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IMPROVING THE TRANSPORT PROCESS OF CARGO TRANSPORTATION IN
CONTAINERS
H.S. Baulina, PhD (Tech.), Associate Professor, I.V. Kernytskyi, postgraduate, Anishchenko
V.V., Storozhuk A.V., master's students
Ukrainian state university of railway transport, Kharkiv

Container transportation by rail is one of the most efficient and reliable ways of transporting
goods over long distances. They are widely used in international logistics and provide a high level
of service and quality of transportation. Container transportation allows for quick delivery of goods
to customers with a smaller number of cargo operations, which allows to reduce the costs of
transporting goods. This is beneficial both for rail transport and for cargo owners, freight
forwarders, logistics companies and other modes of transport that interact with the railway.

The indicators of the volumes of cargo transportation in containers were studied and it was
established that in 2023 they turned out to be 34% larger than in 2022. According to the
nomenclature of cargoes, in 2023, grain was transported most in containers - 49%, and ferrous
metals - 17%. Export transportation of goods in containers in 2023 amounted to 124,946 TEU,
import - 37,083 TEU, domestic - 38,387 TEU, transit - 844 TEU.

In order to increase efficiency, reduce transport costs and maximize the use of container
transportation resources, based on the relationship between the container terminal adjacency station
and the port station in modern conditions, the transport process of cargo transportation as part of a
container train was studied. The task of optimizing the technology of cargo transportation in
containers to the port has been solved. Operating costs arising during the implementation of the
technological process of formation and routing of a container train in the direction of the seaport
were adopted as an optimization criterion.

The objective function reflects the costs associated with the handling of wagons at the
container terminal docking station and at the seaport docking station, the costs of shunting work at
the container terminal docking station and at the port station, the costs of routing the container train
to the port station. Also taken into account are the costs associated with the delay of wagons, which
may occur due to various disruptions in the transport process and unforeseen circumstances.

Rail freight transport is a complex stochastic system affected by failures and disruptions
caused by various causes such as:

— failures in the technological processes of railway stations and enterprises;

— failure of technical means;

— violation of transportation conditions;

— extreme weather events;

— infrastructure damage due to military actions;

- mistakes of operatives.

All this leads to time delays at various stages of the transport process: at stations and on the
approaches, at the cargo owner or on the route. In addition, it causes non-observance of the traffic
schedule and violation of deadlines for the delivery of wagons to port stations for the transfer of
containers to ships. Understanding and predicting the delays caused by the occurrence of these
failures and disruptions can limit their impact on the system-wide schedule through early warning,
prompting mitigation measures. The conducted studies proved that the delay time of cars has a
stochastic nature and is subject to the normal distribution law.

The proposed optimization model was created in order to minimize the total costs in the
process of forming and transporting a container train, which means maximizing the use of
resources. The result also shows that the organization of container transportation should try to
satisfy the direct loading condition of "train-ship" while reducing the storage time in the station
warehouses. In addition, the formed model takes into account costs associated with delays at
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various stages of the transport process. Taking into account the received data on the places of delays
and their causes, it is necessary to lay time reserves on the route of container trains.

KOMIT'FOTEPHE MOJIEJIOBAHHSA '’TEOMETPUYHUX 3ATAY
Cupos €.B., rpyna ATII-22 1, Kapmtok JI.B., cr.Bukiiagaud, Kaprieako A.I1
CxioHOyKpaincokutll HayioHanbHull yHigepcumem imeni Borooumupa /lans

[HupoxomacmtabHe BripoBapKeHHS [T - TEXHOIOT1H B OCBITHE CEPEOBUINE HAOIMKAETHCS
70 TaKOTO CTaHy, KOJIM iX OpraHi3allisi B paMKax HaBYaJIBHOIO MpoIleCcy HaOyBae HOBOI SIKOCTI:
«MPAaKTUYHO BUKIIIOYAaE€ a00 3MIHIOE TPAJUIINHI BUAM 3aHATH». TakK, y HaBUaJIbHOMY Kypci
«lHxeHepHa rpadika», sSKa BKIOYaE Takl AUCHMIUIIHM, sK «HapucHa reomerpis» Ta
«Komn'torepHa rpadika», rpadiyHi cnocodn nody10BU KPECICHHUKIB BIIKUIM CBO€E, BOHU 3apa3
pealti3yroThCsl B YHIBEpCAIbHUX TpadiuHUX CUCTEMaX MPOEKTYBAHHS, K1 I03BOJSIOTH HE TLTHKH
pO3pOo0JISATH JABOBHUMIPHI KPECICHWKH, a W MOJENIOBATU CKJIATHI TBEPIAOTUIBHI KOHCTPYKIIIi,
3HAMOMCTBO Ta OCBOEHHS SKHUX 3JIHCHIOETHCA TPH BHBYCHHI JucHUILIiHU «KoMITroTepHa
rpagikay.

MOXITUBOCTI TBEPAOTUTPHOTO MOJICITIOBAHHS JO3BOJITIOTh aBTOMATHYHO (OpMyBaTH
KPECJICHUKHU Yy HEOOXITHUX BHU/IaX 3 MOOYA0BaHOI TPUBUMIPHOI Moieli. Taka TEXHOIOTis CTBOPIOE
YMOBH  CTyJIeHTaM pO3YMITH TPUHIMUIINA BHUKOHAHHS POOOYMX KPECICHHWKIB JIeTali,
CHIBBIIHOIIEHHS] MPOCTOPOBOTO 300pakeHHs JAeTall Ta il MPOEKIIA 3 PI3HUX CTOPIH, a TAKOX
MIEPETHHIB Ta MEpepisiB.

HapucnHy reomerpito BuaIsIE Ta 00CTaBHHA, 110 BOHA /IS BHPIMICHHS CTEPEOMETPUUHUX
3aBJiaHb BUOMpae rpadiuHuil METO/, Y IKOMY BIACTUBOCTI PI3HUX T'€OMETPUYHUX (DIryp BUBUAIOTH
0e3mocepeTHbO0 MO TpapiyHUM 300paKEHHAM, TOOTO 3a KpECICHUKaMU. YMIHHS OINEepyBaTH
rpaiuyHAMH  MOJACISIMH TPEAMETIB, (OPMYBaHHS HABUYOK KOHCTPYIOBAaHHS Ta PO3BHUTKY
IPOCTOPOBUX YSBJIECHb Yy CTYJEHTIB Ha MOYATKOBIA cTajii HaBuaHHSA, TOOTO Ha 1-My Kypci,
BIABOIUTLCS LM TUCIIUATLIIHI.

VY Toli ke 9ac HapuCHA TE€OMETPIsl BIIHOCUTHCS JI0 Traiy3l 3HaHb, KA 1/IeaJIbHO BIJIMOBIIA€
i71e1 KOMI'TOTEpPHOTO TEOMETPUYHOTO MOJICTIOBAHHS, 3aJUIIAETHCS 0Aa30BOI0 TUCITUILTIHOKO JIISI
OyIb-SIKOTO MPOIIECY TPOEKINIOBaHHA. Tak, Hampukiaia, BigoMi 3D-TexHONOrii 3acHOBaHI Ha
AaBTOMATH30BaHIi MOOYIOBI KPECICHHWKIB 3a TOMEPETHHO CTBOPEHOI O00'€MHOIO MOJIEIUTIO
(moBepxHe0), sfKi BUBYAIOTHCA B Kypci HapucHoi reometpii. Kpim Toro, o0'ektu HapucHoi
reoMeTpii ONMUCYIOTHCS MAaTEMaTUYHUM anapaToM aHaJiTHYHOI Te€OMETPIi, a 11 € Ta JOTiYHa OCHOBA
CKJIQJIaHHS aJITOPUTMIB 1 TIpOrpaM JIT KOMITFOTEPHOTO BUPIIICHHS T€OMETPUYHHMX 3aBJIaHbh Ha
nepconanpHoMy Komi'torepi (I1K).

Kowmm'toTepHe Mo/ie/mi0BaHHs TeOMETPUYHUX 3aBJIaHb IPYHTYETHCS HA CUCTEMHOMY ITiJIXO/Ti,
10 J03BOJISIE PO3MISAATH HAPUCHY TEOMETPII0 SK MIACHCTEMY IEpIIOTO PIiBHSA B i€papXidyHiit
CTPYKTypi. Takuil CHCTEeMHHMH MiAXiA MOYKHA peai3yBaTH y BHUIIAAI CKJIAJaHHS aJTOPUTMIB
rpagiyHOTO PO3B'A3aHHA T€OMETPUYHMUX 3aBAaHb 3 AHAJOTIYHOIO PO3POOKOI0 1X aHaNITHYHHUX
EKBIBAJICHTIB 3 HACTYMHOIO MIPOrPaMHOI0 peaii3alli€l0 Ha KOMI'IoTepi, TOOTO AJA TOTO, 00
YCHINIHO TPAIIOBaTH 3 KOMITIOTEPOM Y JialoTOBOMY PEXHMi, TMOTPIOHO MaTH alTOpPUTMIYHE
MUCJICHHsS, TOMY IO BBEIEHHA TIpadiuHUX 3aBJaHb Y KOMII'IOTEp 3A1MCHIOETHCA TUIBKU 32
JOTIOMOT OO AT OPUTMIB.

VY 3B'M3Ky 3 IIUM BeIMKE 3HA4YE€HHs Mae€ (OPMYBAaHHS AITOPUTMIYHUX 3HAaHb, YMIHb Ta
HaBUYOK CTYJEHTIB IIPU BUPILLIEHHI reoMeTpo-rpadiunux 3apaanb Ha [IK y miamoroBomy pexumi.

VY CBiTJII BHIIECKA3aHOT'O HAIIOI0 METOK € UTIOCTpallis HEOOXiTHOCTI BHUKOPHUCTAHHS
nepcoHanbHoro komm'rotepa IIK, sik cydacHOro TexHiyHOro 3acoOy HaBYaHHS, HIO JO03BOJISE
BUKOPUCTOBYBATH TI€peBarn KOMIT'IOTEPHOTO MOJENIOBAaHHS MpU BUPIMIEHHI CKJIAQAHUX
TFeOMETPUYHHX 3a7a4 KypCy HapHCHOI TeOMeTpii 3a JONMOMOT0I0 CKJIalaHHS aJIfOPUTMIB.
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