—a high level of detail in the transport technology, which will make it possible to predict scenarios of
transportation processes;

—a unified process-object method for displaying conditions of transportation processes;

—an information displaying for performing transport operations in real time;

— uniform sources of information for each type of source data;

—an internal consistency and an unambiguous interpretation of output information.

In such conditions, improving a controllability of transportation processes can be carried out by:

— development of forecasting algorithms for a time of freight trains arrival to technical stations;

— development of forecasting algorithms for a completion time of freight operations with carriages;

— creation of a dynamic model, which will allow simulating transportation processes in real time and
obtaining more detailed and accurate results for operational planning;

— accurate dynamic positioning of rolling stock on the railway infrastructure in real time.

All of the above tasks are proposed to be combined in a dynamic model of the railway local work. It is devel-
oped as a result of research, and it makes it possible to apply a new method to manage railway local work.

Obijects of the dynamic model are infrastructure (railway lines, stations and their subsystems) and dy-
namic units (rolling stock, cargo, auxiliary facilities). The dynamic model includes modules. Each of them
is a system of parallel processes for technological operations and operational control functions. As well in
the proposed dynamic model main processes have probabilistic characteristics. It allows to take into ac-
count an influence of random factors and calculate risks for the transportation processes.

To successfully solve the research problem, it is necessary to use advantages of GPS and digital infra-
structure. This will allow:

— to perform automatic registration of technological process events;

— to transfer information to the dynamic model with reference to infrastructure facilities in real time;

—to ensure a complete maintenance of detailed carriage and locomotive models of the railway local
work in real time.

Geolocation is proposed to be carried out only for traction rolling stock. Positioning results must be
compared with data from analytical information systems and microprocessor-based centralization com-
plexes. This will allow determining the location of carriages without equipping them with GPS trackers.

As a result, the introduction of the developed technology will make it possible to organize more effec-
tive management of the railway local work.

To use the dynamic model has been developed a special scientific method. Unlike existing methods, it
takes into account:

— the actual technical and technological state of control objects in real time;

— stochastic components of the planning and control processes, which are contained in the initial data
and in external influences; they are taken into account due to dynamic corrections in the algorithms of the
applied forecast model.

Application of the proposed methodology allows for the first time to identify and provide a numerical
assessment of technological risks arising in the local operation of railways. The methodology proposes ap-
proaches to their elimination through the use of regulatory measures.

The report also provides practical experience in the application of scientific developments in the field
of research at railway transport facilities.
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OIIEHKA YCTOMYUBOCTHU CUCTEMBbBI SKCILTYATAIIMA JIOKOMOTHUBOB
K UIBMEHEHUSAM CTPYKTYPBI U PASMEPOB I'PY30IIOTOKA
HA KEJIE3HOAOPOKHOM I1OJIUT'OHE

E. A. ®EJJOPOB, O. A. TEPEIIJEHKO, A. A. CTPAIJOMCKAA
benopyccruii eocydapcmeennulii ynusepcumem mpancnopma, 2. 1 omens

B. B. JIABUIIKHUH
benopyccras socenesnasn oopoea, e. Munck

B cBs3u ¢ m3MEHEHHEM CTPYKTYpPBHI IPY30II0TOKA M MOE3/I0M0TOKA Ha 00BeKTax MHPPACTPyKTypsl be-
JIOPYCCKOM >KeJIe3HOM 1oporu HabronaeTcs nepepacnpeielieHue TPaHCIIOPTHON Harpy3Ku, B TOM YHCIIE 3a
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CYeT MHTCHCU(UKAIUU JBUKCHHS JJIMHHOCOCTABHBIX TPY30BBIX (IPUPOCT CPEIHETO COCTaBa IPy30BOTO
moe3na 10 5 %) M JerKOBeCHBIX KOHTEHHEpPHBIX Moe370B. Hampumep, MpouCXoauT mepepacnpeeneHne
MOTOKOB C MOPTOB, PAcIlOJIOKEHHBIX B bantuiickom pernone, Ha nopthl Poccuiickoit denepanuu. [Tapan-
JISIBHO C 3TUM MPOMCXOJUT OOHOBJICHUE MapKa JOKOMOTHBOB (PACIIUPSHHUE UCTOIb3yEMbIX THUIIOB TATO-
BOT'O TOJIBMJKHOTO COCTaBa B TPY30BOM JIBHXKCHHH), & TAKXKE YBEIIMUCHHUE TIOJUTOHA DJICKTPOBO3HOM TATH
(anexTpuukanmsa rpy30HaNpPKEHHBIX HAIlpaBiieHUi ). Bee 5T m3MeHeHust BRIpaObOTKH HOBOTO IMOAXO/A K
OTIPE/IETICHUIO BEJIMYMHBI MMOTPEOHOTO MapKa AKCIUTYyaTHPYEMBIX JOKOMOTHBOB C Y9E€TOM OCOOEHHOCTEH
MIOJIMTOHA benopycckoi xKene3sHou JOpory.

B pamkax Hay4dHO-HICCIIEOBATENbCKON pabOTHI MPEUIOKEHA METOANKA KOPPEKTUPOBKH MOTPEOHOTO
IKCIUTYaTHPYEMOTO TMapKa W CPEeTHECYTOYHON MPOM3BOIUTENFHOCTH TOE3THBIX JJOKOMOTHBOB T'PY30BOTO
JIBIOKCHUS B 3aBUCHMOCTH OT CKIIAJIBIBAIOIICICSI CTPYKTYpPhl BarOHOIIOTOKOB M Ipy30m0TOoKOB. OHa ycra-
HaBJIMBAET MOPSIOK pacyera MOTPeOHOro IKCILTYaTUPyeMOTo Mapka U MPOU3BOAUTENBHOCTH JOKOMOTHBA
TPY30BOTO BMKEHHS B TIEpHO/I€ TDTAHUPOBAHUS ITPH BOSHUKHOBEHWH HEOOXOAMMOCTH B MX TEKYIIEH KOp-
PEKTUPOBKE B PE3y/IbTaTe 3HAUMMOTO U3MEHEHHS CTPYKTYPhI TPAHCIIOPTHOTO TIOTOKA.

Ipu u3MeHeHUH CTPYKTYphI BaroHomnotoka N(t) u rpysomoroka g(t) w3MeHeHHe mOTpeGHOrO AKCILTYa-

TUPYEMOTO TTapKa TIOE3HBIX JIOKOMOTHBOB TPY30BOTO ABIKEHHUS OMPEIEISIeTCs Ha OCHOBE BRIpayKeHHs [ 1]:

M3 b; ZPI6pJ 1+BBCI‘I)’ (1)
»Z[Q6pj 1 j

rze by — kod(guument, yuntBaromuii kpatHocTs TarM Ha j-M yuactke (b, >1); > PIY — rpysooGopor

OpyTTO Ha j-M ydacTKe OOpalleHHUs] Ha TUIAHOBBIM MEPHOM, T'KM OpYTTO; Qggj — CpemHHWH Bec moesna

OpyTTO Ha J-M y4yacTKe OOpalieHusl, T; S, — cpemHeCyTOUHbIH pooOer JJOKOMOTHBA Ha IIAHOBBIN NEpH-

OJ1 Ha i-M KeJIE3HOOPOKHOM ydacTKe (ydacTke paboThl IOKOMOTHBHBIX Opuran), km; B - j — kKoo duuy-

SHT COOTHOIICHUsI BCIIOMOTaTeIbHOrO Mpodera JOKOMOTHUBOB K OOIIEMy Ha j-M ydacTKe OOpaiieHUs B
IUTAHOBOM IIEPHOJE.

CpenHecyTo4Has MPOU3BOIUTENIBHOCTD JIOKOMOTHUBOB I'PY30BOIO JBMKEHUS PACCUMUTBIBACTCS UEpE3
TOHHO-KHJIOMETPBI OpyTTO MEPEBO30YHOM pabOThl HA j-M y4acTKe OOpAaIICHUs, MPUXOIAIINECS HA OAUH
JIOKOMOTHB 3KCIUTyaTUPyEeMOro MapKa Ipy30Boro ABrxeHus [1]:

e - QS
1+B2

rae Q) — cpeaHwmii Bec moesna OpyTTo Ha j-M yuacTke obOpalneHus, T, S,j — cpeaHecyTOuHbIi npober

, (2)

BCI j

JIOKOMOTHBA Ha I-M KEJIE3HOJOPOKHOM ydacTKe (yd4acTke paboThl JIOKOMOTHUBHBIX Opuran), km; Br = —

BCHJ
K03 QHUIMEHT COOTHOIIEHHS BCIIOMOTATENHLHOTO Mpobera JIOKOMOTHBOB K 00IIeMy Ha j-M yd4acTke o0pa-
IICHUS B TTAHOBOM TIEPUOJIE.
C mo3HUIMYU BIUSHUSI CTPYKTYpHI Baronomotoka N(t) u rpysomoroka ¢(t) 3HAYMMBIM IapaMmeTpoM B

(opmye (1) siBisiercst cpennuit Bec noesna 6pyrro Qp;, KOTOPBI onpeessiercs

BBII w1
q BBII ( q nop
1 BBIII T BbII T I
BBIIT Z PIHerro Znsrp . 1+ 1+ U‘nop (3)
6 i )
Pl Z PI:;:O Z ns:pﬂ arm 0vam

jing ( BBITI BBIH nop
Qe Ocr
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nop op
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BBITT

rae QP — cpeaHmit Bec moesna OpyTTo Ha j-M yuacTke oOpalieHns 3a OTYETHBIN MTEPUOI, T; ZPI:;TO
Tpy30000pOT HETTO HA j-M yYacTKe OOpaIlleHHs B IIAHOBOM IIEPHOJE, T'KM HETTO; ZPI:;’EO — Tpy30000-
POT HETTO Ha j-M y4acTKe OOpaIllleHUs] B OTUCTHOM IEPUOJIE, T'KM HETTO; ZnSf;"“ — TPO0OeT TPYKEHBIX

BaroHOB B OTYETHOM IIEPHOJIE, BATOHO-KUIOMETPOB; ZHSF? — Tpo0er IPpyKEHBIX BarOHOB Ha TUIAHOBBIN
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BBIIT

HEpHOJI, BarOHO-KMJIOMETPOB; (|, — HCIIOJHEHHAs CTaTHYECKas Harpys3ka BaroHa pabodero napka, T;

1
Qv
BBIII

Tapbl BaroHa, 1; (.

— IUTaHOBasi (OXKMIaeMasl) cTaTUuecKasl Harpy3ka BaroHa pabodero mapka, T; () — IUIaHOBas macca

— MCIIOJIHCHHAs Macca Tapbl BaroHa, T; oy — KOO(QHUIMEHT OpoXkHero mpodera

BBITT

BaroHOB B IUIAHOBOM IIEPUOAE; oLyt — KOI(DGULMEHT OPOXKHETo podera BarOHOB B OTYCTHOM MEPHOLE.

ITonydyeHHsle B pe3ysbTaTe MPOBEACHHBIX UCCICI0BAHHMM aHAMUTHYeCKHE BhipakeHus (1)—(3) Heobxo-
TUMBIM 00pa3oM JeTaTM3UPOBAaHBl U COAEP)KAT MOTPEOHBI HA0Op MapaMeTpoB ISl TPOBEACHUS OIEHKH
BIUSTHUSI CKJIAIBIBAFOIIEHCS CTPYKTYPBl BarOHOTIOTOKA M TPY30IIOTOKA HA IKCIUTyaTHPYEMBIA MapK JOKO-
MOTHBOB U UX CPEIHECYTOUHYIO MPOU3BOAUTEIBLHOCTD. [I[puMeHeHe METOIUKH TTO3BOJIUT MTOBBICUTH YPO-
BEHb JOCTOBEPHOCTH MPH TIAHUPOBAHHH TATOBBIX PECYypPCOB B ITOE3AHOM padoTe.

CHucoK JIMTepaTypbl

1 Meronuka pacdera IMOTPEOHOTO Mapka MOE3IHBIX JIOKOMOTHBOB B I'PY30BOM COOONICHHH : yTB. MPUKAa30M 3aMECTHTEIS
HauaybHKUKa benopycckoii skene3noit gopory, 13 okt. 2017, Ne 1027H3.

2 Ompezienenre HaNpaBIeHUH pa3BUTH BelopyccKoil jKkene3Hoi AOpord M peanu3auud HHYPaCTPyKTYPHBIX MPOCKTOB IS
OCBOCHHSI MEPCIEKTUBHBIX 00BHEMOB mepeBo3ok : otdetr o HUP (3akmiou.) / Ben. roc. yu-T TpaHncm. ; pyk. O. H. Jlucorypckuii. —
T'omens, 2020. — 191 c.
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NIEHTHOUKANIUA PUCKOB SKCHJIMYATAIII/IOHHOI‘/‘I PABOTbI
KEJE3HOJOPOKHOU CTAHIIUHN
C UCHIOJIB30BAHUEM INPOLHECCHOI'O IOAXOJA

E. A. ®EJJOPOB, O. H. JIICOI'YPCKUH
benopycckuii cocyoapcmeennsiil yHugepcumem mpauncnopma, 2. I omens

A. b. MAKPHUJIEHKO, K. Y. I'EJ[PUC
benopycckasa sicenesnasn oopoea, . Munck

C magama XXI| Beka B ympaBleHHH OpPraHU3aIUAMH MPeo0IafaloT ABa MOAX0/a: (yHKIIMOHAIBHBIA H
MIPOLIECCHBIH.

OYHKITMOHAIBHBIN MOAXO0]T MPEAToaraeT aejeHnue IpoIecca MPOou3BOACTBA HA OTICIHHBIC OMEPAIIHH
(byHKIIMM) ¥ cO37aHKME OTICNIBHBIX MOJPA3ICICHUN I Kaxaod u3 QyHkiui. /JocTOMHCTBAMH Takoro
MOAXOAa SIBIISIOTCS: CIIeNMAIU3anus MOAPa3eICHI U CTPOTrO BBIPAKCHHAS BEPTUKAIbHAS IOTIMHEH-
HOCTb, KaK CJIEJICTBHE — JOCTATOYHO TIOHSATHAS CHCTEMa YIPaBJICHHS, T/Ie HIDKHUE YPOBHH MTOTYUHSIOTCS
HaxosAmuMcs Boimie. OHIM W3 TJIABHBIX HEJOCTATKOB OpTaHHU3allid, TPUMEHSIONINX (yHKIIMOHAIBHBIHN
MOJIXOJI, SIBJSIETCA CHCTEMa TUTAaHUPOBAHUS, KOTOpas 3a7aeT OTAeIbHbIE TUTAHBI KaXJI0My (YHKIIMOHAIb-
HOMY TOJIpa3NIeTICHUIO, B PE3yIhTATe YETO IUIAHOBBIC HOPMBI YaCTO OKA3BIBAIOTCS HE CBSI3AHHBIMHU MEXKTY
co00H, TPOUCXOIUT MEPEKOC B TUTAHUPOBAHUU U BO3HUKAIOT CUTYAIIMH, KOTJIA OTACIbHEIC MOApa3IeICHIS
BBITIOJTHSIFOT TIOCTABJICHHBIC IOKA3ATENIN, & OPTaHU3aIUs B 1[EJIOM — HET.

[Ipu mporieccHOM MOAXOJe KaXAblil BUJ JESITEIFHOCTH OPTaHHM3allMd pacCMaTpPUBAETCS Kak IMPOIece
MpeoOpa3oBaHusl HAYAIBHBIX PECYpPCOB B KOHEUHBIM PE3ylbTaT, TO €CTh B XOJI€ BBIIIOJHEHUS IpoIiecca
(Ha3BIBaeMOTro OM3HEC-TIPOIIECCOM) 3a/IEHCTBYIOTCS BCEe (DYHKIIMOHANBHEIE TIOIPa3/IeICHHS, YIaCTBYIOIINE
B TaKOM IpeoOpa3zoBaHuu. Torma BCS AeATEbHOCTh OPTaHU3alliid MOXKET ObITh MPEICTABICHA B BHJE CO-
BOKYITHOCTH KOHEUHOTO YHCIIa OU3HEC-TPOIIECCOB, IIOITOMY YIPABJICHUE MPOIIECCAMH TO3BOJISET KOHIICH-
TPUPOBATHCS HE HA pabOTe KaXAOT0 U3 MOAPa3ACIICHNI, a Ha pe3yibTaTax paboThl OpTaHU3AINH B IIEIIOM.

JIroboii 6uszHec-porece, B CBOIO O4epe/ib, MOXKHO MPEICTABUTh B BUE MOCICIOBATEILHBIX JCHCTBHIA,
KOTOpbIE HalpaBJeHbl HA JOCTUKEHUE YCTAaHOBJIECHHOTO 3apaHee pe3yibrara. [loaToMy, mpoueccHbIil noa-
XOJl K YIPABJICHUIO I€TIACT OPTaHU3ALUIO HALICJICHHOM Ha eIMHBIA KOHEUHBIN Pe3yIbTaT.

[IporieccHBIN MOAXO/ MO3BOJISET CMEHUTh CUCTEMY YIIPaBICHUS ACSATSIBHOCTHIO OPTraHU3aIMN — MPO-
HCXOIIUT TEPEX0]l C BEPTHKATHHOW OPUEHTAITNH (OTHOIICHWH «PYKOBOJIUTEIH — MOAYMHECHHBIN) HA TOPH-
30HTaJIBHYIO (OTHOIICHUS «BJIAICTIEI] TIPOIECCa — UCIIOTHUTEIIDY).
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