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Introduction

Maritime ports are a key element of the national transport system and global supply
chains. For Vietnam, located at the intersection of important international shipping routes and
substantially dependent on foreign trade, port infrastructure plays a crucial role not only in
cargo transshipment but also in integrating production, distribution, and logistics processes with
world markets. According to industry statistics, in 2025 the container throughput of Vietnam's
port system reached approximately 34,36 million TEU, about 11% higher than the 2024 level
[42]. This growth intensifies requirements for the capacity, resilience, and manageability of
container terminals.

A container terminal is a complex production and logistics system in which vessel flows,
the berth front, quay cranes, internal transport, the container yard, the gate complex, and
hinterland infrastructure function in interconnection. Disruption of synchronisation between
subsystems leads to bottleneck formation and a reduction in overall terminal efficiency. In these
conditions, static indicators — berth-front length, equipment count, or design capacity — do not
fully capture actual operational efficiency. Field studies of Vietnamese container terminals
show that cargo-handling equipment is frequently operated below design levels due to
operational constraints and subsystem misalignment [30].

Analysing such systems requires a tool capable of accounting for the dynamics of
technological operations, stochastic flows, resource constraints, and the impact of dispatching
rules. Simulation modelling meets these requirements: the discrete-event approach enables
description of the operation sequence at the micro-level, agent-based modelling captures the
behaviour of transport process participants, and system dynamics reflects long-term capacity
development and feedback loops. The objective of this paper is to systematise approaches to
simulation modelling of container terminals, assess their applicability to Vietnam conditions,
and develop a modular DES framework for subsequent applied research.

Literature Review by Research Direction

Foundational review works have established the standard classification of container
terminal subsystems. Steenken, Vof3, and Stahlbock [36] proposed a systematisation of terminal
operational processes across the following subsystems: berth front, quay cranes, internal transport,
container yard, and gate complex, demonstrating that terminal efficiency is determined by
subsystem coordination rather than the aggregate capacities of individual elements. Stahlbock and
Vol [35] highlight the trend toward integrated methods rather than local optimisation problem
formulations. Angeloudis and Bell [12] reveal the particular role of simulation modelling in
stochastic systems with a large number of random factors. Dragovi¢, Tzannatos, and Park [20]
systematise port simulation research across application areas, model scales, and software tools used.
Carlo, Vis, and Roodbergen [16] establish the interrelationship between quay cranes, internal
transport vehicles, and the yard. A key methodological principle emerging from these works is that
the level of model detail must correspond to the research question: analysing handling equipment
performance requires high granularity at the container and equipment unit level, while capacity
planning tasks require representation of demand—investment—throughput relationships.
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DES is the most widely used method for container terminal modelling. Yun and
Choi [40] developed an object-oriented model in which the gate complex, yard, quay
crane, transtainer, and internal tractor are represented as interacting objects. Shabayek and
Yeung [34] modelled the Kwai Chung terminal (Hong Kong) under high-intensity
operating conditions. Carteni and de Luca [17] applied DES for tactical and strategic
planning, demonstrating the necessity of matching model detail level to the nature of
managerial decisions. Mayorov, Kirichenko, and Fetisov [6] investigated container
terminal states using a transport model and simulation, illustrating the characteristic
tendency of the Russian research school to closely link DES with the technological
structure of the terminal.

Research on the berth front and cargo-handling fronts focuses on identifying primary
terminal bottlenecks. Legato and Mazza [24] applied DES to berth planning and resource
optimisation. Canonaco et al. [15] constructed a queuing network model for quay crane
management. Wang et al. [39] assessed the impact of the container inspection zone at Dalian
Port, showing that auxiliary functional areas can substantially affect the primary cargo-
handling flow. Kuznetsov, Galin, and Popov [3] developed a DES model of cargo-handling
fronts at a container terminal, examining transshipment operations within the technological
structure of the port and emphasising interrelationships between the cargo front, equipment,
and transport flows. A common limitation of this research group is that models describing the
berth front in isolation, without linkage to internal transport and the yard, tend to overestimate
efficiency, since quay crane productivity depends heavily on yard throughput and vehicle
availability.

Research on the yard and gate complex reveals the mechanisms of bottleneck formation
within the terminal. Petering [29] analyses the influence of block width and yard layout on
terminal efficiency. Zhao and Goodchild [41] demonstrate that information on truck arrival
times can substantially reduce the number of container reshuffles. Guldogan [22] analyses slot-
assignment strategies for containers arriving by sea. Li et al. [25] provide a comprehensive
assessment of the operational, economic, and environmental efficiency of an automated
terminal. Bett, Macharis, and Meers [13] developed a simulation-based optimisation model for
a truck appointment system (TAS). Malikova and Petrova [7] proposed a simulation model of
the pre-stacking operation at a seaport container terminal, supplementing the research toolkit
with an instrument for analysing the impact of pre-movement operations on reshuffle counts
and yard crane productivity.

The research direction concerned with terminal and hinterland transport infrastructure
integration extends the scope of analysis beyond the terminal itself. Korol and Balalayev [2]
modelled the railway station—seaport system using the Vladivostok transport hub as a case
study. Rakhmangulov and Muravyov [10] evaluated development directions for seaport—dry
port systems using simulation modelling. For Vietnam, this direction is particularly relevant,
since bottlenecks frequently form at the gate complex, road approaches, and imbalance of
import and export container flows, rather than being confined to the berth front.

Table 1. Systematisation of research directions

Research Representative Methodological Limitations for Vietnam
Direction Works Contribution Application
Review and | Steenken [36]; | Standard  subsystem | Provide conceptual framework; do
classification Angeloudis [12]; | classification; not address limited data availability
studies Dragovié [20] rationale for
simulation in
stochastic systems
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Research Representative Methodological Limitations for Vietnam
Direction Works Contribution Application
DES —terminal | Yun & Choi [40]; Modelling container Require micro-data: operational
operations Shabayek [34]; and vehicle flow logs, service-time distributions,
modelling Mayorov [6] dynamics; measuring dispatching rules
waiting times and
throughput
Berth, quay Legato [24]; Modelling cargo- Isolated modelling without
cranes, cargo Canonaco [15]; handling fronts, crane yard/transport linkage misses
fronts Kuznetsov [3] allocation, vessel cascading bottlenecks
service performance

Yard, pre- Petering [29]; Yard layout, slot Require detailed container position
stacking, gate | Zhao [41]; assignment, data, pickup schedules, truck
complex Malikova [7]; reshuffles, pre-moves, behaviour

Bett [13] TAS optimisation
Port-railway— | Korol [2]; Extending model from | Require transport-network data,
dry port Rakhmangulov terminal level to cargo flows, ICDs, empty-container

[10] hinterland logistics depots

network

ABM, SD, Henesey [23]; Agent behaviour, Hard to verify without agent-
queuing theory, | Cheng [18]; long-run feedback behaviour data; risk of over-
hybrid Lempert [5]; loops, service complication

Shevchenko [11] structures, hybrid

approaches

Research on Container Terminal Operations in the Context of Vietnam

In general, research dedicated to Vietnamese seaports and container terminals can be
divided into several methodological directions: assessment of equipment performance and
terminal operational efficiency, forecasting of operational parameters, container terminal
selection, analysis of berth front operating conditions, and support of design decisions. A field
study of cargo-handling equipment efficiency across 14 Vietnamese container terminals
showed that equipment in many cases operates below design levels, forming an important
empirical basis for parameterising simulation models [30]. Individual studies confirm the
applicability of simulation modelling to container terminal design in Vietnam [19] and to
assessment of operational conditions affecting berth occupancy rate selection [27]. However,
studies based on DEA, OEE, MCDM, and machine-learning methods primarily provide static
or predictive assessments of individual aspects of port system functioning: enterprise
efficiency, terminal competitiveness, vessel berthing time, and equipment characteristics [28,
30, 32, 33]. Their results are significant for setting input parameters and verifying individual
DES model modules, but have not yet been unified into a comprehensive multi-level
simulation model capable of describing the interaction dynamics of the berth front, cargo-
handling equipment, container yard, gate complex, and hinterland infrastructure.
A systematisation of these studies, their methods, contributions, and unresolved issues is
presented in Table 2.
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Table 2. Vietnam-focused studies: methods, contributions, and unresolved issues

. Contribution to
Authors Subject / Port Method Vietnam Modelling Unresolved Issues
Nguyen Duc | Berth Simulation + Justification of Limited to berth level;
Manh & occupancy rate | queuing operational conditions | yard, gate, hinterland not
Nguyen theory and occupancy rate covered
Minh Quy role
[27]
Pham & OEE of Field study + Real equipment Static indicator; system
Nguyen [30] | equipment at OEE performance data — dynamics and cascading
14 terminals key DES input bottleneck propagation
parameter not described
Pham et al. 6 major Fuzzy Comparative terminal- Static method;
[32] terminals: Tan | MCDM  +| choice assessment — operational dynamics
Vu, HICT, Cat | cumulative basis for selecting not captured
Lai, TCIT, prospect terminal-level
SSIT, CMIT theory performance indicators
Pham & Cat Lai Port Machine Berthing time Limited to berth level;
Nguyen [33] | (VNSGN) learning prediction — direct not integrated into
(random input for vessel-berth | comprehensive terminal
forest), module in DES model
R2=0.84
Nguyen et al. | Stevedoring DEA — | Overview of relative Subsystem bottlenecks
[28] companies in business port system efficiency not identified;
Vietnam performance — strategic context operational dynamics
evaluation not described

Analysis of the body of Vietnamese research identifies three structural characteristics.
First, a significant data base has been formed: OEE indicators for 14 terminals [30],
comparative assessment of terminal-choice and operational-efficiency criteria for six major
terminals [32], and operational data for Cat Lai Port [33] — this data set constitutes an
information resource for prospective DES models. Second, static analytical methods (OEE,
DEA, MCDM) and predictive approaches (machine learning) have reached a significant
methodological level but have not been integrated with dynamic simulation modelling. Third,
the research gap lies not in a total shortage of data but in the absence of an integration
framework and multi-level simulation model capable of unifying disparate data into a unified
tool for analysing system dynamics. OEE indicators [30] can serve as input parameters for the
crane module of a DES; predicted berthing times [33] can provide a realistic incoming vessel
schedule; comparative terminal data [32] can be used for model verification.

Experimental Results: DES Model of the Phuoc Long Logistics Centre

The DES model of the Phuoc Long logistics centre was developed by the author of this
paper as part of a study on the formation of Vietnam's transport and logistics system [9], as an
element of an integrated four-stage methodological approach. The model reproduces four key
groups of operations: (a) loading and unloading operations with seagoing vessels via a gantry
crane; (b) container transport between the berth front and the terminal by truck tractors; (c)
container handling within the terminal by forklifts; (d) assessment of the impact of vehicle
count on container handling throughput. Containers and vehicles are described through chains
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of events: entry into the system, resource waiting, service, movement, and departure from the
operational segment.

Sensitivity analysis results: the dependence of handling throughput on vehicle count
is distinctly non-linear. When the number of truck tractors increases from 7 to 10 units (with
the number of forklifts held constant at 6), throughput rises from 163 to 206 TEU/hr.
However, with a further increase from 12 to 14 tractors, the rate of growth declines,
indicating a shift of the bottleneck to the forklift and yard crane subsystem. Practical
conclusions: the saturation phenomenon and bottleneck migration between equipment types
demonstrate that a strategy of increasing only one type of equipment yields diminishing
returns. To achieve the target throughput of 260 TEU/hr, a simultaneous and balanced
increase in both the tractor and forklift fleet is required — a conclusion of experimentally
substantiated character that can be directly applied in investment decisions regarding the
expansion of the Centre's capacity.
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Fig. 2. DES model visualisation — container handling within the terminal [9]
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Fig. 3. Container handling throughput as a function of vehicle count [9]

The methodological value of these results extends beyond the specific quantitative
indicators. The model demonstrates that DES can be preliminarily validated in the Vietnamese
context by comparing simulated throughput with aggregated operational data from the terminal
operator. It also shows that simulation experiments can partly reduce the need for labour-
intensive micro-level data collection, since model outputs can be validated against known
aggregate performance indicators.

Finally, resource-based scenario analysis can support investment decisions on capacity
expansion, thereby transforming simulation modelling from a purely academic research method
into a practical tool for managerial decision-making.

Directions for Developing Simulation Modelling of Container Terminals in the
Context of Vietnam

Based on the review conducted and the research-gap analysis, this paper proposes the
development of a modular DES model of a container terminal adapted to Vietnamese
conditions.

AnyLogic is recommended as the modelling environment, providing joint
implementation of DES, ABM, and SD within a single modelling platform, which allows
flexible switching between levels of model detail and has been tested for tasks of a similar class
[11]. Arena and Python SimPy may be considered as alternative solutions in the event of
restriction to pure DES.
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Table 3. Modular structure, input data, and proposed verification strategy

Modelled - Output Verification
Module Processes Priority Input Data Indiczll)tors Strategy
Vessel and Vessel arrival, Vessel call schedules | Vessel waiting Compare
berth waiting,  berth | (VMA, MRA); berthing time, berth calculated
allocation, time prediction [33]; occupancy occupancy rate
service time distributions from [34, 40] rate, with Maritime
turnaround Administration
time industry data
Quay cranes | Lift cycle, crane | ZPMC/Liebherr technical Handling Compare
and cargo allocation, idle | specs; OEE data for quay | throughput, calculated crane
handling time crane group from [30] crane throughput with
utilisation, international
vessel service benchmarks
time (moves/hr)
Internal Tractors/vehicles | Fleet size, speed, cycle Equipment | Cross-verification
transport between  berth | time; transport OEE from | utilisation, with Phuoc Long
and yard [30]; adjusted by Phuoc | waiting time | LC model results
Long LC results [9] at berth/yard, | 163—260 TEU/hr
transport [9]
bottlenecks
Container Storage, Yard capacity (port Yard Compare
yard retrieval,  pre- | technical docs); yard crane | occupancy, calculated yard
stacking, OEE from [30]; reshuffle reshuffle occupancy with
reshuffles norms [7, 29, 41] count, service | terminal design
time capacities from
[32]
Gate Truck  arrival, | Lane count; processing Truck Compare
complex and | waiting, time from [13]; flow turnaround calculated
road processing, intensities from Cat time, gate turnaround time
transport entry/exit Lai/CMIT gate congestion | queue, gate with logistics
data utilisation company data
Hinterland Links with ICDs, Vietnam Ministry of Congestion | Stage 1: sensitivity
infrastructure | empty container Transport regional beyond port | analysis. Stage 2:
depots, transport schemes; gate, transport | verification using
road/water/rail Vietnam Seaport time, terminal | operator-partner
transport Association ICD statistics impact data

The transition to hybrid modelling should be determined by the research question rather
than a desire for model complexity. DES+ABM integration is appropriate when studying the
behaviour of trucking companies, dispatchers, or shipping lines. DES+SD integration is
justified when analysing long-term cargo throughput growth, capacity investments, or regional
logistics network planning. In both cases, each integration level must be accompanied by a
corresponding verification strategy.

Conclusion

The study has demonstrated that discrete-event simulation can be considered the most
methodologically grounded core for analysing container terminal operations at the micro-level,
as it enables accounting for the sequence of technological events, resource competition,
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queuing, idle time, and the impact of dispatching decisions. Agent-based modelling and system
dynamics are appropriate as supplementary levels of analysis: the former for capturing the
behaviour of transport process participants, the latter for evaluating long-term capacity
development and feedback loops in the transport and logistics system.

With respect to Vietnamese conditions, it has been established that the further
development of simulation models is constrained not only by limited micro-level data but also
by insufficient integration of already available empirical results into a unified dynamic model.
The experimental illustration based on the DES model of the Phuoc Long logistics centre
confirms the feasibility of applying the simulation approach to resource constraint analysis and
bottleneck migration identification between subsystems. The scientific and practical
contribution of the paper consists in the proposal of a modular DES framework for a container
terminal in Vietnam's maritime transport and logistics system, which can serve as a
methodological basis for subsequent applied research, contingent upon expanding the
operational database, refining service-time distributions, and comparing model results with
actual performance indicators of specific port facilities.
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VJIK 656.615

UMUTAIIMOHHOE MOJIEJINPOBAHME OIIEPAITAY KOHTEMHEPHBIX
TEPMHUHAJIOB B MOPCKOM TPAHCIIOPTHO-JIOTUCTUYECKO CUCTEME
BBETHAMA: OB30P I10AXO10B U HAIIPABJIEHUS PA3BUTUA

Hryen Munb Touen (Xomumun, Bobernam), B.B. barnnosa (Mocksa),
Hryen Ban Xynr (XaHnoii, Bbernam)

BBenenne

Mopckue TOpTHI SBJSIFOTCS KIIFOUEBBIM 3JIEMEHTOM HAI[MOHAJIBHOW TPaHCHOPTHOMH
CUCTEMBI U II100aJIbHBIX 1IeTI04eK ocTaBoK. /{1151 BeeTHama, pacosio)keHHOTO Ha ITepeceueHun
BaXXHBIX MEXTYHAPOJAHBIX CYZ0XOHBIX MAPIIPYTOB U CYIIECTBEHHO 3aBUCSILETO OT BHELTHEH
TOPTOBJIH, TIOPTOBAsi HHPPACTPYKTYpa UTPAET BAKHYIO POJIb HE TOJIHKO B IEPEBAIIKE IPY30B,
HO ¥ B MHTErPalliU MPOU3BOJICTBEHHBIX, PACTIPEICTUTENLHBIX U JIOTUCTUYECKUX TPOIIECCOB
C MUPOBBIMH phIHKamH. [1o maHHBIM oTpacieBoil ctatucTukd, B 2025 . KOHTEHHEPOOOOPOT
MOpTOBOM cucTeMbl BeeTHama coctaBmit okoio 34,36 miu TEU, uro mpumepro Ha 15% Bhimme
ypoBHs 2024 1. [42]. JlaHHBIA pocT ycmimBaeT TpeOOBaHUS K IPOITYCKHOW CIIOCOOHOCTH,
YCTOWYMBOCTHU U YIIPABIISIEMOCTH KOHTEHHEPHBIX TEPMUHAIIOB.

KonTteliHepHblii TepMHHANT TpeACTaBIsIeT COOOH CIOXKHYIO IPOU3BOJICTBEHHO-
JOTHCTUYECKYIO CHCTEMY, B KOTOPOH CYJONOTOK, MPUYATBHBIA (POHT, CYIOBBIE KpaHEI,
BHYTPHIIOPTOBBIA TpPAaHCIOPT, KOHTEHHEPHBIA CKJIaJ, BOPOTHBIA KOMILJIEKC M ThUIOBAs
HHPPACTPYKTYpa (DYHKIIMOHUPYIOT BO B3aUMOCBs3H. HapylleHne CHHXPOHH3AIMU MEXIY
MOJICUCTEMaMH  TIPUBOJUT K (POPMUPOBAHUIO «Y3KHMX MECT» W CHUXXEHHUIO O0OIIei
5 GEeKTUBHOCTH TePMHUHAIA. B 9THX yCIOBUSIX CTaTHYECKHE MTOKA3aTeNH — IJIMHA TPHYAIIEHOTO
(bpoHTa, KOJTHUECTBO 000PYIOBaHUS WM TMPOCKTHAS MOIIHOCTH — HE MO3BOJSIOT B IOJHOM
Mepe OIICHHTHh (PaKTHUSCKYIO OIepannoHHYI0 3¢ ¢dekTuBHOCTh. [loeBble wWcciem0BaHUS
KOHTEHHEPHBIX TEPMUHAIOB BbeTHama MOKa3bIBAIOT, UYTO TPY30MOABEMHOE 000pYyIOBaHUE
HEPEeJIKO UCII0JIb3YEeTCs] HUKE MPOEKTHOIO YPOBHS BCJIEACTBUE OTPAaHUUYECHUN dKCILTyaTaluu U
HECOIJIaCOBAHHOCTHU nozcuctem [1].

Jliis aHamM3a TakuX CUCTEM HEOOXOIUM HUHCTPYMEHT, CIOCOOHBIH yUUTHIBATh TIMHAMUKY
TEXHOJOTUYECKUX ONepaluil, CTOXaCTUYHOCTh ITOTOKOB, PECYpPCHBIE OTPAaHMYCHHUSI U BIUSHUE
MpaBU JUCIETYEpU3ALMUA. DTUM TPEeOOBAHUSM OTBEYACT MMMTAIMIOHHOE MOJEIMpPOBAHUE!
JIMCKPETHO-COOBITUIHBI MOJXO0J] IO3BOJSIET OMNMCHIBATH MOCIIEA0BATEIbHOCTh OIepanuit
Ha MHKpPOYpPOBHE, AareHTHOE MOJIEJIMpPOBAaHHE — IIOBEJAECHHE YYAaCTHUKOB I1E€PEBO30YHOIO
Ipolecca, a CUCTEMHas IMHAMHKA — JIOJITOCPOYHOE Pa3BUTHE MOIIHOCTEH U OOpaTHbBIE CBSI3H.
Lenp Hacrosield CcTaThM COCTOMT B CHUCTEMAaTH3alMd MOAXOAOB K HMUTAHOHHOMY
MO/JICTUPOBAHUIO KOHTEHHEPHBIX TEPMUHAIOB, OLIEHKE UX MPUMEHUMOCTH K yclIoBUSIM BreTHama
u pazpabotke MoayabHOoro DES-kapkaca a1t mocine iy roumx IprKIIaHbIX UCCIIeJOBAaHUH.

00630p HccaeT0BAHNH M0 HATIPABJIEHUSM

OyHnameHTabHble 0030pHBIE PAbOTHI CHOPMUPOBAIM CTAHAAPTHYIO KIACCH(DUKAIIIO
nmojcucteM KoHTelHepHoro TtepmuHana. [lltuaken, ®occ u Illrtanbox [36] npemoxumm
CHCTEMATU3allMI0 OINEPALMOHHBIX IPOIIECCOB TEpMMHANA MO CJIEAYIOUMM II0JICHCTEMaM:
NMPUYAIbHBIA (POHT, CYyJIOBBIC KpaHbBI, BHYTPHUIIOPTOBBIM TpPaHCIIOPT, KOHTCHHEPHBIA CKIIAJT
U BOPOTHBI KOMIUIEKC, OOOCHOBaB, 4YTO J(P(EeKTHBHOCTh TepMHHAIA OIpPENENsIeTCs
KOOpJMHAIIMel MOACUCTEM, a HE CYMMApHBIMU MOIIHOCTSIMH UX OT/IETIbHBIX 371eMeHTOB. [1ITantok
u @occ [35] akneHTUPYIOT BHUMaHKE Ha TCHJICHIIMH TIepexoia OT MOCTAHOBKHU JIOKATBHBIX 33/1a4
ONITUMU3AINH K HHTETPUPOBAHHBIM MeTo/iaM. AHrenyauc u bemn [12] packpbBaroT 0co0yro polib
MMUTAIIOHHOTO MOJIETMPOBAHUS B YCIIOBUSIX CTOXAaCTUUYECKUX CUCTEM CO 3HAUUTEIbHBIM YHCIIOM
cinyvaitHbIx (axrtopoB. JlparoBuu, Tzannaroc u [lapk [20] cucTeMaTusupyroT HCCIEI0BAHUS
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[0 UMHUTAIHOHHOMY MOJIEIIMPOBAHUIO MOPTOB B pa3pe3e MPUKIAIHBIX 0OJjacTeid, MaciTaboB
MoJIeJIell M HCIIONIb3yeMBIX IpOrpaMMHBIX HMHCTpyMeHTOB. Kapno, Buc m Pynbepren [16]
00OCHOBBIBAIOT B3aUMOCBSI3b MEXIY CYJOBBIMU KpaHaMH, BHYTPUIIOPTOBBIMU TPAHCIIOPTHBIMU
CpPEJICTBaMHM U CKJIAJIOM. 3 yKa3aHHBIX paboT CleAyeT KIIFOYeBONH METOI0IOTMYECKUH TPUHIINIL:
YPOBEHb JICTATU3AIMN MOJIETIM JI0JDKEH COOTBETCTBOBATH MOCTABIEHHOMY HCCIIEA0BATEILCKOMY
BOIIPOCY — aHAJIN3 IPOU3BOIUTEIEHOCTH IIEPErPY30YHOT0 000PYI0BAHMSI ITPEIIOIaraeT BEICOKYIO
CTENleHh JeTalu3allid Ha YpPOBHE KOHTEHHepa W eIUHUIBI TEXHHWKH, TOTJa Kak 3a/Jadd
IUIAHUPOBAHUSI MOIIHOCTEH TpeOyloT OTpakKeHUs] B3aUMOCBSI3€M «CHOpOC — WHBECTUIMH —
MPOITYCKHAsl CIOCOOHOCTHY.

DES sBnsercs  Hambosiee  pacmpOCTpaHEHHBIM  METOJOM  MOJICTUPOBAHUS
KoHTeitHepHbIX TepmuHaioB. IOH m Yoii [40] pa3pabotamu 0O0BEKTHO-OPHEHTUPOBAHHYIO
MOJENb, B KOTOPOW BOPOTHBIA KOMIUIEKC, CKJIaJ, CYJOBOW KpaH, Teperpyxareib
¥ BHYTPUIIOPTOBBIN Tsrad MpeicTaBlIeHbl B BUE B3aUMOJIEHCTBYIOMUX 00bekToB. [1labaiiex
u lOnr [34] monenupoBanu pabdoty TepmuHaia KBait UyHr (I'OHKOHT) B YCITOBUSX BBICOKOM
WHTEHCUBHOCTH dKcIuTyartanun. Kaprenu u ne Jlyka [17] npumensumm DES ans Taktugeckoro
U CTPAaTernyeckoro IUIAHUPOBAaHUS, OOOCHOBAB HEOOXOAMMOCTH COOTBETCTBHS YPOBHS
JeTan3allud MOJIETT XapakTepy TNPUHUMAEMbIX YIpaBleHYeCKHX pemieHui. Maitopos,
Kupuuenko n ®@etucon [6] uccienoBaiu COCTOSHUS KOHTEHHEPHOrO TEPMHUHAIA HA OCHOBE
TPAHCIIOPTHOM MOJENM U HWMHUTAIMOHHOTO MOJIEIMPOBAHUS, JEMOHCTPUPYS XapaKTepHYIO
JUIS. POCCUMCKON HayudHOHM IIKOJBI TEHJEHIMIO K TecHOU yBsizke DES ¢ TexHosiornmueckoi
CTPYKTYpO# TEpMHUHAIIA.

HccnenoBanust mpuyaibHOTO (POHTa ¥ TI'PY30BBIX (POHTOB  COCPEAOTOUYCHBI
Ha UACHTH(HUKAIIMK TIEPBUYHBIX «y3KHX MeCT» TepMHHAJa. Jleraro n Mamma [24] npuMmeHsur
DES mst perienust 3a7au MIaHAPOBAHUS TPUUATBHBIX ONEPAUN U ONTHUMH3AINN PECYPCOB.
Kanonauo wu coaBT. [15] mocTtpomnm ceTeBylO MOJEIb MAaCCOBOTO OOCTY>KMBaHUS
JUISL YIIPaBIICHUs CYJOBBIMH KpaHamMu. Ban u coaBT. [39] orneHuan BiIMsSHUE 30HBI KOHTPOJIS
KOHTEWHEpOB B mopTy JlansHb, 1MOKa3aB, YTO BCIIOMOTaTelbHBIE (DYHKIIMOHAIBHBIE 30HBI
CIIOCOOHBI CYIIECTBEHHO BO3JIEHCTBOBAaTH Ha OCHOBHOW Meperpy304Hbiii moTok. Ky3Heros,
lamua w llomoB [3] paspabotamm DES-Momens Tpy30BBIX (PPOHTOB KOHTEHHEPHOTO
TEpPMHHAJIA, paccMaTpUBas Meperpy304yHble OMepanuu B TEXHOJIOTHYECKON CTPYKType mopTa
U aKIEHTHPYS B3aNMOCBSI3H MEXKIy TPY30BbIM (POHTOM, 00OPYAOBaHHEM M TPAHCIIOPTHBIMU
notokamu. OOIee orpaHWuYEHUE AAHHOM TPYHIBI pabOT COCTOMT B TOM, YTO MOJIEIH,
W30JIMPOBAHHO ONHCHIBAIOIINE TPUYATBHBIA (POHT O€3 CBS3W C BHYTPUIIOPTOBBIM
TPAHCIIOPTOM U CKJIQJIOM, CKJIOHHBI K 3aBBIIICHUIO OIEHOK 3(P(EKTUBHOCTH, MOCKOIBKY
MIPOU3BOIUTENBHOCTh CYJOBBIX KPaHOB CYIIECTBEHHO 3aBUCUT OT MPOIYCKHOW CIOCOOHOCTH
CKJIaJIa U HAJIM4Us TPAHCHIOPTHBIX CPEJICTB.

UccnenoBanust ckiaa W BOPOTHOTO KOMIUIEKCA PACKPHIBAIOT —MEXaHU3MBbI
(OpMHUPOBaHHS «Y3KHX MECT» BHYTpH TepMuHaia. [lutepunr [29] ananmmsupyer BIHSHHE
IIUPUHBI OJIOKA ¥ MJIAHUPOBOYHOUW CTPYKTYPHI CKiiaza Ha AQ(GEeKTUBHOCTh TepMUHaa. Yxao
u [ymuaitng [41] IEeMOHCTPUPYIOT, YTO HH(POPMHUPOBAHHOCTH O BPEMEHH IPHOBITHS
AaBTOTPAHCHOPTA MO3BOJSIET CYIIECTBEHHO COKPATUTh YHUCIO MEPeKIaJoK KOHTEHHEepOB.
['ynporan [22] aHaiu3upyeT CTpAaTeTUH paclpe/ielieHUus MECT XpaHeHHUs NIl KOHTEHHEpOB,
npuObIBAlONIMX MOpPCKMM nOyTéM. Jlu u coaBT. [25] HpOBOJST KOMIUIEKCHYIO OIICHKY
OTICPAITAOHHON, YKOHOMUYECKOW WM 3KOJOTHYECKOW 3()PEKTUBHOCTH aBTOMATH3WPOBAHHOTO
tepmuHaia. berr, Mavapuc u Mupc [13] pa3paboranu Mojenp ONTUMHU3AIMK HAa OCHOBE
UMUTAIIMOHHOTO MOJICJIMPOBAHUS AJII CUCTEMBI MPEABAPUTEIHHOTO OPOHUPOBAHUS BpEeMEHU
Bbe3aa aBroTpancmnopta (TAS). MammkoBa m lleTpoBa [7] mpemioxumim HUMUTAIMOHHYIO
MOJIeJIb OTlepalliy MPEecTaKuHIa Ha KOHTEHHEpHOM TepMMHAjJe MOPCKOIrO IOpTa, JONOJHHUB
UCCIIeIOBATENbCKUM apceHall HHCTPYMEHTOM aHalli3a BIUSHUS ONepaluil npeaBapuTeIbHOIO
nepeMeIneHus: KOHTEeHHepOB Ha YUCIIO epeKIaloK U IPOM3BOIUTEILHOCTh CKIIAJICKUX KPAHOB.
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Hanpagnenue,

CBS3AHHOE C WHTETpaMel TEPMUHAIA W THUIOBOW TPAHCHOPTHOMN

UH(PACTPYKTYPBI, paCIIMpPsIeT TPAHHUILIBI aHATIM3A 34 [peIeNbl camoro TepmuHaia. Koposb u bananaes
[2] MomenMpoBalM CHUCTEMY <OKEJIE3HOIOPOXKHASI CTAHIMSI — MOPCKOM TOpPT» Ha MpUMeEpe
BrnamuBoctokckoro TpancmoptHoro y3ia. PaxmanrynoB u MypasbeB [10] olieHrBany HarpapieHHst
Pa3BUTHSI CHCTEMBI «MOPCKOM MOPT — CYXOH MOPTY» METOJaMH MMHTAIIOHHOTO MOJIEITMPOBAHVISL.
Jlns BeeTHamMa JaHHOE HAIpaBJIeHUE TPHOOpPETAET 0COOYIO aKTyaTbHOCTh, TOCKOJIBKY «y3KHE MECTa»
Hepeiko (POPMUPYIOTCSI Ha ypOBHE BOPOTHOTO KOMILIEKCA, aBTOJIOPOKHBIX MOAXOJIOB U JicOanaHca
HMITOPTHOTO M SKCIIOPTHOTO KOHTEHHEPOIIOTOKOB, a HE OTPAHUYMBAIOTCS TPUYATEHBIM (DPOHTOM.

Tabmuma 1

CI/ICTeMaTI/I3aHI/I5{ HCCICIOBATCIIBCKHUX HaHpaBJ'IeHI/Iﬁ

Orpannyenns npu

IIpeacraBurenn- MeTtonoJioruyeckni
HanpaBienne npuMeHeHUH B
Hble padoThI BKJIAJ
ycjaoBusaix BoernHama
O0630pHbIe 1 Steenken [36]; CranpapTHas IIpenocrasnsior
knaccudukanronnslie | Angeloudis [12]; KJaccupuKanms KOHLENTYyaJIbHbII Kapkac;
paboTsl Dragovi¢ [20] MOJICUCTEM; HE pelraoT 3a/1a4u

000CHOBaHWE POJTH
MOJIEIMPOBAHUS B
CTOXAaCTHYECKHX
cucTemax

OrpaHUYEHHOMN
WHGPOPMALIMOHHOMN 0a3bl

DES - Yun & Choi [40]; Onwucanue auHaMuk | TpeOyroT MUKPOAAHHBIX:
MOJIeTTMPOBaHNe Shabayek [34]; KOHTeiHepo- u ONepaLMOHHBIX
onepanuit Matiopos [6] TPAHCTIOPTHBIX JKypHAJIOB, TIOKa3aTese
TepMHUHala MOTOKOB; U3MEpEHHE BpeMeHH 00CITyKUBaHHUS,
BpPEMEHH OKMJaHUs U | TIpaBUJI IUCTIeTYEePU3aLMU
MPOU3BOAUTEILHOCTH
[puyanbhelit hpont, | Legato [24]; MonenupoBanuve NzonuposanHoe
CyZIOBbIE KpaHbl, Canonaco [15]; neperpy304HbIX MoJieNiipoBaHue 0e3
rpy30Bbie ()POHTHI Kysnenos [3] (hpoHTOB, CBSI3U CO CKJIAZIOM U
pacnpenesneHys: KpaHoB, TPAHCIOPTOM HE
NPOU3BOUTEILHOCTH OTpakaeT KacKaJlHble

00CITy>KMBaHUs CyJ0B

«Y3KHUE MeCTa»

Cxutaji, mpecTakuHr,
BOPOTHBIN KOMILIEKC

Petering [29];
Zhao [41];
Manukoga [7];
Bett [13]

IInanupoBka cknaaa,
pacrpeaeaeHue MecT
XpaHeHUs, MepeKIaaKy,
MpeaBapUTEIbHOE
nepeMelleHue, cucTeMa
TAS

TpeOytoT aeTanbHbIX
JaHHBIX O
MECTOIOIOKEHUH
KOHTEHHEpPOB,
pacnycaHuy BbIBO3a,
NOBEJICHUU
aBTOTPAHCIIOPTA

[Topt — xkene3Has
Jl0pora — Cyxou nopt

Kopoms [2];
Paxmanrymnos [10]

Paciuupenue monenu ¢
YPOBHA TEpMUHAaNIA 10
JIOTUCTUUYECKOM CeTH

TpebytoT JaHHBIX O
TPaHCHIOPTHOM CeTH,
rpy3onotokax, UTK,

ThUIOBOM JIeTN0 MOPOKHUX
UHPPACTPYKTYpbl KOHTEHHepoB
ABM, SD, teopus Henesey [23]; IloBeneHue areHToB, CrnoxHo
MO, rubpunHoe Cheng [18]; JIOJITOCPOYHbBIC BepUuUIMPOBATH NMPU
Lempert [5]; oOpaTHble CBA3H, OTCYTCTBHHM JaHHBIX O
[lleBuenko [11] CTPYKTYpBI MOBEJEHUU areHTOB; PUCK
00CTyKUBaHMS, M30BITOYHOTO

TUOPUIHBIC TTOIXO/IbI

YCIOXKHECHHA MOACIN
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Hccnenopanusi B ob6gactu (PyHKIIHOHHMPOBAHHS KOHTEHHEPHBIX TEPMHHAJIOB
MPUMEHHUTEIbHO K ycJI0BHSIM BheTHaMa

B umenom wuccinenoBaHus, MOCBSIIEHHBIE MOPCKHM MOPTaM M KOHTEWHEPHBIM
TepMHuHaiaM BpeTHamMa, MOXHO pa3JgeluTh Ha HECKOJBKO METOJ0JOTHYECKUX
HampaBlIEHUHN: OIEHKY MPOU3BOJUTEIHLHOCTH OOOPYJIOBaHUS M  ONEpaAllMOHHON
3} PeKTUBHOCTH TEPMUHAIIOB, TPOTHO3UPOBAHKE IKCILTYaTAIIMOHHBIX ITApaMETPOB, BEIOOP
KOHTEHHEPHOTO TepMUHAA, aHAIIU3 YCIOBUH paboThl MpUUaTbHOTO (POHTA U MOJAEPKKY
npoekTHBIX pemenuii. [loneBoe wccnenoBanne HPPEKTHBHOCTH T'PY30MOTBEMHOTO
obopynoBanus Ha 14 KOHTeWHEpHBIX TepMHHalax BbeeTHama moOKazamo, YTO
000pyI0BaHME BO MHOTHX CIIydasiX MCIOJb3yeTCsS HUXKE MPOEKTHBIX BO3MOXKHOCTEH, UTO
dbopMUpyeT BaXHYIO SMIHPUYECKYI0 OCHOBY IS TapaMeTpH3aluyd HUMHTAIMOHHBIX
moaenei [30]. OtmenbHBIE pabOTHI MOATBEPKIAIOT MPUMEHUMOCTH HUMHUTAIIMOHHOTO
MOJEJIUPOBAHUSI K MPOEKTUPOBAHUIO KOHTEHHEpPHBIX TepMHHANIOB BO BreTtHame [19],
a Tak)Ke K OIIEHKE HKCILUIyaTAllHOHHBIX YCJIOBHUH, BIUSIOMUX HA BRIOOP Koddduimenta
3aHsToctn mpuyana [27]. Bmecte ¢ Tem mccimenoanus, ocHoBanHbie Ha DEA, OEE,
MCDM u wMmeTojax MAaIIUHHOTO OOyYeHHS, MPEUMYIIECTBEHHO MAIOT CTaTUYECKYIO
WJTM TPOTHO3HYIO OIIEHKY OTAEITBHBIX aCIeKTOB (QYHKIMOHUPOBAHUS MIOPTOBOI CHCTEMBI:
3G PEeKTUBHOCTH MPEANPUATHH, KOHKYPEHTOCIIOCOOHOCTH TEPMHUHAIIOB, BpEMEHHU
MMOCTAHOBKU CyJHAa K TpHYaly W XapakTepucTtuk obOopymomBanus [28, 30, 32, 33].
Nx pe3ynbTaThl MpeACTABISIOT 3HAYUMOCTh JUIS 3aJaHUs BXOJHBIX IapaMeTpoB
U BepH(pUKAIMK OTICIbHBIX Moxayieit DES-moperneit, ogHako moka HE OOBEIMHEHBI
B I[EJIOCTHYIO MHOTOYPOBHEBYIO HMHUTANMOHHYIO MOJENb, CIOCOOHYIO OMNHCHIBATH
TUHAMHKY B3aMMOJICHCTBUS TMPUYATBHOTO (POHTA, TEPEerpy304HOTO OO0OPYIOBaHWS,
KOHTEHHEPHOTO CKJaJa, BOPOTHOTO KOMIUIEKCA U THUIOBOH HHQPPACTPYKTYPHI.
CucreMaTu3anus yka3aHHBIX UCCIIEIOBAaHUN, UX METOJIOB, BKJIaJla U HEPEMIEHHBIX 3a7a4
npejacTaBjeHa B Tabmure 2.

Tabnuna 2
WccnepoBanusi, BIIOJHEHHbBIE TPUMEHUTENBHO K YCIOBUSIM BbheTHama:
METOJBI, BKJIaJ ¥ HEPEINIEHHBIE 3a0a4Yl
Oo6mbexT / Bienan pos Hepeménnsbie
ABTOpBI Merton MO/ e/IMPOBAHHS
ITopT 3aJa4u
BrerHama

Nguyen Minh | Koadgduuuent | MMmutaunonHoe ObocHoBanue poau | OrpaHuyeHO ypOBHEM
Quy [27] 3aHATOCTH MOJICIMPOBAHUE | OKCIUTyaTAllMOHHBIX | MPUUYAILHOTO (pPOHTA;

npuyania + reopus MO YCJIOBUH U cKJjiall, BOpOTa, ThLI HE

koadduueHTa OXBaueHbI
3aHATOCTU
Pham & OEE [ToneBoe PeanbHble naHHbIE O Crarudeckuii
Nguyen 000pya0BaHUs |HccliefoBaHUe + | MPOM3BOAMTEIBHOCTH | IOKA3aTellb; CHCTEMHAs
[30] Ha 14 tepm. OEE 000pyAOBaHUS — JIMHaMHKa U KaCKaJHOe
KJIFOUEBOM BXOJTHOM | pacmpocTp. «y3. MECT»
napametp 1yt DES HE OTHMCaHbI

Pham et al. 6 KpymHHBIX Heuérkmii CpaBHUTENbHBIH CraTuieckuii MeTo;
[32] tepmuHaioB: |MCDM + aHaJli3 MOIIHOCTeH | IWHAMMKa OTepanyi He

Tan Vu, HICT, | Teopus TEPMHUHAJIOB — OCHOBA OTpaKEHa

Cat Lai, TCIT, |kymynaTUBHBIX VTS KATUOPOBKHU

SSIT, CMIT  [nmepcnekTus MOJIeNH
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Oo6bexT / Bieaan as Hepeménnsbie
ABTOpBI MeTton MOJe/TMPOBAHHS
ITopT 3aJa4u
BrerHama
Pham & [Topr Kar Jla#i | MammHHOe IIporuos Bpemenu OrpaHu4eHo ypOBHEM
Nguyen (VNSGN) o0yueHue MOCTaHOBKH K MpUYaIbLHOro PppoHTa;
[33] (cmyuaiiHbId npuyay — npsaMoit HE UHTErPHUPOBaHO B
nec), R*=0,84 BXOJTHOM MapaMeTp | KOMIUIEKCHYIO MOJAEIh
MOJYJIsl «CY/IHO — TepMHUHaja
npuyam» B DES
Nguyen et al. | CtuBunopusie | DEA — onenka KapTuna «Y3Kue MecTay 1o
[28] KOMITAaHUH XO03IWCTBEHHOM OTHOCHUTETLHOM MoACUCTEMaM He
Boernama JeSITeNbHOCTH 3 PeKTUBHOCTH WICHTU(HULMPYIOTCS;
MOPTOBOM CHCTEMBI — | JMHAMUKA onepalui He
CTpaTeruuecKui OMHCHIBAETCS
KOHTEKCT

AHajaM3 COBOKYIHOCTH BBETHAMCKHMX  MCCIEJOBAHWNA IO3BOJIIET  BBLICIUTH
TPH CTPYKTYPHBIE OCOOCHHOCTH.

Bo-mepBpIx, cdopmupoBana 3Haummas Oa3za  jgaHHBIX: nokaszatenu  OEE
o 14 tepmunanam [30], cpaBHUTEIBHBIA aHAJIA3 MOIIHOCTEH IMECTH KPYIHBIX TEPMUHATIOB
[32] n onepanmonssle qaHHble 110 nopTy Kat Jlaii [33] — ©MEHHO 3TOT MaccUB MpPEACTABIISAET
co0oit HHPOPMAIMOHHBIN pecypc Ui nepcneKTUBHBIX DES-Mozeneii.

Bo-Bropeix, cratmueckue aHanmtrdeckue wmetoasl (OEE, DEA, MCDM)
U TPOTHOCTHYECKHE IMOAXOJAbl (MAaIIMHHOE OO0y4YeHHWE) JOCTUIJIM  3HAYUTEIBHOTO
METO/I0JIOTUYECKOTO YPOBHS, OJIHAKO HE MHTETPUPOBAHBI C JUHAMUUYECKAM HUMHUTAIIMOHHBIM
MOJIETTUPOBAHUEM.

B-Tpethux, ucciaenoBareabCKuii MpoOes COCTOUT HE B TOTAILHOM HEXBATKE JAHHBIX,
a B OTCYTCTBUM HMHTETPAIlMOHHOIO KapkKaca MU MHOIOYPOBHEBOM HMMMTAllMOHHOW MOJENH,
CIOCOOHOU OOBEIMHUTH PAa3pO3HEHHBIE JAHHbIC B €IWHBIA MHCTPYMEHT aHallM3a CUCTEMHOM
nuHamukd. [lokazarenn OEE [30] moryT ciyXuTh BXOJHBIMHU TIapaMeTpaMH Il KpaHOBOTO
moayist DES; mporuossele JaHHbIE O BpeMEHHU MOCTAaHOBKH K mpuuaiy [33] — oOecreunTthb
PEATNCTUYHOE PACIUCAaHUE BXOSILIETO CYJOIIOTOKA; CPABHUTENIBHBIE IaHHBIE 110 TEPMUHATIAM
[32] — ucnonp30BaTHCS IS BEPHPUKAITAN MOJICITH.

JKcnepuMeHTAIbHbIe pe3yabTaThl: DES-mozeas jgormerudeckoro 1meHrpa
Dp10K JIoHT

DES-monens ioructuueckoro nentpa Oviok JIoHr pazpaboTana aBTOpoM HacTOsIIEiH
CTaTbl B paMKaX HCCIIEJOBAaHMUS (OPMHPOBAHUS TPAHCIOPTHO-JIOTUCTUYECKONH CHCTEMBI
BoerHama [9] Kak 3J€MEHT MHTEIPUPOBAHHOIO YETHIPEXATAMHOIO METOJI0JIOIHYECKOTO
noaxoaa. Mojienb BOCIIPOU3BOJUT YETHIPE KIIFOUEBBIE T'PYIIIBI ONepanuii: (a) morpy304Ho-
pa3rpy3ounble pabOThl C MOPCKUMHU CyJaMH IIOCPEICTBOM IOPTAJIbHOro KpaHa; (0)
TPaHCHOPTHPOBKY KOHTEITHEPOB MEKIY MPHYAITEHBIM (PPOHTOM U TEPMHUHAIIOM aBTOTSATAYaMH,
(B) 00pabOTKy KOHTEHHEPOB HA TEPPUTOPUHU TEPMUHAJIA TOTPY3UMKAMHU; (I) OIEHKY BIIUSTHUS
YUCJICHHOCTH TPAHCIOPTHBIX CPEJACTB Ha HHTEHCUBHOCTH 00paOOTKM KOHTEHHEpOB.
KonTeliHepsl ¥ TpaHCHOPTHBIE CpPEJICTBA OINMCHIBAIOTCS Yepe3 IIENOYKU COOBITHM:
IIOCTYIUIEHHE B CHCTEMY, OXKHJ@HUE pecypca, OOCIy)KHBAHUE, INEPEMELIEHUE U BBIXOJ
13 ONEPALMOHHOIO CerMEHTA.

[lo pesynpTaTam aHaJu3a YYBCTBUTEIBHOCTH: 3aBUCUMOCTh HWHTEHCUBHOCTH
00paboOTKKM OT 4YHCIa TPAHCIOPTHBIX CPEICTB HOCUT SIPKO BBIPAKCHHBIM HEJIMHEHHBIN
xapakrep. [Ipu yBenumueHnun uncia aprotsraueit ¢ 7 1o 10 enuHun (npyu HEU3MEHHOM 4YHCIIE
MTOTPY3YHUKOB — 6) HHTEHCUBHOCTD Bo3pacTaet ¢ 163 1o 206 TEU/4. OxHako npu gaibHEHTIIEM
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yBenmm4yeHUHn ¢ 12 mo 14 Teradeid Temm TPUPOCTA CHIDKACTCS, YTO CBHJCTEIHCTBYET
0 MEPEMEIIECHUH Y3KOTO MECTay» B 3BEHO IMOTPY3UHUKOB M CKJIAJICKUX KPAHOB.

[IpakTryeckue BBIBOJIBI: SIBJICHUE HACBHIIICHUS W TICPEMETICHHSI «y3KOTO MECTa» MEXKTY
BUJAMHA TEXHUKH JIOKA3bIBaCT, 4YTO CTpATerdsl HapallMBaHHUsS TOJBKO OJIHOTO BHIA
obopynoBanus Aaét yowsiBaromwmii a3 dekt. J[nsg noctmwkenus meneBoro nmokazarens 260 TEU/4
HE0OXO0IMMO OJTHOBPEMEHHOE U cOaTaHCHPOBAHHOE YBEIMYCHUE TapKa KaK aBTOTATAdYeH, TakK
Y TIOTPY34YHMKOB — JTAHHBIM BBIBOJI KIMEET HKCIIEPUMEHTATIBHO 000CHOBAHHBINM XapaKTep K MOXKET
HETIOCPEJICTBEHHO TPUMEHSTHCS TPH TPUHITHYA WHBECTHIIMOHHBIX PEICHUN O PacIIMpEHHUN
MmorHoctel LlenTpa.

Puc. 1. Busyanuzanus DES-monenu — norpy304Ho-pa3rpy304Hble paboThl
¢ MmopckuM cyaHoM B JII] ®@wiok Jlonr [9]

i )
y =t

—

|ttt
e

e ot g

Puc. 2. Buzyanuzamus DES-mMonenu — 06paboTka KOHTeitHepOB
Ha TepPUTOPUH TepMHuHaAIA [9]
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Puc. 3. 3aBHCHMOCTh HHTEHCUBHOCTH 00Pa0OTKH KOHTEHHEPOB
OT YKcCIia TPAHCTIOPTHBIX CPesCTB [9]

MeTtonosioruueckas LEHHOCTh IOJYYEHHBIX PE3YyJbTaTOB BBIXOAUT 3a pPaMKHU
KOHKPETHBIX KOJHMYECTBEHHBIX NoKa3zarened. Monens noarBepxaaer: DES nmomyckaer
BepupUKAIMI0O B YCIOBUAX BbeTHamMa myTEM COMOCTABICHUS CMOJEIUPOBAHHOMN
WHTEHCHUBHOCTH 00paboTKM ¢ (PaKTHUECKUMH JAaHHBIMU JKCILTyaTHPYIONIEH OpraHu3aIuu;
MMHUTAIIMOHHBIA DJKCIIEPUMEHT B 3HAUYUTENBHOW Mepe 3aMelnaer TPpYHoEMKuil cOop
MUKpPOJAHHBIX, TIOCKOJIbKY BEpH(PUKANHS BBIXOJHBIX IAPaAMETPOB IMPOHU3BOIAUTCS
B CPaBHEHHMHM C U3BECTHBIMHU arperuipoBAHHBIMU MOKA3aTEJSIMU; PECYPCHBIA CLE€HApHBII
aHaJiu3 HENOCPEJCTBEHHO MOJAEPKUBAET WHBECTULMOHHbBIE PEUICHUS [0 PaCHIMPEHUIO
MOIIHOCTEH, MEePEeBOJIsI UMUTAIIMOHHOE MOJIEJIMPOBAHUE M3 MHCTPYMEHTA aKaJeMUUYECKUX
HCCIIEIOBAHUI B HMHCTPYMEHT MOJACPKKU TNPUHATHS NPAKTUYECKUX YIPABICHYECKUX
peureHuit.

HanpaBienuss pa3BUTHA HMMHTANUOHHOIO MOJEJUPOBAHNS KOHTeHEPHBIX
TePMHHAJI0B NPUMEHHTEIbHO K ycaoBuaAM BreTrHama

Ha ocnoBe mnpoBenéHHOro o030pa M aHalIWM3a UCCIEA0BATEILCKOrO mpodera
B HACTOSIIEH cTaThe MpejyraraeTcs paspadorka MoayibHoi DES-Monenn KoHTeHEpHOTO
TepMUHaJIa MPUMEHUTEIFHO K ycloBUsIM BbeTHama. B kauecTBe MHCTpyMEHTaIbHOU Cpenbl
pexomennyetrcss AnyLogic, obecnieunBatomuii coBmecTHyio peanusamnuio DES, ABM u SD
B €IMHOM Cpelie MOJIETMPOBAHUS, YTO JIOMYCKAaeT T'MOKOEe MEePeKIIOYeHNE MEXIY YPOBHSIMHU
JeTaIn3alud MOJICTTA | apoOrpOBaH IS 3a1a4d aHAIoruaHoro kiacca [11]. Arena u Python
SimPy moryt paccMmarpuBaThCs Kak ajlbTEepHATUBHBIE pEIIEHUs B CiIy4ae OTpaHUYCHUS
oOsactu npuMeHeHus yucteiM DES.
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Tabmura 3.

MO,Z[yJ'IBHaSI CTPYKTYpa, BXOAHLIC MTAHHBIC U IIpejraracMas CTpaTerusd BCpI/I(I)I/IKaI_[I/II/I

MOPCKUX MOPTOB
BH

Monyb Moaennpyembie IIpuopuTeTHbIE BrixoaHble Crparerus
npouecchl BXOJHBIE JaHHbIE NoKa3aTejin Bepudukanun
CynHo u [TpuObITHE CYyaHA, Pacnncanns Bpems oxunanus CormnocrasiieHHe
MPUYATBHBII OKHUJIaHHE, CyZ03aX0/I0B cyaHa, K03 GULUEeHT paccuuTaHHOTO
¢$poHT pacnpeneneHue (BMA, MPA); 3aHATOCTH MpUYaa, k03(¢. 3aHsATOCTH
MPUYAJIOB, BpEMs MPOrHO3 BPEMEHU BpeMs obopoTa npuyana ¢
00CITy)KUBaHUS MOCTaHOBKH [33]; OTpacyieBbIMU
pacrpeneneHvs u3 naHHbIMU Mopckoit
[34,40] aMUHUCTpaLN
Cyn0BbI€ KpaHbl Lukn neperpy3ku, Texuuvyeckue ITpou3BOAUTENBHOCTD CornocTtaBlieHue
W TIeperpy304Hbie | pacrpeneseHne nacropra neperpy3KH, Ko3g. pacdETHOI
ornepaluu KpaHOB, MPOCTOU ZPMC/Liebherr; KCTIONIb30BaHUS MPOU3BOIUTETBHOCT
nannsie OEE o KpaHOB, BpeMs 1 KpaHOB C
TpyMIe CyA0OBBIX | OOCTy)XKHBaHUS CylHA | MEXIyHapOIHBIMU
KpaHoB u3 [30] STaJlOHaMU
(mBWXeHMIA/T)
BryTtpunoproBsiii | ABrotsiraun/Tpadcn | [lapk, ckopocTs, Koadpumment ITepexpécThas
TpaHCTIOPT OpTHBIE CPENCTBA JUTUTETEHOCTD WCTIONIb30BAHUS Bepu(puKanys ¢
Mexay npudasiom u | uukna; OEE no TEXHUKH, BPEMS pe3yabpTaTamu
CKJIaIOM aBTOTPAHCIIOPTY O0XKHUJIAHHS Y mozenu JIL ®viok
u3 [30]; npuyana/cknana, Jlonr 163—260
KOpPEeKTHPOBKA «y3KHe MecTay TEU/4 [9]
O pe3ybTaTaM TPaHCIIOPTUPOBKH
JILL ®b1ok JloHT
[9]
KonreitHepHbIit XpaHeHue, BblIa4a, | BmectuMocTh 3anoJIHEeHHOCTh ComnocraBieHne
CKIIaz MPECTaKUHT, cKnaaa (TexH. CKJIaJa, YUCIIO paccunTaHHOTO
MepeKIagku JOKyMEHTaLUsI MEPEKIIAIOK, BpeMsl | 3aI0JIHEHUS CKIIaa C
nopta); OEE 00CITyKUBaHUA NPOEKTHBIMU
CKNIAJICKNX MOLIHOCTSIMA
KkpaHoB u3 [30]; TepMHUHAIIOB U3 [32]
HOPMaTHBBI
nepeKIasok
[7,29,41]
BoportHslii [IpubsbiTHE Yucno nosoc; Bpems o6opoTa aBT. ConocTaBiieH1e
KOMIUIEKC U aBTOTpPaHCIOPTa, BpeMs TPaHCIIOPTa, OYepeNib | paCUETHOIO BPEMEHH
aBTOTPAHCIIOPT OJKUJIaHHE, odopmieHus u3 y BOpOT, 000poTa ¢ JaHHBIMU
odopmieHue, [13]; ko3 uneHT JIOTHCTHYECKUX
BBE3//BbIE3]] WHTEHCUBHOCTh UCTIOb30BaHMS BOPOT KOMMaHUH
MOTOKOB 10
JAHHBIM O
3aTOBapUBAHUU
Bopot Kar
Jlait/CMIT
TrinoBas Ces3b ¢ UTK, neno | CxeMmsl Ieperpy»«eHHOCTb Oran 1: aHanus
UH(PPACTPYKTYpa | HOPOXKHUX KOHT., peruoHanbHbIX UH(PACTPYKTYpbl 32 | YYBCTBUTEILHOCTH.
aBT./BOAHBILI/ K.~ 1. MePEBO30K npejenamu nopra, Oram 2:
TpaHCIOPT MunTtpanca BpeMs BepupuKauusa Ha
Boernama; TPaHCTIOPTUPOBKH, OCHOBE TaHHBIX
cratuctuka UTK | BausiHue Ha TepMuHan | mapTHEpa-oneparopa
Accounanuu

200
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[lepexon k ruOpUIHOMY MOJIETUPOBAHUIO JOKEH ONPEEISITHCS UCCIIeI0BATENbCKIM
BOIIPOCOM, a HE CTpeMJICHHMEeM K YycloXHeHutio ™ojenu. HWurerpauuss DES+ABM
nesjaecooOpa3Ha Mpy W3YYEHUU MOBEIECHUS aBTOTPAHCIOPTHBIX KOMITAHUH, IMCIIETYEPOB UITU
cynoxoasbix auHuNA. MaTerpanus DES+SD obocHoBaHa Ipu aHaiu3e J10JIrOCPOYHOTO pocTa
rpy30000pOTa, NHBECTUIIMI B MOIIHOCTH WJIM PETMOHAIIBHOTO TUIAHUPOBAHNUS JIOTUCTHYECKUX
cereifi. B o0omx ciywasx Kaxablii YpPOBEHb WHTErpalvH JOJDKEH COMPOBOKIATHCS
COOTBETCTBYIOIIEH cTpaTerneil BepupuKaIim.

3ak/aoueHue

BrimosHeHHOE Mcce1oBaHue TIOKa3allo, 4YTo JUCKPETHO-COOBITHITHOE MOIETIMPOBAHUE
MOXKET paccMaTpHhBaThCsl Kak Hambojee OOOCHOBAaHHOE METOJMYEcKOoe SApO IS aHalu3a
ornepanuii KOHTEHHEPHOrO TEpMHMHAla HAa MHKPOYPOBHE, IIOCKOJBKY OHO II03BOJISIET
YUUTHIBATh TOCIIEI0BATEIBHOCTh TEXHOJIOTMUECKUX COOBITUH, KOHKYPEHIUIO 3a PECYPCHI,
ouepeu, IPOCTOM M BIMSHHUE JUCIETYEPCKUX PEIIEHUH. ATEHTHOE MOJEIUpPOBaHHUE U
CHUCTeMHasl TUHAMHUKa TpPU 3TOM IeJecooOpa3Hbl KakK JOMOJIHUTENbHBIE YPOBHU aHAIIM3A:
IepBOE — JUISI y4eTa MOBEJICHUS YYaCTHUKOB MTEPEBO30YHOrO IIPOLIECcca, BTOPOE — ISl OIIEHKH
JOJITOCPOYHOIO Pa3BUTHS MOIINHOCTEH M OOpaTHBIX CBSI3€H B TPAHCIIOPTHO-JIOTHCTUYECKON
CUCTEME.

[IpumeHHUTENBPHO K YCIOBHSIM BbeTHama yCTaHOBIEHO, UTO JalIbHEHINEE pa3BUTHE
MMHTAIMOHHBIX MOJIENIEH CHEPKUBAETCS HE TOJBKO OIPAHWYEHHOCTBIO MHUKPOYPOBHEBBIX
JTAHHBIX, HO ¥ HEJJOCTaTOUYHOW MHTErpanuel yke IMEIOIUXCS IMIIMPUIECKUX PE3YJIHTaTOB B
eMHYIO TTHAMUYECKYIO MOJIeITb. DKCIIepUMEHTalIbHAS MILTIoCTpanus Ha ocHoBe DES-Monenn
JOTHUCTHYECKOro IeHTpa @Pplok JIOHT TOATBEPKIAET BO3MOXKHOCTH HCIIOJIB30BAHMS
AMHTAIMOHHOIO ITOAXO0A JUISl aHAJIN3a PECYPCHBIX OTPAaHUYEHUN U BBISIBJICHUS IIEpPEMEIIECHUS
«Y3KHX MeCT» MeX1y nojacuctemamu. HaydHo-IpakTH4ecKkuii pe3ysabTaT CTaTbU COCTOUT B
npennoxxkeHun MonyinpHoro DES-kapkaca KkoHTeMHepHOro TepMuHANA JUIsI MOPCKOM
TPAHCHOPTHO-JIOTUCTUYECKON  cucTeMbl ~ BbeTHama,  KOTOpPBIA ~ MOXET  CIYXXHTh
METO0JIOTHYECKOW OCHOBOM JUISl MTOCJIEAYIOIUX IPUKIIAIHBIX UCCIEA0OBAHUM IIPU yCIIOBAH
pacuiMpeHusi OIepalMoHHONH ©Oa3bl JIaHHBIX, YTOYHEHHUs pacHpeesieHui BpeMeHU
OOCITy’)KMBaHUSI M COIIOCTABJICHHS pPE3yJbTATOB MOJCIUPOBAHUS C  (PaKTHICCKUMHU
noKazaTessiMi padoThl KOHKPETHBIX IIOPTOBBIX OOBEKTOB.
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