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MOIEJMUPOBAHMUE INIEPEBO3OYHOI'O ITPOLHECCA B YCJIOBUAX
OIITUMUBALINU U DHEPI'O®PPEKTUBHOCTHU NIEPEBO30K

B paboTe BBINMOIHEHO MOJETMPOBaHNE ABWKEHUS ITOE3/10B 10 JHcIeTYepckoMy ydacTky Kamenckoe — Bepxos-
LIEBO C 1IENBI0 Pa3pabOTKN YHEPrOONTHMAIBHOTO TpaduKa ABMKEHHS 1M0e3710B. I1oa sHeproonTUMaIbHbIM TOHHMA-
eTcsl Tako rpauK IBMKEHUS, TIPU KOTOPOM BBINTOJTHSIOTCS TIEPEBO3KH 3aIJIAHUPOBAHHBIX 00BEMOB ITACCAKUPOB U
TPY30B ¢ MHHUMAJIBGHBIMH 3aTpaTaMH 3JIEKTPO’HEPTIUH, CBA3aHHOW C TATOBBIM OOECIIEYEHHEM JIOKOMOTHBOB IpPH
Oe3ycioBHOM obecrieueHnH 0e30macHOCTH JBIDKeHUS. [IpoBeeHHBIM MojenMpoBaHHeM pabOoThl JUCHIETIEPCKOTO
y4JacTKa yCTaHOBJIEHO, YTO YBEJIMUCHHE KOINIECTBA MIOE3/10B MPUBOINT K CHIDKCHHIO MEXITOC3THBIX HHTEPBAJIOB Ha
BXO/I€ M BBIXOJIE C TUCTIETYEPCKOT0 yJacTKa.

JlomycTuMoe HachIIIEHNe JUCTIETIEPCKOro yJacTKa Moe3[aM1 OKa3bIBAET BIMSHUE HA NIOKA3aTeNIN TEXHIIECKO-
O I1aHa paboTel. Ero He0O6X0AnMo OLIeHHBATh € TOMOIIBI0 KO3 GHUIMEHTa 3arpy3KH YIaCTKOB. Y BEIMYCHHUE YnCIa
MOE€37I0B Ha YJacTKe NPUBOJNT K YBEIHUYCHUIO BPEMEHH HX ABIKEHHS. B TO jxe BpeMs ¢ yBelMUeHHEM KOJINIeCTBa
OTHPaBJIIEMBIX Ha YIACTOK ITO€3/I0B IIPHBOJIUT K YMEHBIIICHUIO BpEMs OXKHUIAHUS NX OTIPABICHUS CO CTAHIIHH.

AHanu3upys yCIOBHs IBIKECHUS TI0€3/I0B 110 TUCTIeTYepcKoMy ydacTKy KameHckoe — BepxoBiieBo ObutH OTME-
YeHBI BO3MOXKHBIE TPH BapHaHTa padoThI ¢ moe3namMu: 3¢ (HEKTUBHBIN; cIerka TsHKEIbI U 0ueHb TsoKenslid. [Ipu wc-
TOJIb30BaHUM 3()H(HEKTUBHOTO M CIIETKa TSHKEIOro BapuaHTa pabOThl HEOOXOJUMO COOTIONATh CYIIECTBYIOIINE HOP-
MaTHBHI rpaduka. [Ipy NporHO3MpOBaHUN OYEHB TSHKEIOr0 BapHaHTa pabOTHl HEOOXO0IUMO pa3paboTaTe MEpOIPHS-
THsI, HEOOXOMUMBbIE JJIs1 YMEHBIICHHUS NTEPEHACHIIEHHS yYaCcTKOB IT0€3/IaMH M BOCCTaHOBIICHNE 3P PEKTUBHOTO Ba-
pHraHTa paboTHI.

Kniouesvie crosa: MonenupoBaHue ABWKEHUS TT0E3/10B; HACHIIICHNE TUCIIETYCPCKOT0 yYacTKa IT0e3/1aMHt; Ycio-
BUSI pabOTHI TUCTIETYEPCKOT0 y4acTKa

BBenenue Y4YacTKaM C Y4YE€TOM aJanTalMid €ro K IJIaHOBBIM
o0beMaM IepPEeBO30K Ha JKEIEe3HOAOPOXKHBIX IOJHU-

LIGJ'H:IO u 3a;[aqei/'1 HUCCICAOBAHUA ABJISACTCA MO-
TOHax.

ACIIMPOBAaHUC JBUIKCHUA MOC3J0B IO AUCHICTYUCP-
CKHMM Yy4YaCTKaM C IICJIbIO paBpa6OTKI/I OHEProOnTU-
MaJIBHOI'O rpa(l)mca JABYDKCHUSA ITOC310B.

O0BeKTOM HUCCICOAOBaHUA ABJIICTCA CIICA0BA-

ITocTranoBka 3agaun

Onep aTUBHAsg OKCILTyaTallMOHHas o0cTaHOBKA

HUE M0E3/10B M0 JUCIIETYEPCKOMY YUIACTKY.

IIpenmeroM uccinenoBaHus SBISETCS ONpeEre-
JICHWE MEXIOE3HbIX MHTEPBAJIOB HA JTUCIETYEpP-
CKOM Y4YacTKe, MO3BOJISIONIMX BBINOIHATH YHEPIo-
OITUMAaJIBHBIH I'pauK IBUKEHUS [TOE3/I0B.

HayuHas HOBH3Ha COCTOMT B TEOPETHYECKOM
UCCIIEIOBAHUN M MOJEIUPOBAHUHU JIBUKEHHS IO-
€3/10B 110 JTHUCIETYEPCKOMY YYacTKy B JHEProomn-
TUMAaJIbHOM PEKUME.

IIpakTHueckass 3HAYMMOCTb 3aKJIIOYAETCS B
pa3paboTKe BapHaHTHBIX SHEPrOONTUMANbHBIX
rpauKoB IBHMXKEHHUS MOE3J0B M0 AUCHETYEPCKUM

CYIIECTBEHHO OTJIUYAETCSI OT HOPMATUBHBIX YCJIO-
BHiA pa3pa0O0TaHHOrO Ha JUTUTEIBHBINA MEPUOJ Tpa-
(vKa NBMXKEHHS TOE370B, 4 BO3HUKAIOIIHAE MPU
9TOM KOJeOaHHs MOE30NOTOKOB MOTYT YCYryo-
JATBCA HE ONTUMAJIbHO MPUHUMAEMBIMU pPELICHU-
SIMM TIO€3JHOr0 aucrerdyepa. B gestenbHOCTH MO-
€3[IHbIX JIMCIIETYEPOB 3HAUUTEIBHYIO 4YacTh Bpe-
MEHH 3aHHMaeT (MKCalus MPOIISANINX WU MpPOo-
UCXOMANMX COOBITHII B CIPAaBOYHOW CHCTEMa
KACKA]JI. B nerHuit nepuon Bo3pacTaroT pa3me-
Pbl IBMKEHHSI MACCAXUPCKUX IMOE3[0B, YTO MpH-
BOAUT K YMEHBIIECHUIO BO3MOXKHOM MPOMYCKHOM
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CIMOCOOHOCTH AUCIETYEPCKUX YYACTKOB IJISI TPY-
30BOT0 ABIDKEHHA. B HEKOTOpHIX Cilydasx IMJIaHu-
pyemble pa3Mepbl TPY30BOTO JBHXKCHHUS MOTYT
MPEBBIIIATH MPOMYCKHYIO CIOCOOHOCTH YYacTKOB
IpH JaHHOM THIIE rpaduka ABIKEHUS IOE3IOB,
YTO MPUBOJUT K HEOOXOAUMOCTH Pa3pabOTKU Me-
PONPUATHH, CBA3aHHBIX C MOBBILIEHHEM IMPOITYCK-
HOH CITOCOOHOCTH Y4acTKOB: OpTaHU3alMU JIBHKE-
HUS CIBOCHHBIX MOE310B, IPUMEHEHHIO MTaYCYHOTO
rpaduKa IBHKEHHS MAcCAKUPCKHUX MOE3/10B U T.JI.

B cBf3M ¢ BBIICU3TIOKEHHBIM, ONEpaTHBHAs
pa0boTa MOE3MHBIX AUCIETUEPOB TPeOYIOT co3la-
HUSl HOBBIX NPUHLIUIOB M TEXHOJIOTHH ONEPaTUB-
HOT'O YIIPaBJICHUS MEPEBO30YHBIM MPOIIECCOM, KO-
TOpBIA oOecnieunBaer nojaep;kanue 3PPeKTUBHBIX
yca0BUHN paboTHI.

AHaJIN3 NOCJeHUX HCCIeT0BAHUH

CoBpeMeHHOE OlepaTHBHOE YIPaBIICHUE TIepe-
BO30YHBIM TPOIIECCOM Ha JKEJE3HBIX JOpOrax Cco-
CTaBJISIFOT: Tpa(uK JBIKEHUS MOE3/10B, IJIaH (op-
MUPOBaHHUS TTOE3/I0B, UCIIOIB30BAaHHUE MPOITYCKHON
CIOCOOHOCTH y4YacTKOB, MECTHasi paboTa, TeXHH-
YeCKOE€ HOPMHPOBAHHE MEPEBO30K, OMEPAaTHBHOEC
TUTaHUPOBAHUE AKCIUTYaTallMOHHON pa0oThI, AwMC-
METYEPCKOE PYKOBOJCTBO, aBTOMAaTH3UPOBAHHBIC
CHCTEMBI YIIpaBIICHUS! U UH()OPMAIIMOHHBIC TEXHO-
JIOTHH.

OCHOBHBIM pe3epBoM yiyuiieHus 3¢dexTus-
HOCTU (DYHKIIMOHMPOBAHUS IKEIE3HBIX JIOPOT SIB-
JSIETCST  COBEPIICHCTBOBAHUE TEXHOJIOTHH TIepe-
Bo3ouHOro mporecca [1]. B wuccnemoBanumsx [2]
OTMEYEHO, YTO TOBBIIICHHE KOHKYPEHTOCIIOCO0-
HOCTHU JIUCTIETYEPCKHUX YYACTKOB JKEJIE3HBIX JIOPOT
VcraHuy mpoUCXOAUT 3a CYET U3MEHEHUH Mapii-
PYTOB CJIEIOBaHUS TPY30BBIX MMOE30B IPH BO3HU-
KaIOIIMX OTPaHUYCHUSX MPOIYCKHOW CHOCOOHO-
cru. Jlokazano [3], uro misn obecrieueHus: 0e3-
OMACHOCTH ¥ 3HEprod((eKTUBHOCTU MPOITyCKa
MOE3/I0B T10 JKENIE3HOMOPOKHBIM y4acTKaM Heo0-
XOOMMO TpPHMEHATh mepenoBbie  (Advanced
Technologies - AT) texnonoruu. Mcnons3oBanue
COBPEMEHHBIX MH(OPMAIMOHHBIX cucTeM [4] mo3-
BOJISIET OPraHU30BBIBATh JBHKCHHE IOC3/I0B B pe-
QIILHOM P&KHUME BPEMEHH.

B kadecTBe OCHOBHOT'O KpHUTEpHs B dKCILTyaTa-
IHOHHOW paboTe NMPHHATO CYUTATH MAKCHMAallb-
HYI0 TEXHHKO-DKOHOMHYECKYIO 3((EKTUBHOCTH
NPUHATOTO PEIICHHs BO3MOKHOT'O BapHaHTa IPoO-
MyCKa IOE3]I0B M0 TUCIETYEPCKOMY YYacTKy B CO-
OTBETCTBYIOIIEH MOe3fHON 0OCTaHOBKe. B craThe
[5] mokazano, 4uTo ynpaBieHHE IKCILUTyaTalluOHHOMH
paboToii KENe3HBIX JOPOr COCTOHUT U3 TPEX Oc-
HOBHBIX YPOBHEH: CTPATErHYECKOr0, TAKTHYECKOTO
u onepaTuBHOrO. B [5] mpuBeneHs OCHOBHBIE ITy-
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TH pelIeHHs MPOOJIEMbl, CBSI3aHHOW C YIpaBIICHU-
€M IEPEeBO30YHBIM IPOIIECCOM HAa ONEPaTHBHOM
yposHe (Multicommodity Network Design).

B ycnoBusSX KOHKYpEeHLUMH U BCTYIUICHHH
VYkpauHel B €BpoOIeickoe coo0IecTBO 0coboe
3HaueHue [6] mproOperaeT 3aauya COBEPIICHCTBO-
BaHMS OIEPATHBHOTO YIPABICHHS JKCIUTyaTallu-
OHHOHM pPaboTOl C HCHONBb30BAaHMEM B KadyecTBE
UH(QOPMALMOHHOW W TEXHOJIOTHYECKOW OCHOBBI
JMHAMHYECKHX 0a3 JaHHBIX YIPaBJICHUS BaroHO-
NOTOKaMH Ha jgopore. OpraHu3zanus BaroHOIOTO-
KOB B T0€3/1a JIOJDKHA 00eCIeYrBaTh YIOBIETBO-
peHre NoTpeOHOCTEel TPy300TIpaBUTENCH B Tepe-
BO3KaXx.

B HacTosimiee BpeMs yIpaBlIeHHE MHOTUMHU
3IIEMEHTaMH TIePEBO30YHOr0 TPOIecca OTCYTCTBY-
er [7]. DTo cBUIETENBCTBYET O TOM, YTO B HOpMa-
TUBHBIX U TEXHOJIOTHYECKHX JOKYMEHTax HEIO-
CTaTOYHO BHHMAaHUs YACISACTCS CO3MaHUI0 (P pek-
TUBHOH CHUCTEMBI OIEPATHBHOTO YIPABICHUS IIe-
PEBO30YHBIM IPOLIECCOM. Bo3HMKaroLme TpyaHO-
CTH B DKCIUTyaTallMOHHOH paboTe BBI3BAHBI HECO-
OTBETCTBHEM TOTPEOHOCTEH M BO3MOKHOCTEH pa-
0OTBI TOE3IHBIX JUCIETYCPOB HA YYacTKax H
obecriedeHUs] UMH C(OPMHUPOBAHHBIX MOE3I0B I0-
e31HBIMH JIOKOMOTHBaMH. [loTpeOHOCTH 3abmaro-
BPEMEHHO HE MPUBOIATCS B COOTBETCTBUE C BO3-
MOXHOCTSIMU. OCHOBHasi MPUYMHA TPYAHOCTEH -
JMCIIETYCPCKUI anmapar MpeMMyLIeCTBEHHO (UK-
CHpYeT TPOLICANINE U TPOUCXOAANINE COOBITHS,
HIOBJIUSITH Ha KOTOPBIE YK€ HeBO3MOXHO [8, 9].

CMEHHO-CYyTOYHOE TUTAHUPOBaHHE JKCILTyaTa-
IIMOHHBIX TIOKa3aTelieii B OCHOBHOM MPOUCXOJHT
HE M3 PeaIbHBIX BO3MOKHOCTEH TUPEKIUH Kemne3-
HOJIOPOKHBIX MIEPEBO30K, @ BBIIIOJIHEHUS ¢ Havaia
MecsIa HapacTalOIUM UTOrOM KOJHMYECTBCHHBIX U
Ka4eCTBEHHBIX MOKa3aTeneil paboThl.

BeimeykasanHble MPOTUBOPEYHUS OMPEICITHITH
HEOOXOIMMOCTh B BBISIBICHUH HOBBIX MOJXO/OB K
NPUHLUIIAM ¥ COBEPIICHCTBOBAHHIO TEXHOJIOTHH
ONTHMAJILHOTO ONEPAaTUBHOIO YIPABICHUS Iepe-
BO30YHBIM IIPOLIECCOM HAa OCHOBE MOJCIMPOBAHHS
npencrosuieil paboThl; pelIeHHs ONTHMH3AUOH-
HBIX 3a]ia4; CO3/IaHUs ONTUMAaJbHBIX YCIOBHH pa-
OOTBI AUCTIETUYEPCKHUX YYACTKOB.

HN3no:xeHne 0CHOBHOTO Marepua’ia

CymiecTByeT BO3MOXHOCTh Iepexojia OT CH-
cTeMbl aucrerdepckoro pykooactsa KACKA/ k
HOBBIM CHCTEMaM IPOrHO3WPOBaHUS Ha OCHOBE
MOJIeNUpoBaHus ¢ obecreueHreM 3(()EKTHBHOTO
yIpaBleHHs MEPEBO30YHEIM IpolieccoM. Hcmonb-
30BaHUE MOJICITUPOBAHUS BO3MOXKHO B OIEPaTUB-
HOM YIpPaBJICHUH TIEPEBO30YHBIM IPOI[ECCOM,
HanpaBIICHHBIM Ha yaydiieHue 3(QQeKTHBHOCTH



KEJIE3HOOPOKHOTO TPAHCIIOPTa Y KpauHBHI.

[IporHo3upyemslil 3Tan BKIOYaeT B ceOs MO-
JeTUPOBaHUE DKCIUTyaTAllHOHHOW CHTyalldH Ha
HEKOTOPBIN MEepHOA BIIEPEA, YTO IIO3BOJSIET IIO-
€3HBIM AMCIeTYepaM aHAJTU3HUPOBATH M3MEHEHHS
MPOIYCKHON CIOCOOHOCTH Y4acTKOB U oOecreyu-
BaTh COCTaBbI MOE3/I0B JIOKOMOTHBAMH U JIOKOMO-
TUBHBIMH Opuragamu u T.1. Ilpum npenBapurens-
HOM aHajJH3€ YCTaHABIMBACTCS HECOOTBETCTBHE
HAIWYHOW U TOTPeOHON MPOITyCKHOM CIOCOOHOCTH
YYacTKOB, YTO B CBOIO OUepeb HIPUBOIUT K COOSIM
B OKCILTyaTalMOHHOHN paboTe.

B paborax [10-12] aBropamu pa3paboraH KO-
HOMUKO-MaTeMaTHYECKUH amnmapaT palroHaIbHO-
rO pacmpeneieHus KOMUYecTBa T'PY30BBIX M Iac-
Ca)KHPCKHX TOE3JI0B 10 Y4aCTKaM >KeJIe3HOH J0po-
. AnmapaT OCHOBBIBAE€TCS HAa MCIOIB30BAHUH
BEeKTOpHOH onTumm3auuu. llocraBneHHas nenb —
MOJTHOE YIOBJIETBOPEHHE 3afBOK IMACCAKUPOB H
TPY300TIpaBUTENC Ha BBHIMOIHEHUE MEPEBO3OK.
OObeMbl TMIAaHUPYEMBIX IEPEBO30K 3aBUCIT OT
JAIIHOCTH NIEPEBO3KH, BPEMEHU JABHMIKCHUS, MeXa-
HUYECKOH paboThl MO MEepPEeMELICHUIO MMOE3/10B MO
SHEProONTUMANBEHOMY TpaduKy ¢ yderoMm 3ddek-
TUBHOI'O COOTHOILIEHHUS MacChl U CKOPOCTHU JBHKE-
HUSl C YUETOM OTrpaHHYCHHUS! KOJIWYECTBA MOE30B
Ha QuIepHOii 30HeE.

W3BecTHO, YTO C yBENMYEHHEM IUIOTHOCTH IIO-
€3/10B Ha COWHHLY MAJIHHBI JKeJIe3HOZOPOKHOTO
y4acTKa MX MHTEHCUBHOCTbH ABMIKEHHS YBEIUYH-
BaeTcs 10 MaKCHMaJbHO BO3MOXKHOT'O 3HAUYCHHS,
KOTOpOE COOTBETCTBYET €ro HauOoJbIIed Haauy-
HOU MponycKHOU criocobHocT. [anpHeliiee yBe-
JMYEHHE KOJIMYECTBA MOE3J0B Ha JHCIIETUYEPCKOM
y4acTKe BBbI3bIBACT JaJIbHEHIee YBETHMUCHUIO
TUIOTHOCTH TI0€3710B. JlaHHOE yBeIHUEHHE MIII0THO-
CTH TIOE3[I0B BBI3BIBAET CHMKEHHUE CKOPOCTH HX
JIBYOKEHHS 110 YYACTKY.

[IpoBeneHHBIMH aBTOpaMH HMCCIIEJOBAHUSIMH
JIBYXIIYTHOTO AMCIETYEPCKOTO YydacTKa C YeThI-
pex3HauHol aBTOONMOKMpoBKOK KameHckoe — Bep-
XOBIIEBO. VccienoBaHUsIMH YCTAHOBJICHBI 3aBHCH-
MOCTH MEXKIYy pa3MepaMu ABIKEHHUS IOE3/I0B Ha
BXOJI€ ¥ BBIXOZEC JAHHOTO Y4acTKa. BEHITIONHEHHBIM
MOJIETTMPOBaHUEM PabOThl AUCHETYEPCKOTO Y4acT-
Ka YCTaHOBJICHO, YTO yBEJIMYEHHE KOJIMYECTBA I10-
€3710B MPUBOANUT K CHIDKEHHIO MEXIOE3AHBIX WH-
TEpBAJIOB Ha BXOJAE M BBIXOJE C JHCIETYEPCKOro
yuactka. JlaHHas 3aBHCHMOCTb IIPHUBEAEHA Ha PHLC.
1.

Usmenenne mmorHocty moe3nos ¢ 0,05 no 0,23
Moe371a/KM He OKa3bIBaeT 0COOOro BIUSHUS Ha Be-
JUYMHY MEXKIIOE3IHOIO0 WHTEpBaja, KOTOPBIH
ocCTaeTcsl IMOCTOSTHHBIM B Hayaje U KOHIE IHCIIeT-
YepCcKOro ydactka. JlomoNHUTENbHOE yBENHMUCHHE

KOJIMYCCTBa MOC3J0B Ha AUCIICTYCPCKOM YUACTKE
MPpUBOAUT K €ro NCpCHACBIIICHUIO MOC3JaMU, KO-
TOPOC BLI3BIBACT 3HAYUTCIBHOC YBCIMYCHUC HUH-
TCHCHUBHOCTHU BXOAJAIICTO IIOTOKa IIOC3O0B. T0
MNPpUBOAUT K YBCIIMUYCHHUIO MCKIIOC3JHOIO HHTEP-
BaJl BRIXOAAIICTO ITOTOKa ITOE3/J0B.
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WHTepsan mexay noesgamu Ha sxoae, |, MuH

WHTepsan Mexay noesgamu Ha sbixoae, |, MuH

Puc. 1. BiusHue miIoTHOCTH IIOE310IIOTOKA HAa U3MCHC-
HHUEC CPCAHCTO MEKIIOC3AHOI'O MHTCPBAJa Ha BXOJAC U
BbIXOC JUCTICTUCPCKOIO y4acTKa

CocrosiHue, TP KOTOPOM C KaXKJ0€ MOCIeny-
folllee yBETMYEHHE KOJIMYECTBA MOE3/I0B Ha y4acT-
K€ TSHET 3a cOO0H yBeTMUEHHE UX MIIOTHOCTH, YTO
MPUBOAUT K U3MEHEHHIO MOPSIKa CIECAOBAHUS 110-
€3/10B C 3€JIEHOTO MOKa3aHMUs CBETodopa K JKENTo-
My CHUTHAJy U B MOCJIEAYIOIEM K OCTAaHOBKE Tepes
KPaCHBIM.

[TpoBenennbiMu  uccnenoBanusmu  [10-12]
YCTAHOBJICHO, YTO JBMKEHHUE MOE3/I0B HA JKENMTHII
curHasl cBero)opa €ro yMeHbIaeT CKOPOCTh MX
nBwkeHus Ha 25-30 %, a npu npuOIIKEHUH K TO-
CTOSIHHOMY KpacHOMY CUTHaly cBerodopa — Ha
50-60 %, yem mpu crnenoBaHWU Ha 3eNeHbli. Bpe-
Ms XoJa Moe3fa IO MeperoHy cocraBiser t .
Kaxnpiii cremyrommii moe3 OyieT OTIPaBIAThCS
Ha 9TOT e IEpPEroH uepe3 MEKIOE3JHOH WHTep-
Ban |, HO Oyzmer mpuObIBaTh Ha KOHEUHYIO CTaH-
1y ¢ omo3ganueM Ha At. Ha puc. 2 mokaszano
HU3MEeHEeHUe (aKTHUECKOro MPUOBITHA TMoe3la OT
rpaMKOBOrO, B Cly4ae 3HAYUTEILHOIO yBeJHye-
HUS YMCIIa T0€3/]0B CBEPX MAKCHMAaIBHOTO.
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Puc. 2. ®parment rpaduka IBIKEHUS 110E3710B

B nanHOM ciydae 1OMOTHUTENBHOE U3MEHEHUE
BpeMEHH MPHUOBITHS MOe3a 3aTPYAHSET BBITIONIHE-
HUE HOPMAaTHBOB CYILECTBYIOIIEro rpaduka IBU-
YKEHHS TT0E3/10B.

Jomyctumoe

HAChINICHUC  OUCIICTYCPCKOTO
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ydJacTKa Moe37jaMH OKa3bIBaeT BIUSHUE HA TOKa3a-
TEMM TEXHUYECKOro IutaHa paborel. Ero HeoOxo-
VMO OLIEHMBAaTh C MOMOIIbI0 KOd(UIIMEHTa 3a-
Tpy3KH YYacTKOB, KOTOPBIM COCTaBISET OTHOIIE-
HHE BMECTUMOCTH TeperoHoB (/7) K BO3SMOKHOMY
KOJIMYECTBY BaroHOB (B) OIHOBPEMEHHO HaXO[f-
LIMXCS Ha MIEPErOHe

I
Py = B @
PaLII/IOHaHBHaSI 3arpys3ka JAUCTICTYCPCKUX

YYacTKOB MOE€3/1aMH 3aBHCHT OT BEIMYMHBI MEX-
noe3HbIX uHTepBaioB (| ), BO3MOXKHOH ydacTKo-
BO#i CKOPOCTH IBHIKEHHS TPY30BBIX TIO€3710B (V,, ),

koo duimenTa cheMa Tpy30BBIX IMOE3/I0B Macca-
KUPCKUMU (€ ), a TaKKe KOJMYECTBA MACCANKHP-
CKHX moe3/710B (N, ) ¥ crmocoba uX MPOKIaIKH. 3a-

mac
BHCHUMOCTH KO3(QHUIHUEHTOB CheMa TPY30BBIX II0-
€3710B MACCAXUPCKUMU OT CKOPOCTH JIBUYKEHUS
MACCAKUPCKUX U JUTHH OJIOK-y4acTKOB MPHUBEACHO
B [13]. Bce BbIlIe mepednclieHHbIC 3aBHCUMOCTH
OTPaHUYMBAIOTCSI  BO3MOXKHBIM  JIOIYCTHMBIM

YPOBHEM 3arpy3ku y4actkoB A..". Dddexrnpuas

3arpy3ka JUCHETYEPCKOro yyacTKa Ioe3JaMH Xa-
pakTepu3yeTcs OTHOIIEHHWEM pallMOHAJIBHOIO KO-
JIMYECTBA MOE3/I0B, KOTOPOE OAHOBPEMEHHO HAaXO-
auTes Ha ydacTtke (N, ) K MAKCHMaJIbHO BO3MOX-

HOMy ( nmax )

Bo Bpems cocraBieHus BapuaHTHOTO rpaduka
JBUKCHUS MTOE3]/I0B HEOOX0IMMO MUHUMHU3UPOBATh
KOJIMYECTBO OOTOHOB TPY30BBIX IMOE3/IOB ITacca-
JKUPCKUMH, & TaKXKE BPEMEHU HaXOXJCHUS TPy30-
BBIX IOE3/I0B HAa JUCIETUYECPCKOM y4YaCTKEe M CTaH-
LHUAX

T=t,+t, —»>min, (2)

rac tyq — BpeMs MPOCICAOBAHUA AUCIICTUCP-

CKOT'0 y4acTKa Moe3/IlaMH, Jac,
tCT
1Y, Yac.

CpenHee BpeMs OXHUIAHWS OTIPABICHUS CO
CTaHIIMH COCTABJISICT TIOJOBHHY CPEIHETO WHTEp-
Bajla MEXIy Ioe3aMi Ha Tpaduke, KOTOpoe
ompenensercs mo Gopmyie

1440
CT 2 . n

- BpCMA OXKHUOaHHA OTIHPAaBJIICHUA CO CTaH-

, 3)

re N — CyTOYHOE KOJUYECTBO IPY30BBIX MOE3-
JIOB, 3QJI0KEHHBIX B rpauK.

OTtnpaBieHre co CTaHLUU NacCaKUPCKOro Io-
€371a 10 CPABHEHUIO C TPY30BBIMH OCYLIECTBISAETCS
B TIEPUOJ] CPETHEr0 3HAYEHHS MEKIIOE3AHOr0 MH-
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TepBana TIPY30BBIX IMOE30B, 3HAYCHHUE KOTOPOTO
HaxomuThes B mpeaenax or O mo |, u mpuHMMaer
cpenHee 3HaueHue naTepBana — 0,5 1.

3aBHCUMOCTDh BPEMEHH JBUXKCHHUS MOE30B IO
YYaCTKy OT KOJIMYECTBA 3aJOKCHHBIX TOE3I0B B
rpauK OMUCHIBACTCS MMOKA3aTEIbHON (hYHKITHCH

t,=a b", 4)
rie aub - xodddunmeHTs!, 3aBucAIEE OT
XapaKTEPUCTHK TUCTIETUCPCKOTO yUacTKa.

K xapakTepucTHKaM TUCIETUEPCKOrO ydacTKa
OTHOCSITCS: JITMHBI TIEPETOHOB, TUIAH U TPODUIH
KEJIC3HOMOPOIKHOTO MYTH, KOIMUYECTBO MyTeH Ha
MEPEroHax W CTAHIHIX U T.[I.

MuHUMATEHOE YHCIIO HUTOK Tpaduka JBHKE-
HUS TIOC3/I0B OMPEACTSIETCS M0 MHHHMAILHOMY
3HAYeHHIO repuojaa rpaduka T(N) mpu KOTOpOM

nepBasi MPOM3BONHASL ITOM BEIWYMHBI TPHPABHU-
Baercss K Hymo T'(N)=0. Dro MOXKHO 3amucaTh

CIEIYIOIM 00pa3oM

1440

a-b"-In b- >
2-n

0 ©)

IMpuBenenHoe ypaBHeHue (5) HE MOXKET OBITh
pelIeHO aHalIuTU4YecKu. [ns peleHus mpeacras-
JICHHOTO YPaBHEHHUS MPOBEACHO pa3paboTaHa Mo-
JieNb IBMXKCHUS TT0e3710B Mo yyacTKy Kamenckoe —
BepxosieBo.

Ha puc. 3 npuBeneHsl pe3ylbTaThl MOACITHPO-
BaHMS HACHILLCHUS KEIE3HOJOPOXKHOIO YdacTKa
Kamenckoe — BepxoBLeBo nmoeziaMu. Y BeTUYCHUE
Yyyclia MOe3/I0B Ha y4acTKe MPUBOIUT K YBeIUYe-
HUIO BpPEMEHU UX JBIXKEHUA. B To ke BpeMs ¢
YBEIMYCHUEM KOJIMYECTBA OTHPABISICMBIX Ha yda-
CTOK MOE3/I0B MPUBOAUT K YMEHBIICHUIO BpeMs
OXKHMJIAHUS UX OTIPABICHUS CO CTAHIUU.

g
45
4 4 A
35 —— Bpeua 5 ABmEemm 0
3 YuacTEy (tya), gac

— Bpeuma ommaanna
OTHPIEIEHHT CO CTAHITHH
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CypmapHeie saTpaTsl

EpEMEHH, HaC
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MO€3/I0M IO AUCHETYEPCKOMY yUaCTKy U OKUAAHUM €ro
OTIPABJICHUS CO CTAHIUH (POPMUPOBAHUS

OnTUMalbLHOE YHCIO IOE3Z0B
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COCTaBJIACT

y PE3CPBHOC KOJIMYCCTBO HHUTOK Ha YYACTKC



cocrapisier NP B mpejmenax MakKCHMMaJbHBIX pas-

MEpOB JBWKEHHUs MO yyactky N™ . Touka 4 xa-

pakTepu3yeT MHWHHUMAJIbHBIE SKCIUTyaTalllOHHBIE
3aTpaThl MEXKIY YHCIOM OTHPABISIEMBIX MOE370B
Ha Y4acTOK M MX OTIPABISEMBIM KOIUYECTBOM CO
cranuuid. [Ipoenupyst Touky 4 Ha OCh CYTOYHOIO
KOJIMYECTBAa T1O0E370B (41)COOTBETCTBYET OITH-
MaJBHOMY pacrpeneieHHI0 HEeOOXOAUMBIX HUTOK
rpaduka.

AHanuzupysl yciOBUSL IBUKECHHUS IOE3II0B IO
nucreTyepckomy ydactky Kamenckoe — Bepxos-
1eBO OBLIIM OTMEYEHBl BOSMOXKHBIE TPH BapHaHTa
pabotel ¢ moeznamu: 3¢dexruBHbi (0T 50 m0 95
MOE3/I0B/CYTKH); cierka Tsokensiid (o 96 mo 105
MOEe3/10B/CyTKHN); oueHb Tspkenbid (ot 106 mo 126
TI0€3/I0B/CYTKH).

B 3aBucuMoctu 0T ycnoBud paboTHI IUCIET-
YepCKOro y4yacTKa II0€3JAHBIMH JHCIIETYepaMU
COBMECTHO C JSKYPHBIM IO AWPEKLUHHU KEIE3HO-
JOPOXKHBIX TEPEBO30K JTOJDKHBI MPUMEHSTHCS pas-
JUYHBIC BapUAHTHl PYKOBOACTBA IIEPEBO3KAMHU.
[Tpu ucnonb3oBanuu 3QGHEKTUBHOTO U Cierka Ts-
JKEJIOro  BapuaHTa paboTHl HEOOXOIUMO COOIIo-
JaTh CYLIECTBYIOIIME HOpMaTuBHI rpaduka. [lpu
MPOTHO3UPOBAHUH OYEHb TSDKENOro BapuaHTa pa-
00Tl HEOOXOmMMO pPa3paboTaTh MEPONPHUSITHSA,
HEOOXOIMMBbIE AJISl YMEHBILICHUS MepEHACHILCHUS
YYacTKOB TMOe3JaMH M BoccTaHOBieHHE 3¢ dek-
TUBHOTO BapHaHTa paOOTHl.

s ynpaBieHus HaChIEHUEM JHCIIETYCPCKUX
YYaCTKOB TI0€34aMH M PaCIpemeieHus] UX MEXIy
napajyieNbHBIMU TIONUTOHAMU OBUTH HCIOJIB30Ba-
HBI Teopusi rpadoB U MOTOKOB B ceTsx. [Ipemno-
’KE€Ha METOAMKA PallMOHAJIBHOW TOCTaBKU TPY30B C
YUETOM MPOMYCKHBIX CHOCOOHOCTEH MEPEroHOB M
YCKOPEHHOTO JBIMKEHHS TMaCCaKUPCKUX IOE3/10B
[14] mo3Bommia pacnpenensiTh TOTOK TI'PY30BBIX
MOE3[J0B MEXKIy MapajUleIbHBIMUA XOAaMU HE W3-
MEHAS KOJIMYECTBa MACCAKUPCKUX MOE3]0B, KOTO-
pBIe IPHUBSI3aHBI K ONPENe/ICHHBIM PaCIIACaHUSIM.

[Tpu ucnonbp30BaHUM NPEIIOKEHHONH MOJETH B
MEpUO/] TUTAHUPOBAHUY MOE3[JHOM AWCIETYEp UMe-
€T BO3MOXXHOCTb MOZEIHPOBATE!

- pa3Mepbl Iepeaydl CMEKHBIMU JUCIIETYep-
CKMMH y4YacTKaMH CJlaud Toe3l0B. B cmydae
OONBIIMX Pa3MEPOB ABKKEHUS YeM TpH dPdek-
TUBHOM HJIM CJIETKa TSDKEJIOM BapuaHTE - 4acTb
Moe3710B HeOOXOAMMO IepeJaBaTh Ha JOpYyrue mna-
paJlIeNbHbIC AUCTIETYEPCKUE YIACTKH,

- pa3Mepbl Iepeayd CMEKHBIMU JHUCIIETYep-
CKMMH y4acTKaMH CIAayH MOEe3A0B Ui UX MPOIyC-
Ky 110 KpaT4alIMM HampaBieHusiM. B ciydae mpe-
BBIILICHUSI — BBIOMPAIOTCS JAPYTrHE MapajieibHbIe
YUYaCTKH.

VYBenuueHne KOJIMUecTBa IMOE3/10B HAa paccMaT-

pUBaEMOM YYacCTKE NPUBOOUT K YMEHBIICHHIO
MPONYCKHOM W TIPOBO3HOHM CIIOCOOHOCTEH ydacT-
KOB.

B cnyyae HeoOXOAMMOCTH MPEIOCTABICHUS
«OKOH» HEOOXOOMMO 3apaHee OINpeleNsaTh BO3-
MOXXHOCTB TPOITyCKa TIAHUPYEMOT0 MOTOKa M0e3-
JOB MO KpaTdalllieMy HamnpaBlCHHIO 3a MHHH-
MaJbHBIA TPOMEXKYTOK BPEMEHH, a TaKKe BO3-
MOXXHOCTh TPOITYCKa TOCIE OKOHYAHHUS «OKOH»
YBEMYEHHOTO MOTOKA MOE3/0B.

[TpuMeHeHre MOAETMPOBAHUS MPOITYyCKa MOE3-
JIOB TIPY HACBHIIIEHUH UMM JUCIIETUYEPCKOro ydacT-
Ka MOXeT OBITh pa3paboTaHa TEXHOJOTHYEcKas
KapTa padOoTHl MOE3AHOro Aucierdyepa. [Iporuosu-
poBaHUE MPHUOBITUS TOE3AOB HA JUCIETYEPCKHHA
Y4acTOK HeoOXO0aUMO MPOrHOo3upoBaTh Ha 1-3 ua-
coBble Tieproabl. OCHOBBIBAsACH HA TAKOM IPOTHO-
3e, MOE3IHON AMCIeTYep MONMyYaeT BO3MOXKHOCTD
Ha peryIupoBaHue MMOTOKA MOE3J0B Ha YYacTKe.

Ha nmucnerdepckux ydyacTkax, KOTOPhIE UMEIOT
HE3HAYUTENBHYIO MPOMYCKHYIO CIIOCOOHOCTB, BO3-
MOXXHa OpraHM3alusi BOXKACHHUS COBOCHHBIX I10€3-
JIOB WJIA YCHJICHHUS €r0 TEXHUYECKOT'0 OCHAIICHUSI.

BriBoabI

[IpoBeCHHBIME HCCIIENOBAaHUSMHU yCTAaHOBIIC-
HO:

- a(pdexTrBHAST paboTa MOE3AHOrO IUCTIETYEpPa
HEBO3MOXHa 0€3 MOJCTUPOBaHUS IMOS3JHON pado-
Thl Y4aCTKOB, CIOCOOHOTO 3a0JaroBpeMEHHO BBI-
SIBUTh BCIUIECKH 3aTrPy3KH y4acTKa U OCYIICCTBHTH
PETYIUPOBOYHBIC MEPOIPUATHS MEKIy Hapai-
JENTBHBIMA XOZaM# ¢ 3(QPEKTUBHBIM UCIOIH30Ba-
HUEM TIPOITYCKHOW CIIOCOOHOCTH;

- pa3palboTaHBl IMOKa3aTelu, KOTOPhIE MOTYT
MOJTHOCTBIO XapaKTEPU30BaTh MOTOK ITOE3]I0B Ha
JTIUCTIETYEPCKOM y4YaCTKe. TUIOTHOCTh U MHTCHCHUB-
HOCTB ITOE3JI0NIOTOKA, HACBIINICHUE YyYacTKa I0e3-
JIAMHU;

- pa3paboTaHbl MEPONPHITHS ONpPE/CIICHUS
3((HEKTUBHOTO, CIIETKA TSKEIOr0 U 0C000 TAKE-
JIOTO BapUAHTOB PabOTHI IUCIETYEPCKOTrO yIaCTKa,
YCTaHOBJICHBI Pa3Mephl JIBIKCHUS, MPU KOTOPHIX
MOXET OBITh OCYIIECTBIICH SHEPrOONTUMATBHBIN
rpaduK JIBUXKEHHS MTOC3/I0B Ha YIaCTKE;

- OIpeJeNeHbl 3aBUCUMOCTH MEXKTY pa3MepaMu
JIBUKEHUS TIO€3]I0B TI0 YYaCTKYy U UX HHTEHCUBHO-
CTBIO, IIOTHOCTBIO M PACXOJOM 3JICKTPOIHEPTHUH,
UCIIOIB3YEMOM Ha TATY MOE3/I0B.
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B. I CMYEHKO, O. IO. I[TAITAXOB, H. O. JIOI'BIHOBA

MOJAEJIOBAHHS ITEPEBI3HOI'O ITPOLHECY B YMOBAX
ONTUMI3ALII I EHEPTOE®EKTUBHOCTI IEPEBE3EHD

B po6oTi BUKOHAHO MOJENIOBAHHSA PYXY MOI3MIB I aucrieTdyepchKiid ningaili Kam'saepke - BepxiBuese 3 MeToro

PO3po0KK eHeproonTiMansHOro rpadika pyxy moimis. I1ig eHeproonTiMalibHUM BBaXKAETHCS Takuil rpadik pyxy,
MIPH IKOMY BHUKOHYIOTHCSI IEPEBE3EHHS 3aITAaHOBAHUX OOCSTIB MAcaXHpPiB Ta BAHTAXKIB 3 MIHIMAJIbHAMH BHTPAaTaAMH
€IIEKTPOCHEPTii, OB'S3aHOI 3 TATOBUM 3a0€3MEeYEeHHIM JIOKOMOTHBIB IIpH 0€3yMOBHOMY 3a0e3IedeHHi Oe3neKu py-
xy. [IpoBeneHnM MoemoBaHHsIM POOOTH AUCHETIEPCHKOI AUTHHIIII BCTAHOBJICHO, 0 30iIbIIEHHS KiTBKOCTI MOi3-
JIiB IPU3BOAUTH O 3MEHIIIEHHS MXKIIOI3HOTO iHTEPBATY HA BXO/I 1 BUXO/I 3 JUCIETYEPCHKOTO AITHHHIII .

JormycTiMe HaCHYEHHS IMCIIETYEPChKOIl MUITHKY MOT3/1aMH BIUIMBA€E HA TTOKA3HUKU TEXHIYHOTO IUIaHY POOOTH.
Moro HeoOXimHO OIHIOBATH 3a TOIIOMOTO0 KoeirieHTa 3aBaHTaKEHHS JUITHOK. 301IbIIICHHS YMCIIa MOi3/iB Ha [i-
JISTHIT TIPU3BOIUTH 0 30UIBIICHHS Yacy iX pyxy. B Toit xe dac i3 301IbIIeHHs KiTBKOCT] BiIPaBICHUX HA IUITHKY
TOI3/TIB MPU3BOAUTD 10 3MEHILICHHS Yac OYiKYBaHHS 1X BiIIpPaBJICHHS 31 CTAHIIII.

AHani3youn yMOBH pyXy MOI3/IiB MO qucrerdepchKiit ainmbauil Kam'sHebke - BepxiBleBe Oynu BuaiIeHI MOXK-
JIMB1 TpH BapiaHTU poOOTH 3 MOI3AaMu: eEKTHUBHUI; 371erka BaXKKuid Ta yxe Baxkkuit. [Ipu BukopucranHi edekru-
BHOT'O 1 3JIerka Ba)KKOr'0 BapiaHTiB POOOTH HEOOXIJHO JOTPUMYBATHUCS ICHYIOUMX HOpMaTHBiB rpadika. [Ipu npo-
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THO3YBaHHI JTy’K€ BaXXKOT'O BapiaHTy pOOOTH HEOOXiTHO pO3POOHTH 3aXO0H, IS 3MCHIIICHHS MEPEHACHYCHHS JTiJIs-
HOK TI013/[aMU 1 BiZTHOBJICHHsI €()EKTUBHOT'O BapiaHTy ii poOOTH.

Kirouosi crnosa: MonemoBaHHS pyXy TOi3/1iB; HACHUCHHS AUCIIETUYCPCHKOTO MUISHKH TOi31aMH; YMOBH POOOTH
JTUCTIETICPCHKOI TUTTHKI

V. SYCHENKO **, A. PAPAKHOV ?*, N. LOGVINOVA 3*

MODELING OF THE TRANSPORTATION PROCESS UNDER
OPTIMIZATION AND ENERGY EFFICIENCY OF TRANSPORTATION
CONDITIONS

In work modeling of movement of trains on a dispatching site Kamensky - Verkhovtsevo with the purpose of
development of the energy-optimal schedule of movement of trains is executed. Under energy-optimal, we mean
such a schedule in which the planned volumes of passengers and cargo are transported with minimal electricity, as-
sociated with traction support of locomotives with unconditional traffic safety. Conducted modeling of the dispatch
section found that an increase in the number of trains leads to a decrease in inter-train intervals at the entrance and
exit from the dispatch section.

The permissible saturation of the control area of trains has an impact on the performance of the technical work
plan. It must be evaluated using the load factor of the plots The increase in the number of trains on the site leads to
an increase in the time of their movement. At the same time, with an increase in the number of trains sent to the site,
the waiting time for their departure from the station decreases.

Analyzing the conditions of movement of trains in the Kamenskoye — Verkhovtsevo dispatching section, the fol-
lowing three options for working with trains were noted: efficient; slightly heavy and very heavy. When using an ef-
fective and slightly difficult work option, it is necessary to observe the existing norms of the schedule. When fore-
casting a very difficult work option, it is necessary to develop measures necessary to reduce the oversaturation of
railway sections and restore an effective work option..

Keywords: Modeling the movement of trains; the saturation of the dispatch section of trains; the working condi-
tions of the dispatch section
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