YESSENOV SCIENCE JOURNAL Ne2 (47)-2024 /[l YESSENOV SCIENCE JOURNAL 2024, Vol.47 (2)

SCIENCE: RESEARCH AND PRACTICE

UDC 656.073.7
MRNTI 73.34.75
DOI 10.56525/CZAI12821

THE ROLE OF TRANSFORMATION
CENTERS IN THE MULTIMODAL
FREIGHT TRANSPORTATION SYSTEM

P. KOZHABEKOVA

M. Auezov South Kazakhstan
University

Shymkent, Kazakhstan.
E-mail: pernesh-63@mail.ru

Abstract. Transformation centers, as objects of transport infrastructure integrated with a
complex of warehouse facilities, perform the most important functions in a multimodal freight
transportation system. The article examines the effectiveness of transformation centers that
implement effective interaction of transports in a multimodal transportation system. The stages of
the logistic approach in choosing the location of transformation centers are investigated. It is
determined that transformation centers, being the basis for the creation of macrological transport
and storage systems of the appropriate level, perform the functions necessary to smooth out
irregularities, inaccuracies in production turnover, consumption, and functioning of modes of
transport. The main point of view is investigated and analyzed, which provides for the
implementation of transformation centers in the form of an integrated transport terminal
infrastructure in order to optimize the stages of movement of material flows in the logistics chain.
The results of the study showed that in maritime transport, the main factor in the development of
transport container terminals, as varieties of transformation centers, is the creation of means of an
integrated transport terminal infrastructure of a concentrated system for the movement of material
cargo flows.

Key words: multimodal cargo transportation, transformation center, material flows, transport
and warehouse complex, transport and logistics chains, container terminal, automated container
terminal management system.

Introduction. The stages of material flows advancement between the elements of the
processes of production, commodity circulation and consumption are provided by the
transformation centers of transport spheres, which are the most important links of logistic chains.
The specific weight of shipments between transformation centers of different levels reaches
60~80% in the total amount of transportation. Stability of economy and economic relations, large
technological capacities focused on optimization of transportation allow to develop and, most
importantly, to observe necessary modes and coordinated schedules of work, to establish
centralized operative management of material flows. Transformation centers of regional and local
levels are the basis for the creation of appropriate transport and warehousing systems.

Materials and methods. In water transport, the decisive factor in the development and
formation of container transport terminals (Fig.1), which are variations of transformation centers,
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was the formation of complexes of means of transportation, centralized cargo transportation
systems. The structure of the marine container terminal is shown in Fig. 1 and includes various
zones for carrying out loading and unloading operations with container ships. The efficiency of
the terminal is determined primarily by the resources of the berth.
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Figure 1 - Structure of the marine container terminal

The marine container terminal, being the center of transformation in the implementation of
the responsible tasks of the multimodal transportation system, implements the main solutions for
optimizing mutually beneficial partnership between various types of mainline and local transport.
The complex of technological cycles of terminals provides for the implementation of import,
export and transit production transport processes

Along with this, the support of the complex of technological cycles of terminals by a number
of auxiliary operations is being implemented:

- preparation of plans and recording of time and schedule stages for all stages of complex
technological cycles of the terminal;

- monitoring of technical conditions and readiness of containers for transport operations;

- providing a range of services to the clientele, payment and financial services;

- elimination of errors and shortcomings in transport operations

In the system of multimodal cargo transportation, the logistics concept assumes the need to
locate and establish transformation centers as transport terminal complexes, warehouse complexes
of seaports in order to create the effect of enhancing the positive results of the interaction of factors
characterizing the optimization of the processes of advancing material flows in logistics chains.
This systematic approach acts as the main criterion for the implementation of common strategic
goals of macrological systems of all levels. Figure 2 shows the technological cycle of the cargo
terminal, acting as a kind of transformation centers.
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Figure 2 - The technological cycle of a cargo terminal acting as a kind of transformation
centers

Cargo flows in any direction at the terminal flow through a connected chain of technological
elements: a marine cargo front, a warehouse, a rear cargo front and internal terminal transportation
systems connecting them. The representation of the terminal in the form of a link in the movement
of cargo flows is shown in Figure 3.

The values of the calculated volumes of cargo handling of cargo flows are determined in the
following sequence:

The volumes of average monthly cargo handling of individual cargo flows are calculated
using the formula:

Qaver. = (Q1,+ Q2+ ... +Qi)/n 1)

where: Qi — the values of the monthly volumes of cargo handling of cargo flows, tons;
n — the number of months for cargo transshipment of cargo flows, according to the
obligations established by the agreement.

The degree of deviation is calculated, which establishes the dispersion of individual
quantities:
P=((Q12 + Q22 + ... + Qn2)/n — Qjn2)*n/(n-1)
(2)

According to the parameters n — 1, the values of confidence probabilities (Vb) are
established, used to establish the maximum and minimum values of confidence intervals of
monthly cargo handling volumes:

Qmax = Qjn+Vb*(P/n)0,5
©)

Qmin = Qjncp-tb*(P/n)0,5
(4)
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For all cargo flows, in order to analyze estimates of the numerical values of the parameters
of the cargo base of terminals by stages of transshipment of cargo flows, according to the plan of
interactions of adjacent modes of transport, the values of confidence intervals for the volume of
cargo handling of cargo flows are applied.

MCF ITT1 Warh. ITT2 RCF

MCEF - marine cargo front, ITT - internal terminal transportation,
Warh. - warhwarehouse, RCF - rear cargo front.

Figure 3 - Terminal as a chain of cargo flows

Interaction between the mainline and local transport is carried out through transformational
centers of the regional level. Interaction between local public transport and corporate
(departmental, individual) transport is carried out through local transformation centers [1,2].

Results. As a rule, transformation centers for transformation of material flows have
appropriate systems of storage and processing, which are based on a complex of warehouse
facilities. Therefore, highlighting the most important elements of the material flow management
systems, they are called transport and warehouse systems.

With the known parameters of the material flows passing through the macro-logistic system
(local, regional, etc.), the value of the total logistics costs will vary depending on the location of
the transformation center. The reason for this is the direct dependence of the total transportation
costs for the promotion of material flows from the generating transformation center in the area to
the destinations of material flows.

The logistic approach in selecting the option for the location of the transformation center
requires the following steps:

1. Conducting a study of the market conditions of logistics services.

2. Formalization of strategic goals of the logistics system (local, regional).
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3. Development of forecasts of the state and parameters of material flows through a given
macro-logistic system. Forecasting of quantitative and qualitative parameters of inventories in the
logistics system, as well as in individual sections of the logistics chain.

4. Development of a conceptual material flow management system.

5. Drawing diagrams of the dislocation of material flows within the logistics system.

6. Determination of criteria and system of logistics service parameters with the establishment
of the lower bound. Development of a program for improving the logistics service to consumers.

7. Implementation of the choice of the option of the location of the transformation center.
The decision should be made on the basis of aspiration to minimize the reduced costs.

Warehousing facilities, between production and transport, transport and consumers, perform
the most important functions necessary to smooth the unevenness, inaccuracy of turnover of
production, consumption, functioning of modes of transport. Given this, in the processes of
promotion of the material flow through logistics chains, the presence and functioning of
transforming forms and parameters of material flows, which provides for the presence of
warehousing at the macro-logistic level [3-5].

The logistic concept assumes the necessity of location and establishment of transformation
centers as transport terminal complexes, warehouse complexes of universal purposes of branch,
regional systems of warehouse processing from the point of view of the system approach to create
the effect of amplification of positive results of interaction of factors characterizing optimization
of processes of advancement of material flows in logistic chains. This system approach acts as the
main criterion for the implementation of unified strategic objectives of macro-logistic systems of
any level. Transformation centers, performing the functions of elements of the logistics supply
chain, are concentrated in the centers of concentration of material flows and are aimed at forming
the acquisition of material cargo flow through mainline transport (Fig. 4). The main function of
transformation centers with regional status is the implementation of mutually beneficial
partnership of local and mainline transports. The functions of local transformation centers are the
implementation of mutual cooperation between local public transport and corporate transport. In
accordance with the demands of consumers, modern conditions for the development of market
relations dictate the insufficiency of using only direct functions for the transformation of material
flows. In the context of the functioning of the local transformation center, in addition to the
implementation of complex basic logistics operations, additional functions are performed at the
stages of developing operations for the readiness of transport cargo flows for production
consumption in electronic form. This determines the representation of transport and warehouse
systems of transformation centers as varieties of flexible production-logistic systems [6,7].

Cargo arrival at the terminal

h 4

Unbundling zone, cargo sorting |, Picking area, cargo grouping

v 1 v 1

Port warehouses of the terminal

:

Shipment of cargo from the terminal

Figure 4 - Transport port container terminal in the role of transformation center
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In transport activities, the operation of port container terminals in comparison with the
transport and warehouse infrastructure provides for the implementation of auxiliary operations
together with the involvement of automated container terminal management systems (ACTMS)

This automated management complex significantly reduces the narrow issues of production
management, which are characteristic of traditional methods of organization in transport and
provides:

- preparation, cumulation, processing and transfer of operational information on container
cargo flows;

- the establishment of a database of: shippers, consignees, cargo flows;

- reviewing the presence and handling of containers (factors for idle containers, commercial
container rental operations, diagnosis and formation of container units for repair);

- search activities in cases of search for lost containers.

Discussion. The operation of automated container terminal management systems (ACTMS)
in the production structure of port container terminals provides a significant reduction in the stages
of cargo delivery, reducing downtime of rolling stock, accelerating the turnover of container units
[8]. The automated system provides an opportunity to manage the work of transshipment
equipment, transport and personnel, control the movement of containers, and also contributes to
the rapid planning of tasks for personnel, taking into account the current situation. In general, this
determines the increase in the capacity of the container terminal.

The calculation of the maximum number of cargo flows processed in the conditions of
container port terminals is performed according to the formula:

Por = 24 XE,, X Kieen (m | day) ®)

here: E, - freight rate;
Ktech - Ship's technical operation factor.

Eﬂ = Nyx P3 (6)
here: N, - the number of complex automechanized technological machines of the cargo berth
P,. - operating capacity of one mechanical unit.

P3=meTgr/Tom (7)

here: P,, - average technical capacity of one unit;
Tyr - operating time per shift (6.5 hours);
Tom - Work shift duration (8 hours);
The calculated need for container terminal berths is determined by the formula:

No = Qmec /30deanymethZan (8)
here: Qmec. - the design turnover of the tonnage of the cargo berth , t/month;
Puday. - the number of overloaded loads per shift , t/day;
Kmet. - monthly time indicator of cargo berth operation according to weather conditions;

Kian. - the index of occupancy of berths by ship handling during the month.

Dominant in the conditions of production and logistics systems for the transformation of
material flows at the modern stages of development are transformational centers of universal

268



YESSENOV SCIENCE JOURNAL Ne2 (47)-2024 /[l YESSENOV SCIENCE JOURNAL 2024, Vol.47 (2)

forms, performing processing in addition to container and other inflows of material flows. These
transformation centers are inherent in the transport hubs serving the cargo flows of various
nomenclatures of multi-branch purposes [9,10].

In modern conditions of development of transport production, the logistics transformation
center, being a functional element of the transport infrastructure, combined with a warehouse
complex, implements solutions to the most important tasks of optimizing effective route schemes
for the movement of cargo flows. Generates rational volumes of shipments and ensures compliance
with the time limits for the delivery of cargo flows.

Conclusion. Transport port container terminals, as varieties of transformation centers for the
transformation of material flows are the most important links in logistics chains and, acting as
flexible production and logistics systems for the transformation of material flows, form the basis
for the creation of macro-logistic transport and storage systems of corresponding levels,
performing the most important tasks of implementing mutual cooperation of main and local types
of transport.
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Koowcaovexoesa I1.A.
M. Oyezo6 amvinoazvl KEAK Oymycmix Kazaxcman ynusepcumemi
Hlvinkenm, Kazaxcman.
MYJbTUMOJAJB/bBI KYK TACBIMAJIIAY KYWUECIHAEI'T

TPAHCO®OPMALUAJIBIK OPTAJIBIKTAPIBIH POJII
Anoamna. TpanchopManMsUTBIK  OpPTaJbIKTAD KOWMa  KYpPBUIBICTAPHI  KEHIEHIMEH
OIpIKTIpUITEH KeJIiK HWH(PPaKYPbUIBIMBIHBIH OOBEKTUIEpl pETIHAE JKYK TachIMalIay/IbIH
MYyJbTUMOJAIBABl  JKYMECIHIe  MaHbI3Abl  (QYHKOUSUIApABl  OpbIHAAabl.  Makananga
TachIMaJIayAblH MYJIbTHMOAANBIBI KYHECIHAE KOMIKTEPAIH THIMAL ©3apa ic-KUMBUIBIH JKYy3ere
aceIpaThiH TPaHCHOPMANMSUIBIK OPTAIBIKTAPABIH THIMIAUIIT 3epTTenreH. TpaHchopManmsuIbIK
OPTANBIKTAP/Ibl OPHANACTHIPY HYCKACBIH TaHJAy Ke31HJE JIOTUCTUKAIBIK TOCUIMIH Ke3eHaepl
seprrenai. TpaHnchopManusIbIK OPTAIBIKTAp THICTI JEHTEHJEerT MaKpOJIOTHSIIBIK KOJIIK-KoWMa
KYHenepiH Kypyra Heriz 0oia OTBHIPBIN, OHAIPICTEPAIH, TYTHIHYJApAbIH, KOJIK TYpJIEpiHiH
JKYMBICBIHBIH OIpKeNki 00O0pOCTIriH, AQJCI3MIKTEPIH TETiCTey YIIH KaKETTI (QYHKIHMSIApIbI
OPBIH/IAWTHIHBI AHBIKTAIABL. JIOTHCTUKANBIK Ti30€KTEeri MaTepUaibIK aFbIHAAPIBIH KO3FaIy
KEe3eHJEPIH OHTaWIaHABIPY MaKCaThIHJIAa KEUIEHl KONIKTIK TEPMUHAIABIK HHPPAKYPHUIBIM
TYpiH/e TpaHC(HOPMAIMSIIBIK OPTATBIKTAP/IbI ICKE aCBIPYAbI KO3ACHUTIH HET13T1 KO3KapacThl Tal1ay
3epTTEIAl JKOHE OpPBIHIANABL. 3€pTTEy HOTIDKEIepl TEHI3 KOJIriHAe TpaHCHOPMAaIHSIIBIK
OPTANBIKTAPIBIH COPTTAPHI PETIHIE KOMIKTIK KOHTEHHEPIIK TepMUHATIAAPABI JAMBITYIBIH HET13T1
(bakTopel MaTepUaNABIK JKYK aFbIHAAPBIHBIH IMOFBIPJIIAHFAH KO3FAJIBIC JKYHECIHIH KEeIIeH Il
KOJIIKTIK TEPMHUHAJIBIK MHPPAKYPBUTBIMBIHBIH KYpaJIJapbIH KYPY OOJIBIN TaObLIATHIHBIH KOPCETTI.
Kinm co30ep: MynbTUMOJANbIBl YK TachbIMajibl, TpaHCHOPMALUSIBIK OPTAJBIK,
MaTepUaIbIK aFbIHIAp, KOIIK-KOWMa KElIeHI, KOJIK-JTOTUCTHKAIBIK Ti30eKTep, KOHTEHHepIiK

TEPMHHAJ, KOHTEHHEPIIIK TEPMUHAIIIbI OacKapyAblH aBTOMATTaHAbIPUIFAH KYHecl.

Koowcabexosa I11.A.
HAO FOxcno-Kazaxcmanckuu ynugepcumem umenu M. Ayszosa
Hvimxenm, Kazaxcman
POJIb TPAHC®OPMAI[HOHHbBIX I[EHTPOB B MYJIbTHMOJATbHOH CHCTEME
I'PY3OIIEPEBO30K

Annomayua.  TpancpopMarMOHHBIE  LIEHTPHI, KaKk  OOBEKTHl  TPAHCIOPTHOMH
UHQPACTPYKTYpbl, HUHTETPUPOBAHHBIE C KOMIUIEKCOM CKJIAJCKUX COOPY’KEHHH  BBIMNOJHSIOT
BaXHEHIIMEe (QYHKIUMH B MYJIbTHUMOJAIBHON CHCTEME Ipy30IepeBo30K. B cTarbe mccienoBana
3O PeKTUBHOCTh  TPAaHC(HOPMAIMOHHBIX  IIEHTPOB, KOTOpblE peanu3yioT 3PGheKTHBHOE
B3aMMOJIEMCTBUE TPAHCIIOPTOB B MYJIbTUMOJAIBHON CUCTEME NIEPEBO30OK. lccimenoBansl aTamnsl
JIOTMCTUYECKOT0 MOJXO0/a IIPU BBIOOPE BapHaHTa pa3MEUICHUs TPAaHC(HOPMALMOHHBIX LIEHTPOB.
OmnpeneneHo, YTO TpaHCc(OpPMAIMOHHBIE IIGHTPHI, SABISASACH OCHOBOM Ui  CO3JAaHHMA
MaKpOJIOTUCTUYECKUX TPAHCIIOPTHO-CKIIAJACKUX CUCTEM COOTBETCTBYIOIEIO YPOBHS, BBIIIOJIHSIOT
(GYHKIMM HEOOXOIUMBIE TIO CIIaKMBAaHUSIM HEPABHOMEPHOCTEH, HETOYHOCTEH 000pOTOB
IIPOM3BOJICTB, NOTpeOIeHUH, (YHKIIMOHUPOBAHUI BUAOB TpaHcHopTa. MccnenoBan U BBIIOIHEH
AQHAJIN3 OCHOBHOW TOYKHM 3pEHMs, MpEeAyCMaTpUBAIOIIEH B LENAX ONTUMHU3ALUU  ITAloB
NEPEMENICHU  MaTepUalbHBIX  TOTOKOB B JIOTUCTMYECKOM  LENU  peaau3aluio
TpaHC(OPMAIMOHHBIX LIEHTPOB B BUJEC KOMIUIEKCHOH TpPAaHCIOPTHOW TEPMHUHAIBHOM
UHQPaCTpyKTypbl.  Pe3ynbraTsl HccleOBaHMS IIOKa3ajld, YTO Ha MOPCKOM TpPAHCIOPTE,
OCHOBHBIM  ()aKTOpPOM  pPa3BUTHS  TPAHCIOPTHBIX  KOHTEHHEPHBIX TEPMHUHAJIOB,  Kak
Pa3HOBHUIHOCTEH TPaHCPOPMALMOHHBIX LIEHTPOB - SIBISETCSA CO3JAHUE CPEJCTB KOMILJIEKCHOMN
TPAHCHIOPTHOM TEepPMUHAIBLHOW HMH(PPACTPYKTYphl ~ KOHUEHTPHUPOBAHHOM CHUCTEMBI JBHXKCHHS
MaTEpUAIbHBIX I'PY30IOTOKOB .

Knwueevie cnosa: MynbTUMOJANbHBIE TPY30IEPEBO3KH, TPAHC(HOPMAIIMOHHBIA IIEHTD,
MaTepHaIbHbIE IOTOKU, TPAHCIIOPTHO-CKJIAICKON KOMIUIEKC, TPAHCIIOPTHO-IOTMCTHYECKUE LICTIH,
KOHTEHHEPHBI TEpPMMHAJI, ABTOMAaTU3UPOBAHHAS CHUCTEMA YIIPABICHUS KOHTCHHEPHBIM
TEPMHHAIIOM.
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