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Abstract. The demand for cargo transportation is largely due to the dynamics and 
structure of changes in production volumes in the country, as well as the viability of 
enterprises and organizations in all sectors of the economy. The article deals with the 
issues of studying transport and technological complexes on simulation statistical 
modification in order to optimize road transport logistics at the enterprise. Modeling 
used in the study allowed to discover the most effective methods of timely management 
of transport and technological complexes and implement them through an automated 
information system. The current difficulties in this area were also considered. Among the 
most urgent tasks in this field at present are the problems of creating effective methods 
for solving complex weakly formalized optimization problems and making conclusions 
through the use of new methods of computational intelligence, such as evolutionary 
modeling, fuzzy genetic and adaptive algorithms. When building today's logistics 
systems, the whole life cycle of a product is planned from the process of extracting raw 
resources, its transportation to the production warehouse to the transportation of finished 
products to the consumer. It should be taken into consideration that the economy and 
transportation mutually affect each other. Both the development of the economy causes 
an increase in transportation, and the high level and possibilities of transportation 
services have a beneficial effect on the level of investment and the growth rate of the 
economy in the region.

Keywords: simulation modeling, logistics optimization, algorithm, operational 
management, statistical models
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Аннотация. Жүк тасымалына деген сұраныс елдегі өндіріс санымен-көлемінің 
өзгеру масштабы мен құрылымына, және де экономиканың бүкіл салаларындағы 
кәсіпорындар мен ұйымдардың тіршілігіне байланысты. Мақалада кәсіпорындағы 
автокөлік логистикасын оңтайландыру мақсатында Имитациялық статистикалық 
модификациядағы Көліктік-технологиялық кешендерді зерттеу мәселелері 
қарастырылады. Модельдеу Көліктік-технологиялық кешендерді уақытылы 
басқарудың ең тиімді әдістерін ашуға және оларды автоматтандырылған 
ақпараттық жүйелер арқылы жүзеге асыруға мүмкіндік берді. Сондай-ақ, осы 
саладағы қазіргі қиындықтар қарастырылды. Қазіргі уақытта осы саладағы ең 
өзекті мәселелердің қатарына эволюциялық модельдеу, анық емес генетикалық 
және адаптивті Алгоритмдер сияқты есептеу интеллектінің жаңа әдістерін қолдану 
арқылы күрделі, формализацияланбаған оңтайландыру мәселелерін шешудің 
тиімді әдістерін құру және қорытынды жасау жатады. Бүгінгі логистикалық 
жүйелерді құру кезінде өнімнің шикізат өндіруден бастап, оны өндіріс қоймасына 
жеткізуден бастап тұтынушыға дайын өнімді тасымалдауға дейінгі бүкіл өмірлік 
циклі көрсетілген. Экономика мен тасымалдау бір-біріне өзара әсер ететінін есте 
ұстаған жөн. Экономиканың дамуы тасымалдардың өсуіне де, жоғары деңгейге 
де, тасымалдау қызметтерінің мүмкіндіктеріне де әсер етеді, Инвестициялар 
деңгейіне және аймақтағы экономиканың өсу қарқынына жағымды әсер етеді.

Түйін сөздер: модельдеу, логистиканы оңтайландыру, алгоритм, жедел басқару, 
статистикалық модельдер
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Аннотация. Спрос на грузоперевозки во многом обусловлен динамикой и 
структурой изменений объемов производства в стране, а также жизнеспособностью 
предприятий и организаций во всех сферах экономики. В статье рассматриваются 
вопросы изучения транспортно-технологических комплексов на имитационной 
статистической модификации с целью оптимизации автотранспортной логистики 
на предприятии. Моделирование дозволило открыть наиболее действенные 
методы своевременного управления транспортно-технологическими комплексами 
и реализовать их через автоматизированной информационной системы. Также 
было рассмотрена действующие трудности в этой сфере. К числу наиболее 
актуальных задач этой области в настоящее время можно отнести проблемы 
создания результативных методов решения сложных слабо формализуемых 
задач оптимизации и принятия выводов за счет применения новых способов 
вычислительного интеллекта, таких как эволюционное моделирование, 
нечеткие генетические и адаптивные алгоритмы. При построении сегодняшних 
логистических систем намечается весь жизненный цикл изделия от добычи 
сырья, транспортировки его на склад производства до транспортировки готовой 
продукции потребителю. Также необходим учитывать, что экономика и перевозки 
заимообразно действуют друг на друга. Как развитие экономики призывает 
прогресс перевозок, так и возвышенный уровень, и возможности перевозочных 
услуг, полезно воздействуют на уровень инвестиций и темпы роста экономики в 
стране.

Ключевые слова: имитационное моделирование, оптимизация логистики, 
алгоритм, оперативноe упрaвление, статистические модели

Для цитирования: Д.Б. Шаяхметов, Е.Н. Амиргалиев. Оптимизации 
систем и модели транспортной логистики // МЕЖДУНАРОДНЫЙ ЖУРНАЛ 
ИНФОРМАЦИОННЫХ И КОММУНИКАЦИОННЫХ ТЕХНОЛОГИЙ. 2022. Том. 
3. Is. 1. Номер 9. Стр. 74-82 (на русском языке). DOI: 10.54309/IJICT.2022.9.1.010.

Introduction
The key challenges of the 21st century, such as global energy security, depletion of

natural resources, the third industrial revolution, increasing social instability and a new 
threat of global destabilization, determine new requirements for the socio-economic 
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development of the country, including the development of the infrastructure of the 
country's transport system. Without the development of the transport system within 
the country in the context of globalization, it is impossible to successfully integrate 
the economy of Kazakhstan into the world system. Therefore, the development of the 
transport industry as a whole should be aimed at improving the level of development of 
the infrastructure of the transport system.

An important task of the transport and communication infrastructure is to ensure the 
availability and quality of transport services provided and the creation of "infrastructure 
centers" in remote regions and sparsely populated regions, as well as solving the issue of 
providing the village with the necessary transport links. Without the rapid development 
of the infrastructure of the transport system, it is impossible to successfully solve 
strategic tasks to ensure sustainable economic growth of the country, its security and 
defense capability, rational integration into the world economy and, accordingly, the 
entry of Kazakhstan into the top 30 competitive countries.

We know that Kazakhstan has chosen a clear direction for the development of the 
transstructural corridor in order for Eurasia to be in the trade turnover. For a quarter of 
a century of independence, a lot of work has been done.

The importance of road freight transportation in the development of the country's 
economy and the maintenance of its international commercial connections cannot 
be overstated. The process of ensuring transportation involves solving a number of 
organizational, technological and managerial problems.

Modern logistics systems operate or are being created, including at such enterprises 
where significant amounts of work are carried out by transport and technological 
complexes consisting of loading points, unloading points and vehicles.

For short-distance transportation, road transport is traditionally used, one of the 
main advantages of which is high maneuverability. With the help of cars, cargo can be 
delivered "door to door" with the necessary degree of urgency. This type of transport 
ensures the regularity of delivery, as well as the possibility of delivery in small batches. 
An important problem of improving the management of logistics systems is the 
accounting of losses arising in the process of functioning of transport and technological 
complexes.

It follows from the above that the main task of management is operational planning 
and regulation of traffic, which allows to increase labor productivity, the utilization rate 
of machinery and equipment. In other words, the task of improving the management of 
logistics systems is to reduce the total losses from downtime of transport and loading 
equipment.

Simulation and analytical modeling of logistics systems
In the study of such systems, modeling is widely used, which makes it possible 

to significantly reduce the cost of studying existing systems, as well as predict 
their behavior in the future, taking into account changes in external conditions. The 
mathematical apparatus for the research of such objects are the methods of queuing 
theory and statistical modeling methods, which allow comparing various options for 
planning and controlling the technological process under study in laboratory conditions 
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(Domke et al., 2014: 164). The essence of optimizing the models themselves is to 
simplify them at a given level of adequacy. The main indicators for which optimization 
of the model is possible are the time and cost of operations.

In simulation modeling, the algorithm of the system functioning in time is reflected 
― the behavior of the system, and the elementary phenomena that make up the process 
are simulated, while preserving their logical structure and sequence of flow, which 
allows, according to the initial data, to obtain information about the states of the course 
in the set time factors that give the probability to set the characteristics of the adjustment 
(Shamraeva et al., 2018: 20–26). The main advantage of simulation modeling in 
comparison with the use of analytical models is the probability of solving more complex 
problems. 

Simulation models allow to take into account such factors as the presence of discrete 
and continuous elements, nonlinear characteristics of the system elements, numerous 
random influences and others, which often create difficulties in analytical studies.

Simulation modeling is a particularly effective and really accessible method of 
studying systems, obtaining information about the behavior of the system, especially 
at the stage of its design: evaluating options for the structure of the system, the 
performance of various algorithms system management, the impact of changes in 
various system parameters. Simulation modeling can be used as the basis for structural, 
algorithmic and parametric synthesis of systems when it is required to create a system 
with specified characteristics under certain constraints. To build a simulation model of 
a loading and trucking complex, a formalized description of this technological control 
object is necessary. The model covers technological vehicles in interaction with loading 
and unloading equipment. As initial indicators of the process (the duration of loading, 
movement, unloading operations), both empirical data (the results of time-lapse 
observations in the form of histograms) and theoretical-probabilistic distributions of the 
durations of all process operations in which vehicles participate can be used (Pitelinsky, 
2018: 16–21).

Consider the use of simulation modeling in relation to the tasks of operational 
planning of mining operations (for example, loading ore or rock in a quarry, its delivery 
and unloading in a warehouse, at a processing plant or in waste rock dumps, returning 
vehicles empty to the quarry), solved in real time. The criteria on the basis of which 
operational planning is carried out are extremely important. We will single out two 
of them, stating in general: "maximizing the quantity of total exports cargo while 
monitoring the specified identifiers of the subjective composition of the rock mass as well 
as trying to meet the new tech circumstances" or "minimizing total losses from shipping 
and loading equipment failure while observing the defined indicators of the subjective 
composition of the rock mass and meeting the technology conditions". Formulation of 
the distributive problem Consider the use of optimal methods for solving the distributive 
problem according to the second criterion: in this problem, it is required to find such 
a vector of attachment of vehicles Xr =(x1 ,x2 , ...,xM) so that the objective function 
given by the functional F – condition (1) takes a minimum value when the restrictions 
on the number of available vehicles N and the quantity of transported product (2) are 
met:
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i – numbers of loading points;
j - numbers of motor transport units; 
Ci - the cost of downtime of the i-th loading point per unit of time;
Cp - the cost of downtime of the j-th vehicle of the p-th type per unit of time;
N - the total number of vehicles working in shifts at the same time; 
M - the total number of loading points;
Ti ((X), T p / j (X) - downtime, respectively, of the i-th point
L- the quantity of transported product
loading and the j-th vehicle of the p-th type when fulfilling restrictions on the export of

cargo from the i-th point of loading to the k-th point of unloading:

𝑄𝑄𝑖𝑖
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of cargo from the i-th point of loading to the k-th point of unloading:

𝐹𝐹 = ∑ 𝑇𝑇𝑖𝑖(�⃗�𝑋)𝐶𝐶𝑖𝑖 + ∑ ∑ 𝑇𝑇𝑗𝑗
𝑝𝑝(�⃗�𝑋)𝐶𝐶𝑝𝑝𝐿𝐿

𝑝𝑝=1
𝑁𝑁
𝑗𝑗=1

𝑀𝑀
𝑖𝑖=1 → 𝑚𝑚𝑚𝑚𝑚𝑚 (1)

where:
i – numbers of loading points;
j - numbers of motor transport units; 
Ci - the cost of downtime of the i-th loading point per unit of time;
Cp - the cost of downtime of the j-th vehicle of the p-th type per unit of time;
N - the total number of vehicles working in shifts at the same time; 
M - the total number of loading points;
Ti ((X), T p / j (X) - downtime, respectively, of the i-th point
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loading and the j-th vehicle of the p-th type when fulfilling restrictions on the export of
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𝑖𝑖=1 → 𝑚𝑚𝑚𝑚𝑚𝑚 (1)

where:
i – numbers of loading points;
j - numbers of motor transport units; 
Ci - the cost of downtime of the i-th loading point per unit of time;
Cp - the cost of downtime of the j-th vehicle of the p-th type per unit of time;
N - the total number of vehicles working in shifts at the same time; 
M - the total number of loading points;
Ti ((X), T p / j (X) - downtime, respectively, of the i-th point
L- the quantity of transported product
loading and the j-th vehicle of the p-th type when fulfilling restrictions on the export of

cargo from the i-th point of loading to the k-th point of unloading:

𝑄𝑄𝑖𝑖
𝑚𝑚𝑖𝑖𝑚𝑚 ≤ ∑ 𝑄𝑄𝑖𝑖𝑖𝑖(�⃗�𝑋)𝑅𝑅

𝑖𝑖=1 ≤ 𝑄𝑄𝑖𝑖
𝑚𝑚𝑚𝑚𝑚𝑚 (2)   minimum (maximum) permissible volume of cargo removal from the 

i-th loading point; k is the number of the unloading point; Qik(X) is the volume of cargo
removal from the i-th loading point to the unloading point k with the accepted variant x
of securing transport to the loading points.

Construction of statistical simulation model in transportation logistics system.
Research and optimization of the operation of loading and transport equipment in 

accordance with national cost standards, a statistical simulation model of the operation 
of transport in a quarry ― GTR has been created. A simulation model of the operation 
of loading and transport equipment as a queuing system was created using a special 
modeling language GPSS (General Purpose Simulation System). Since GPSS is a 
modeling language, it includes special tools for describing the dynamic behavior of 
systems that change over time, and the change of states occurs at discrete points in time. 
When modeling such systems, the use of GPSS not only guarantees the provision of 
the necessary software, but also allows you to make these models clear and concise. It 
makes GPSS is more preferred for programming than other procedural programming 
languages.

Simulation modeling of the operation of quarry equipment can be used to solve two 
main tasks:

- determining the performance of a quarry with a certain fixed distribution of vehicles
(with possible directive redistribution of it during the shift); 

- minimization of specific total losses from downtime of loading and transport
equipment

The simulation model includes submodels: loading points; mass transportation; 
unloading points; movement of empty vehicles to loading points.  When constructing 
a modeling algorithm, three groups of arrays are introduced. Arrays of the first group 
define the structure of the system. This includes information about the number of loading 
points (LP) and unloading points (UP), the number of vehicles, the laws of distribution 
of all random variables appearing in the models, etc.



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2022. Vol. 3. Іs. 1.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License 

80

Arrays of the second group are variable arrays that specify the current state of the 
system. When the state of the system changes, the current values of the arrays of the 
second group, together with the information contained in the arrays of the first group, 
allow you to "play" the new current values of the arrays of the second group.

Arrays of the third group are arrays in which information about the functioning of 
the system is accumulated.

Figure 1 – «An enlarged block diagram of the simulation algorithm, where: – simulation time; 
1-8 – blocks of individual states of the system; MISS – array of system state changes»

In this formulation, the task of operational planning is reduced, in fact, to the task 
of planning loading and transport operations. In operational planning, a traditional 
approach is often used, based on the use of the methodology of average indicators, which 
cannot provide high results. Time-lapse observations have established that deviations of 
the actual duration of loading of transport from the standard for various loaders reach 
80 %, and this is one of the reasons for the uneven provision of loading vehicles with 
transport.

Optimization of the model and simulation results Based on the dynamic programming 
method, a computational method for optimal distribution of vehicles has been developed, 
leading to finding the global minimum (maximum) of the optimized function of any 
nature.

Research of characteristics transport and technological complex career.
In the process of modeling, statistical characteristics of the loading and transport 

process are determined:
- coefficients of use (and downtime) of vehicles and excavators;
- queues at loading points and waiting time; volumes of transported rock mass for

each excavator and motor transport, as well as for each of their types;
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- the value of the objective function F in formula (1) (specifi c total losses from
downtime of loading and transport equipment).

The listed characteristics are evaluated when solving the tasks of analyzing the work 
of the quarry when managing according to the algorithm of fi xing of vehicles. 

The adequacy of the model was checked by comparing the histograms of the relative 
frequencies of the intervals of receipt of vehicles at the distribution point, constructed 
as a result of processing time-lapse observations, with the intervals, obtained on the 
model with the same number of vehicles and similar - the structure and parameters of 
the transport network. At the same time, the histogram step in the model was reduced 
to the histogram step of the real object. The results of comparing the mean values and 
variance, as well as the interval values of frequencies that diff er for the fi rst 10 intervals 
(containing 0.97 of the sample size) by no more than 6–8 %, confi rm the conclusions 
about the adequacy of the model to the real process.

As a result of the studies carried out on the simulation model of the quarry, the 
indicators of the loading and transport process necessary for solving the problem of the 
distribution of transport by loading and unloading points were obtained.

The task of minimizing the functional is solved by the dichotomy method (in the case 
of a unimodal objective function) or trial methods (with a small number of options for 
fi xing vehicles) by repeated runs of the model for the tested fi xing options. This method 
leads to a reduction in the volume of computational operations by more than 2 times.

Figure 2 shows the total losses from downtime of loading facilities and transport, 
reduced to one shift. They depend both on the number of vehicles assigned to this 
loading point, and on the share of vehicles of each type in their total number. 

Figure 2 – «Total losses from downtime of loading facilities and transport in one shift»

The curves in fi gure 2 correspond to the total losses at a fi xed number of vehicles 
on the route equal to 2, 11, 14 and a constant distance of transportation (for the total 
number of vehicles on the line N = 45).

To assess the eff ectiveness of the developed methods of solving the problem, 
the actually obtained performance indicators of the quarry were compared with 
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the indicators obtained with optimal distribution using modeling. With an optimal 
distribution of available transport, the productivity of the quarry can be increased by 
14–18 % compared to the actual one obtained during dispatch management, which 
corresponds to a reduction in cost by 12–16 %.

 Conclusion
The results of the study of the transport process on a simulation model and its 

optimization are used in the technical implementation of an automated control system 
for transport and technological complexes in logistics, and also allow obtaining and 
study various characteristics of the technological process for a whole class of similar 
logistics systems using road or rail transport (Shamraeva et al., 2018: 20–26). Statistical 
modeling methods make it possible to remove all the restrictions artificially introduced 
into the analytical model, but they have disadvantages such as the difficulty of obtaining 
functional dependencies, the accuracy of the results, and longer implementation time 
(Domke et al., 2014: 164). Based on this, a combination of both methods can be 
recommended as a direction for further research on the functioning of transport logistics 
systems.
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