBUTCS YPE3BbIYaiHO HECTAOUITh-
HBIM.

7151 Tyd11ero ucroib30BaHMsT HaTMIHOM
TPOTYCKHOI CITOCOOHOCTH Y4acCTKOB HEO0XO0-
MM «ITOJIITOP» TTOE3MI0B, T. €. UX ouepeab
Ha rojxoe. JJ1st Kakaoro yaacTka CyIecTBy-
€T palMoHa bHasl [UTMHA OYepeIu TOe3/I0B,
KOTOpasl TOJDKHA YIUTHIBATHCS TIPU HOPMHU-
POBaHWM U OTEPATUBHOM TIJIAHUPOBAHUU
noe3aHoi paboTel. ONTUMU3UPOBATH JIUHY



oyepeny MO3BOJISIET yIpaBIeHUE COCTaBOO-
Opa3oBaHMEM Ha COPTUPOBOYHBIX CTAHIIUSIX.
JlanpHelinee ucciegoBaHue oyepeneit
Ha XXeJIe3HBIX TOPOrax MO3BOJIUT (hopMaIn30-
BaTh BJIMSHUE HEPAaBHOMEPHOCTU Ha BCe
MPOILIECCHI AKCILTyaTallMOHHOM pabOThI U UC-
ITOJIb30BaTh BBISIBJICHHBIC 3aKOHOMEPHOCTH:

* TIpY IPOEKTUPOBAHUM CTAHIIUA, yIacT-
KOB, I'PYy30BBIX (DPOHTOB U AP.;

* IpU pa3pabOTKe HOPMATUBHO-TEXHOJIO-
TUYECKUX JOKYMEHTOB (IpadhrKa ABUKEHUS,
I1aHa (hOpMUPOBAHUS TTOE3M0B, TEXHOJOTHU-
YECKUX MPOLIECCOB PabOTHI NMPEANPUITHIA);

* TIpY TEXHUYECKOM HOPMUPOBAHUU K-
CIUTyaTallMOHHON paboThI;

* IIpU ONEPATUBHOM IJAHUPOBAHUU
U YIIpaBJIEHUHU TTIOE€3IHOM 1 rPy30BOIi pabOTHI.
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TRAIN QUEUING AT RAILWAYS

Levin, Dmitry Yu. — Ph.D. (Tech), associate professor at the department of operations management and
transport safety of Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Insufficient consideration of irregularity of train
traffic causes lack of tracks at the stage of designing
and reconstruction of stations, underestimation
of resources during development of technical
specifications, and underestimation of indices
during development of technological processes
etc. In order to evaluate irregularity of train traffic
the article proposes to use the queuing theory that
permits adapting necessary documents used for
design and establishing of technological standards.
The research used simulation to study real process of
train operations, to obtain features of train queuing,
to analyze changes of indices that depend on traffic
intensity growth. The achieved results can contribute
to increase of veracity and validity of decision-making,
operation planning and freight and train operation
management.

ENGLISH SUMMARY

Background. Queues to obtain service are
characteristic of all the spheres of human activities,
and railways don’t make an exception. Queues at
Russian railways were first mentioned at the end of
19" century [3], when bottlenecks happened yearly
from autumn to spring during the period of forwarding
of grain towards southern and Baltic ports. Later
the same situations repeated due to expectation of
acceptance of goods intended for forwarding, to
delays in technological operations, in train departures,
in bringing up of trains for loading etc. But still this
problem was not studied.

Almost a half of time that the cars spend at modern
classification yards is explained by interoperation
demurrage, which causes non-productive extra costs,
inefficient use of rolling stock and of transit capacity
of railways.

Now the organization of rail cars’ flows is
accomplished on the basis of the plans of train making-
up. Practicability of making up of trains intended
to go to certain destinations within those plans is
determined by surplus of reduced savings received
from making up of trains which go directly to their
destination without handling at transient classification

yards as compared to costs of cumulating of trains at
the station where making up of trains is accomplished
[4]. It is assumed that all the made-up trains
afterwards strictly respect the schedule and their time
in transit for the same destination is always the same.
And the time spent by trains of different destinations
isn’t taken into account.

During station and track section designing,
technical regulation, developing of standards one
usually groundlessly proceeds from the assumption
that traffic process is regular. As the result the article
notes deficiency of station tracks, lack of transit
capacity at important mainlines, loading of freight
handling facilities over optimum level, deficiency of
handling capacity of classification yards, and that
scheduled volumes of train traffic exceed present
capacity of railway sections, the number of made-up
trains exceeds the number of available locomotives.

The general cause of emerging queues is the
inconformity of cargo, cars», trains’ flows with
capacity to rend relevant services. Even when mean
daily volume of flow does not exceed transit, handling,
unloading capacity, its irregularity and fluctuations of
service time cause queues.

The studies of irregularities of traffic process
were begun in 1968 by professor A. C. Ugrumov [5].
Then an important number of publications showed the
objective character of that phenomenon. For instance
only 20% of cars are unloaded during the first half of a
day. But declaration of evident irregularity has not yet
changed the situation. Reality differs from regulations.

Objectives. The objective of the research was
to reveal main laws and to determine the impact of
irregularity of traffic process on different aspects of
organization of train and freight operations.

Methods. The main method that was used for
research was mathematical simulation (supported
by some tools as for instance approximation by linear
function).

As the train operation is a typical system of waiting
(queuing) theory, then some of its characteristics
were used to assess train traffic:

—incoming flow of trains is determined by intensity
of making-up of trains and distribution of intervals of
arrival of the trains;
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