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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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KOJIIK JIOTUCTUKACHI )KYUEJIEPI MEH MOJIEJIbAEPIH
OHTAWJIAHJBIPY

JLB. lHlaaxwemos*, E.H. Amupzanues

lasxmeTtoB Juac Bip:xanyab1 — Xanelkapaiblk aKIapaTThIK TEXHOJIOTHSUIAp YHUBEpCHTETIHIH «busnec
aQHAJMTHKA» MaMaH/IBIFbI OOMBIHINA eKiHIT KypC CTYACHTI;

Amuprannes Eqnnxan HecunxanoBHY — TeXHUKA FRUIBIMAAPBIHBIH JIOKTOPHI, «AKIAPATTHIK XKYHenepy
KadenpackIHBIH Tpodeccopbl, XalbIKapablK aKIapaTThIK TEXHOJIOTHSIIAp YHUBEPCUTETI.

© J1.b. llasxmeroB, E.H. Amupranues, 2022

Annotanus. J)Kyk TacbIMaiblHa JETeH CYpaHbIC eIIeT] OHAIpiC caHbIMEH-KOJIEMiHIH
e3repy MaciuTaObl MEH KYPBUIBIMBIHA, JKOHE JIe SKOHOMHUKAHBIH OYKiJ cajalapbIHIaFbl
KOCIMOPBIHIAP MEH YHBIMAAPBIH TipILIiTiriHe OainanbicTel. Makaana KoCilmopbIHAaFbI
ABTOKOJIIK JIOTUCTUKACHIH OHTAHIaHIBIPy MaKcaTbiHIa MUTAHSIIBIK CTaTUCTHKAIIBIK
Moaudukanusiiarel - KemiKTiK-TeXHOJIOTHSIBIK ~ KeLISHACPAl 3epTTey Macenenepi
KapacTelpbuiafibl. Mogenbaey KemiKTiK-TeXHONOTHSUIBIK, —KeIIeHICPAl  YaKbIThLIbI
OackapyablH €H THIMII OIICTEpiH alllyFa JOHE OJapAbl aBTOMATTaHIbIPHUIFaH
aKnaparThIK JKyienep apKbUIbl Ky3ere acblpyra MyMKiHZiK Oepai. CoHpaii-ak, ochl
caylafiarbl Ka3ipri KMbIHIABIKTAP KapacThIpbULAbl. Kazipri yakelTTa OCBl calajarbl eH
©3EKTi MacelesIepiH KaTapblHa SBOJIOLMSIBIK MOACIBICY, aHbIK €MEeC T'€HETHKAJbIK
JKOHE aJIaITUBT1 AJITOPUTMEP CUSKTHI €CENTEY MHTEIUICKTIHIH KaHa 9ICTePiH KO AaHy
apKbUIBl KypAendi, ¢opManuzaunusuiaHOaraH OHTAWJIaHIBIPY MOCeJeNepiH IIelryaiH
THIMAI OMICTepiH KYPY >KOHE KOPBITHIHIBI jKacay jKaTalbl. BYTiHI1 JIOTMCTHKAIBIK
XKYHenepal Kypy Ke3iHJle OHIMHIH IIMKi3aT eHIipyaeH OacTarl, OHbl OHAIpiC KOWMachIHA
KETKI3yAeH OacTan TYTHIHYIIbIFa JaiiblH OHIM/I TackIManaayFa Jedinri OyKil eMipiik
LUK KepceTiireH. DKOHOMHKa MEH TackiMaiiaay Oip-OipiHe e3apa acep eTeTiHiH ecTe
yCTaraH *eH. DKOHOMHUKaHBIH JaMybl TaCHIMAJAApIbIH ©CyiHE 1€, KOFapbl JCHIenre
Je, TachIMaliay KbI3METTEpiHiH MyMKIiHIIKTepiHe e acep ereni, MHBecTuuumsiap
JIeHIeliiHe KoHEe aliMaKTaFrbl YKOHOMHKAHBIH ©CY KapKbIHBIHA KaFbIM/IbI 9CEP €TEi.

Tyiiin ce3nep: Moaenbaey, IOTUCTUKAHBI OHTAHIAHIBIPY, AITOPUTM, XKeael 6acKapy,
CTaTUCTUKAIIBIK MOJEIBACP

Hoviexce3 ymin: JI.b. IlasxmeroB, E.H. Amupramues. Keimik noructukacet
xyHenepi MeH moxenbaepin oHrainanablpy //XAJIBIKAPAJIBIK AKITAPATTBIK-
KOMMVYHUKAIUAJBIK TEXHOJIOTUAJIAP XXYPHAJIBL. 2022. Tom. 3. Is. 1.
Hewmipi 9. 74-82 6et (opsic Tininae). DOIL: 10.54309/1J1CT.2022.9.1.010.
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ONTUMM3AIIMA CUCTEM U MOJEJIA TPAHCIIOPTHOM
JIOI'NCTUKH

JLb. Illaaxmemos™, E.H. Amupzanues

IMasxmeroB /Iuac BipaaHyabl — MarucTpaHT BTOPOro Kypca crenuansHocTd «busHec aHanuTHka»
MexyHapoJHOTO YHUBEpCUTETa HH()OPMAIMOHHBIX TEXHOIOTHIA;

Amuprannes Emuaxan HecunxaHoBHY — JOKTOp TEXHHYECKHX HayK, mpodeccop Kadeapsl
"Nupopmannonnsie cucteMsr", Mex1yHapoIHbIH YHHBEPCHTET HH(POPMAI[HOHHBIX TEXHOJIOTHIl.

© J1.b. lllasxmeros, E.H. Amupranues, 2022

AnHoramus. Crpoc Ha rpy30MepeBO3KH BO MHOIOM OOYCJIOBJICH JHHAMHUKOH U
CTPYKTYpOH H3MEHEHHN 00beMOB ITPOM3BO/ICTBA B CTPAHE, a TAKKE )KU3HECTIOCOOHOCTHIO
MPEANPHUITHI U OpraHu3alyid BO Bcex cepax IKOHOMUKHU. B cTarbe paccmarpuBaroTcs
BONPOCHI M3YUYEHHsS TPAHCIIOPTHO-TEXHOJIOTHUYECKUX KOMIUIEKCOB HAa MMMTALMOHHOM
CTaTUCTUYECKOW MOIM(PUKAIINH C [ENBI0 ONTHMHU3AIUH aBTOTPAHCIIOPTHOM JIOTUCTHKH
Ha TpPEANpHATHH. MojenupoBaHHe 03BOJMIO OTKPBITH Hawboiee JeiCTBEHHBIC
METO/Ibl CBOEBPEMEHHOTO YIIPABIIEHUS TPAHCIIOPTHO-TEXHOJIOTNYECKUMH KOMIUIEKCAMU
U peann3oBaTh MX uYepe3 aBTOMaTH3MPOBAHHON MHGOPMAIMOHHON cHUCTeMbl. Takxke
OBUIO paccMOTpEHa JCHCTBYIOIIME TPYOHOCTH B 3ToM cdepe. K umcmy nambonee
aKTyaJIbHBIX 3a/1ad dTOH OOJIACTH B HACTOSIIIEE BPEMsI MOKHO OTHECTH IPOOIEeMBI
CO3JJaHUsl PE3YJBTaTHBHBIX METOJOB pEIICHHS CIOKHBIX CJ1ado (HopMamr3yeMbIx
3a/lad ONTHUMM3AIMM M TPUHATHS BBIBOJOB 3a CYET MPUMEHEHHMsS HOBBIX CIIOCOO0B
BBIUMCIIUTEIBHOTO HMHTEIJIEKTA, TAKUX KaK SBOJIIOLMOHHOE MOJEIHPOBAHUE,
HEYETKHE TeHEeTHYECKHe U aJalTHBHbIE aNropuTMbl. [Ipyu mocTpoeHnn ceromHsauIHux
JIOTHCTUYECKUX CHUCTEM HAMEYaeTCsl BECh JKU3HEHHBIM LUK HM3JENUs OT JOOBIYU
CBIPbsl, TPAHCIIOPTUPOBKH €r0 Ha CKJIAJl IIPOU3BOACTBA 10 TPAHCIOPTUPOBKU T'OTOBOU
MPOIYKIINHU MOTpeouTento. Takke HEOOXOIUM YUHTHIBATH, YTO SKOHOMHKA 1 TICPEBO3KH
3auMO00Opa3HO JAEUCTBYIOT Ipyr Ha apyra. Kak pa3BuUTHE SKOHOMHKH TPHU3BIBACT
Mporpecc NepeBO30K, TaK U BO3BBIIIEHHBIH YPOBEHb, U BO3MOKHOCTH NEPEBO30YHBIX
YCIIYT, HOJIE3HO BO3JICHCTBYIOT HA YPOBEHb MUHBECTULIMHA M TEMIIbI POCTA YKOHOMHUKHU B
CTpaHe.

KuroueBble ¢€JI0BAa: MMUTALMOHHOE MOJEIHMPOBAHUE, ONTHMH3ALUS JIOTUCTUKH,
AJITOPUTM, OIEPATUBHOE YIIPABICHHUE, CTATUCTUYECKUE MOJIEIH

Jas  mutupoBanms: JI.b. IllasxmeroB, E.H. Awmmuprammes. OntumMusamuu
CHCTEM M MOJeNH TpaHcropTHo# noructuxu // MEXJIYHAPOJHBIM JXYPHAJI
NMHOOPMAIIMOHHBIX 1 KOMMYHUKAIIMOHHBIX TEXHOJIOI' A, 2022. Tom.
3.Is. 1. Homep 9. Ctp. 74-82 (Ha pycckom si3bike). DOIL: 10.54309/1JICT.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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F=3M T(X)C+ X, Xy TP (X)Cp - min (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:

QM < ¥R Qu(X) < Q™ ()

where is Q™" 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.

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

(=)

International License |y

79



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

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.

[391[|r1g the initial ]
states
[

O i
i [ Finding the minimum
| in the array of MISS

Output
of simulation
resulls

No

]
Yes

Type Dafinition

changes

[ Block1 | Block 2

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) (specific 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 fixing 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 differ for the first 10 intervals
(containing 0.97 of the sample size) by no more than 6—8 %, confirm 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
fixing vehicles) by repeated runs of the model for the tested fixing 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.

S60 =4

l | | l | | l

i B 12 113 20 24 I8 iz

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

The curves in figure 2 correspond to the total losses at a fixed 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 effectiveness of the developed methods of solving the problem,
the actually obtained performance indicators of the quarry were compared with

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

(=)

International License |y

81



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

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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