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Annotation. In maritime logistics, automation of seaports performs the most important
functions to ensure stable high growth in international shipping volumes and strengthen
competitive and price pressure in the business of shipping companies. The article provides a
comprehensive assessment of the effectiveness of the automated Container Terminal Management
System (CTMS), designed to automate the management of the container terminal and all
operations with containers and cargo. It has been established that CTMS, in comparison with the
automated container site management system (ACS MS), has a number of advantages in
accelerating the turnover of containers at the terminal by optimizing storage locations and the
possibility of operational control over the operation of the terminal. The possibilities of a
significant increase in the speed and accuracy of container cargo handling using CTMS have been
identified. The main directions of effective functioning of CTMS are defined, taking into account
the fact that all operations controlled by it are carried out using mobile data collection terminals.
Their use when performing operations in a warehouse allows you to reduce the number of errors,
the time of operations, and provides the opportunity to obtain accurate information in real time.

Keywords: Automation of management, container terminal, containers, container turnover,
storage, loading, personnel management, operational control

Introduction. In logistics, container terminals play an important role in the organization of
intermodal cargo transportation. In the role of transit and distribution centers, they represent such
a complex object in the information and technical sense with a large document flow that effective
management is impossible without the use of new information technologies. Using the example of
a complex object, container terminals can be described as an open physical flow system with two
external interfaces - a land interface and a marine interface. Figure 1 shows an overview of the
container terminal architecture [1-5].

The competition between shipping companies for attracting a large flow of containers has
gone beyond the maritime boundaries represented by suppliers of marine transport hubs-ports for
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ship accommodation. The evolution of cargo passing through container terminals, the complex
nature of these platforms and the dynamic processes of port handling require the development of
an effective container terminal management system. In this regard, a new class of systems has
emerged among the management systems — automated container terminal management systems
(Container Terminal Management System) [6,7].

Materials and methods of research. Automated container terminal management system
(CTMS) is designed to automate the management of the container terminal and all container and
cargo operations on the territory. It provides management of the work of loading equipment,
transport and personnel, control of container movement, operational planning of tasks for
personnel taking into account the current situation.
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Figure 1 - The general scheme of the container terminal as a complex object in the informational
and technical sense

All operations controlled by the automated container terminal management system are
carried out using mobile data collection terminals (MDCT). Their use when performing operations
in a warehouse allows you to reduce the number of errors, the time of operations, and provides the
opportunity to obtain accurate information in real time.

The result obtained during each operation is entered into CTMS from the data collection
terminal. The container terminal must have a deployed Wi-Fi radio network. CTMS is developed
on the NET software platform and in accordance with SOA concepts.

The container terminal is managed using such equipment as:
- industrial label printers manufactured by Zebra Technologies;
-high-quality radio equipment manufactured by Motorola (Symbol);

- RFID technology.

The interaction between CTMS subsystems is based on the exchange of messages for the
distribution of orders and the planning of processing operations. Agents use the Agent Interaction
Language (AIL) developed by the Foundation for Intelligent Physical Agents (FIPA). CTMS
modeling, by classifying into several subsystems, facilitates the stages of developing optimal
interaction with transportation providers. Classification consists in grouping agents with similar
goals to form consistent subsets. In addition, the classification of the system is based on criteria
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for evaluating the quality of grouping agents, such as a strong relationship between agents of the
same subsystem and a weak relationship between subsystems. CTMS consists of two main parts,
the first of which concerns risk management decision-making and consists of three subsystems: a
training subsystem, a supervision subsystem and a planning subsystem. The second part of the
system concerns processing operations in CT. It consists of three subsystems: the representation
subsystem, the subsystem of interaction with suppliers of road transport, the subsystem of
interaction with suppliers of maritime transport (Fig. 2). Modeling of the proposed system and the
definition of its functions are performed using the agent modeling language AML [7,8].
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Figure 2 - Classification of the CTMS into subsystems

The results of the study. Compared with the automated container site management system
(automated control system), CTMS has a number of advantages in accelerating container turnover
at the terminal by optimizing storage locations and the ability to quickly monitor the operation of
the terminal.

Let's analyze the tasks and functions of CTMS systems that differ from the tasks and
functions of the automated container site management system.

The tasks of CTMS systems include a set of solutions aimed at optimizing the operation of
container terminals:

1. Optimal use of resources:

- increasing the turnover of the container terminal by optimizing storage locations;

- optimization of container storage;

- automatic search for optimal storage locations;

- carrying out inventories without stopping the container terminal.
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2. Real-time warehouse management:

- accounting of all relevant information about the container;

- real-time reflection of all operations;

- the possibility of operational control over the operation of the terminal;

- up-to-date reflection of stocks and operations in the enterprise management system.

3.Personnel management:

- increasing the turnover of the terminal without increasing the number of staff;

- real-time management of warehouse equipment and personnel by issuing tasks by the
system;

- operation management of reloading equipment;

- formation of production reports;

- quick training of new personnel to work in the system;

- the possibility of using employee motivation schemes;

- user experience monitor.

Managing seaports and cargo terminals using CTMS TOS (Terminal Operation System) helps
to increase the economy and transparency of all logistics facility processes. The port/cargo
terminal management system comprehensively automates all operations and business processes:
from the planning of acceptance to the final shipment of cargo. Control of operations in the port
or at the cargo terminal is provided even at the stage of work planning: a scheme of a ship or a
train is created in order to effectively organize loading and unloading operations; registration of
car visits is automated in order to avoid queues from trucks at the entrance to the logistics facility.
The control of operations in the port and at the cargo terminal includes a rational approach to the
processing and placement of goods: container, general, bulk and bulk. Each category has its own
rules for processing, placement and storage. Many parameters are taken into account to minimize
the number of unnecessary operations and adjustments. The "profile” of each cargo contains a
complete history of all operations performed with it [9.10].

The port/cargo terminal management system integrates with ERP, as well as other software
and equipment of the logistics facility, which allows it to receive data and analyze all current
processes, increase the productivity of loading and unloading equipment, and effectively distribute
tasks among personnel. CTMS TOS Cargo (Fig.3.) monitors the operations of both container
rastark and container sealing. As part of the container processing process, operations are monitored
as container rastark (with a seal of the rastark act, further accounting of goods leaving the container
is not conducted in the system), or container rastark into a vehicle (cross-docking), with the seal
of the act of rastarki and container sealing, including sealing from the vehicle (cross-docking).

The functions of CTMS systems include operations:

- maintaining reference books of the system: container directory, cargo directory, container owners
directory, counterparty directory, loading equipment directory;

- planning of container placement areas;

- management of container operations: acceptance, shipment, inspection, weighing, repair, etc.;
- management of container movement strategies at the container terminal;

- managing the grouping of containers according to various criteria;

- operation management of reloading equipment;

- transport handling management;

- formation of production reports;

- billing.(collection of information on the use of telecommunication services).

CTMS functions include the management of the following factors:

- the address space of the container site, the territorial limitation of the container site;
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- container operations: acceptance, shipment, inspection, repair, etc.;
- the course of container movement at the container terminal,

- combining containers into stacks according to certain criteria;

- operation of reloading equipment;

- handling of transport: road and rail
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Figure 3 - TOS.Cargo - ship loading/unloading management

The functions of this system also include:

- maintenance of production reports;

- printing of a package of documents (acts, etc.);

- billing, collection of billing data and transfer them to the CIS in order to process and
generate an invoice for the services provided;

- integration of the container terminal management system with CIS;

- creation of system directories: container directory, cargo directory, container owners
directory, counterparty directory, loading equipment directory.

The terminal graphic display module includes a system that makes it possible to monitor the
terminal in a 2-dimensional graphical display mode. The graphical representation screen shows
the terminal areas, storage locations and equipment locations. Upon request for information about
the storage location, the system provides a list of containers available in it and detailed information
on them. Dispatchers' places of work are located on client workstations connected to the
application server and the database server The dispatcher is provided with a set of graphical tools
with which he can monitor the operational situation at the terminal, make the necessary decisions
in case of emergency situations, carry out appropriate planning of work on the movement of
containers at the terminal, configure the parameters of the planning system Let's analyze the
advantages of CTMS systems other than the automated container site management system.

The main economic results obtained from the introduction of CTMS systems:

- rational placement of containers;
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- elimination of container losses;

- acceleration of container handling;

- reduction of terminal operating costs, their optimization and transparency;

- optimization of the use of equipment and loading equipment;

- increasing the processing speed of motor vehicles, railway transport, ships;

- reducing the cost of operating loading equipment;

- reduction of idle mileage due to the use of optimization algorithms for the issuance of
works;

- reduction of the mileage of empty vehicles;

- improving the efficiency of personnel management;

- increase of staff productivity;

- reducing the cost of inappropriate use of personnel,

- saving time on registration of accompanying documents;

- access to the necessary documents in real time.

Conclusion. Thus, in comparison with the traditional container site management system, the
efficiency of using the STMS system for container terminal management ensures savings and
transparency of all processes of the logistics facility, comprehensively automates all operations
and business processes of the container terminal. In combination with the acceleration of container
turnover and the possibility of operational control over the operation of the terminal, this ensures
a reduction in terminal operating costs and an increase in the efficiency of personnel management.
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Taowinoe A.Y.Y, Cyiteyosa H .B.', Huy-Tuan Pham?
YII Ecenos amvinoasger Kacnuii mexHono2uanap scane uHICUHUPUHS YHUBEPCUMEM,
Kazaxcman, Axkmay
2Xo IIIu Mun mexnono2uansix sxcane biniv 6epy ynusepcumemi, Boemuam
TEHI3 JTOTUCTUKACBIHJIAFBI CTMS KOHTEMHEPJIIK TEPMUHAJIJIBI
BACKAPYJIbIH ABTOMATTAH/ABIPBIIFAH KYWECI

Anoamna. TeH13 TOTHCTUKACBIHAA-TEH13 HOPTTAPHIH aBTOMATTAaHABIPY XaIbIKAPAJIBIK TEHI3
TachIMallbl KOJIEMIHIH TYpaKkThl JKOFapbl ©CYyiH KaMTaMmachl3 €Ty JKOHE KeMe KaTbIHACHI
KOMITAHHSUTAPBIHBIH OM3HECI CcalachIHIAFbl OOCEKENEeCTIK »oHe O0ara KbICBIMBIH KYIICUTY
OOMBIHINIA aca MaHBI3bl (QYHKIUSTIAP,IBI OPBIHIANTBI.

Makanana KOHTEHHEp TePMHUHAIBIH JKOHE OapJIbIK KOHTCHHED JKOHE KYK OTepanusuIapbiH
Oackapyapl aBTOMATTAHJBIPyFa apHAIFaH aBTOMATTAHIBIPBUIFAH KOHTEWHEpP TEPMHUHAIBIH
Oackapy jkyHeciHiH (KOHTeiiHep TepMHUHAIBIH Oackapy kyieci - KTBX) tuimainirine kemrenmi
Oara Oepinren.  KonrteliHepiik amaHzpl OacKapyAblH aBTOMaTTaHIbIpbUIFaH kyiecimen (KA
BAX) canpicThipFania cakTay OpBIHIAPBIH OHTAMIAHABIPY XKOHE TEPMHHAI KYMBICHIH JKEIel
0aKpUIay MYMKIHITI eceOiHeH TepMUHAIIAFbl KOHTEHHEpIIep aifHaIBIMBIH XKeaeNeTy OoibIHIIa
OipkaTap apTHIKIIBUIBIKTapFa M€ €KCHIIT1 aHbIKTaNIbl. KoHTeltHEp TepMUHAIIBIH OacKapy kykect
naiijanany Ke3iHJe KOHTEWHEPIIK KXYKTepJi OHACY KbUIIaMIbIFBI MEH JOJIITIH alTapibIKTai
apTTBHIPY MYMKIHJIKTEP1 aHBbIKTaIbl. KoHTElHep TepMHUHAIBIH Oackapy >KyHheci THIMII KYMBIC
iCTeyiHiH Heri3ri OarpITTapbl OHBIH OaKbUIAYbIHIAFbI OapibIK orepanusiap MOOHIBAL JepeKTep
KUHAY TepPMHUHAIIJAPbIHBIH KOMETIMEH JKY3€Te aChbIpbUIAThIHIBIFBIH €CKEPE OTBIPBIN aHBIKTANIbI.
Omapapl  KoWMaJarbl oONepanusIapasl OpbIHAAY Ke3iHJAe MaijanaHy KaTelep CaHbIH,
OTIepANMSUTAPIBIH OPBIHJIATY YaKBITBIH a3alTyFa MYMKIHIIK Oepei, HaKThl YaKbIT PEKUMIHJIEC
HAKTHI aKmapaT alyFa MYMKiHIIK Oepei.

Kinm ce30ep: backapylpl aBTOMAaTTaHAbIPY, KOHTEUHEP TEPMHUHAJIbI, KOHTEUHEpIIEP,
KOHTEIHep aifHAJIBIMBI, CaKTay, THEY, IePCOHAIBI OacKapy, Keael OaKpuIay

Taowinoe A.Y.Y, Cyiteyosa H .B.', Huy-Tuan Pham?

YKacnuiickuii ynusepcumem mexuonoauti u unacunupunea um. LI Ecenosa, Kazaxcman, Akmay
2Xo IITu Mun mexnonocuueckuii u o6pazosamenvuulii yuugepcumem, Bvemuam
ABTOMATH3UPOBAHHASI CUCTEMA YIIPABJIEHUA KOHTEHHEPHBIM
TEPMMUHAJIOM CTMS B MOPCKOM JIOTUCTUKE

Annomayusn. B MOpPCKOW JIOTUCTUKE - aBTOMAaTH3alUsi MOPCKHUX IOPTOB BBIMOJIHSAET
BaXHEHIIMEe (YyHKIMM TIO  O0ECleYeHHI0 CTAaOMIBHOTO BBICOKOTO  pocTa  00BEMOB
MEXIyHApOJHBIX MOPCKUX TMEPEBO30K U YCWJICHHS KOHKYPEHTHOTO U IIEHOBOTO JIaBJICHHE B
cdepe Ou3Heca CyJJOXOIHBIX KOMIIaHHA.

B crarbe nana xommiiekcHass oueHKa 3((EKTUBHOCTH aBTOMAaTU3MPOBAHHOW CHCTEMBbI
ynpaeieHus: KoHTeiiHepHbIM TepmuHasioM (Container Terminal Management System - CTMS),
pelHa3HAaYeHHOW Ul aBTOMAaTH3allMU YINpaBICHHUS KOHTEWHEPHBIM TEPMUHAJIOM U BCEMHU
OIepalMsIMU C KOHTEHHEpaMH U Tpy3aMHU. VYcranosneno, uto CTMS no cpaBHEHHIO C
ABTOMATHU3UPOBAHHOW CHCTEMOM ympaBiieHus KoHTeiHepHoi muiomaakoit (ACY KII) obGmamaer
pSAAOM  TNPEMMYILECTB IO  YCKOPEHHIO 00OpOTa KOHTEHHEPOB Ha TEpPMUHAJIE 3a CU€T
ONTUMM3AIIMH MECT XPAaHEHHS U BO3MOXKHOCTBIO ONIEPATUBHOTO KOHTPOJIA 3a paboTOoN TepMUHAIA.
BrIsBiIeHBI BO3MOKHOCTH 3HAUUTENIBHOTO MOBBIIIEHUS  CKOPOCTH W TOYHOCTH 00OpabOTKH
KOHTEHHEPHBIX I'py30B Mpu ucnojbzoBanuun CTMS. OmnpenesieHbl OCHOBHBIE HamlpaBICHUS
apdexTuBHOrO PpyHkunonuposanusi CTMS c yueToM Toro, 4To Bce onepanuu, KOHTPOIUPyEMbIe
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€10 OCYIIECTBIISIOTCS C TIOMOIIBI0 MOOMIIBHBIX TEPMUHAIOB cOopa JaHHBIX. MX ncmonp3oBanne
IpY BHIITOJTHEHUH OTIEpaIyii Ha CKJIaJe MO3BOJSIET COKPATUTh YHCIIO OMINOOK, BPeMSI BBITTOJTHEHUS
oTepanui, Mpe1oCcTaBIsieT BO3MOKHOCTh TOTYYECHUSI TOYHON MH(OPMAIMK B peKUME pealbHOTO
BPEMCHH.

Knrouesvie cnoga. ABTOoMarusanus ynpaplIeHUs, KOHTEHHEpPHBIM TepMHHAN, KOHTEHHEPHI,
000pOT KOHTEIHEPOB, XpaHEHHE, TIOTPY3Ka, YIPaBJICHHE IIEPCOHATIOM, OTIEPATHBHBIH KOHTPOJIb
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