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FORECASTING THE VOLUME OF URBAN FREIGHT TRAFFIC

Abstract

The efficient development of transportation vehicles in conditions of stiff competition and global digitalization
depends on the correct methodology and forecasting of freight transportation. A review of scientific literature showed
that all studies are directed towards the railway mode of transportation. The research conducted in this work focuses
on freight transportation by road transport in the city of Almaty, where trucks remain the sole means of delivering
goods from one point to another at the local transportation level. The main goal of the research presented in this
article is to analyze statistical indicators of transportation volumes and freight turnover by road transport and develop
software aimed at forecasting the expected volume of freight transportation. In logistics planning and management, the
moving average method is employed to predict truckload volumes and freight turnover for the next year. This method
works by averaging data points to smooth out random fluctuations, thereby providing a more stable forecast. This
phenomenon arises from replacing the original levels of the time series with arithmetic means calculated for certain
time intervals. To facilitate transportation volume planning and substantiate the optimality of freight transportation,
it is necessary to have up-to-date statistical data. These statistic data serve as the basis for constructing a dynamic
representation of automobile traffic volumes and freight turnover in the city of Almaty. The growth rates of indicators
are calculated to assess dynamics. The forecasting aspect of freight transportation volume is addressed by developing
an algorithm based on the moving average method.

Key words: road transport, forecasting, moving average method, freight traffic, freight turnover, software,
algorithm.

Introduction

The urban transportation framework of major cities encompasses a sophisticated network of
transportation infrastructures, intricate equipment configurations, and complex methodologies for
urban traffic management, all of which collectively facilitate the flow of goods within the urban
environment [1-6].

The foundation of the transportation system comprises transport and logistics firms that offer
their services. In tandem with the evolution of logistics within the nation, a considerable number of
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manufacturers and transport logistics enterprises have developed a primary focus on the efficient sale
of goods and the optimization of cargo movements. This shift has led to a significant reduction in
transportation expenditures, decreased warehousing costs, expedited delivery times, and an overall
enhancement of the goods movement process.

In the Republic of Kazakhstan, competition among transport and logistics companies intensifies
progressively each year. Road transportation emerges as the most advantageous mode for freight
transport due to its cost-efficiency, rapid “door-to-door” cargo delivery devoid of additional
transshipments, and time-saving attributes. In light of these circumstances, transport and logistics
firms are compelled to meticulously forecast and strategize their operations to satisfy the escalating
populace’s increasing demand for timely goods delivery. The careful selection of forecasting methods
ensures an increase in demand and meets the needs of transport and logistics companies [1, 2, 3, 7].

This work promotes the adoption of a forecasting method specifically designed for road
transportation, along with the development of a software application to calculate predictive values for
the coming year.

The primary objective of this study is to design a software application capable of generating
predictive estimates for the anticipated volume of cargo transportation across diverse modes of
transport.

Research in the domain of forecasting methods for freight transportation volumes and turnover
has garnered significant attention from scholars worldwide, including those hailing from countries
such as Kazakhstan, Russia, and beyond. Noteworthy contributions in this field have been made by
a multitude of authors, among whom Krakovsky Y.M., Popova N.N., Izotov O.A., Gulamov A.A.,
Gozbenko V.E., Bedrin D.S., Zdorova A.Ch., Shirov A.N.N. stand out prominently [7, 8, 9, 10].

A focal point of interest in these scholarly endeavors revolves around the methodologies and
models employed for forecasting railway freight transportation. Of particular significance are the
works of Bedrin D.S., whose research sheds light on a comprehensive system of approaches and
methodologies for planning and forecasting, encompassing the utilization of cutting-edge big data
collection and analysis technologies. Bedrin’s contributions underscore the critical role played by
robust forecasting methodologies in navigating the complexities of modern transportation systems,
especially amidst intense competition and the relentless wave of global digitalization [11].

Indeed, the effective development and optimization of transportation systems in the face of stiff
competition and evolving technological landscapes hinge crucially upon the adept application of
methodologies for planning and forecasting freight transportation dynamics. Bedrin’s work serves
as a poignant reminder of the pivotal role played by scholarly research in shaping and refining these
methodologies, thereby facilitating the seamless integration of innovative technologies and data-
driven insights into the fabric of contemporary transportation planning and management practices.
Additionally, current research methods in the practice of forecasting freight flows include input-output
methods, correlation and regression analyses, as asserted in Zdorova A.Ch.’s work [12]. Studying
the development of international transport corridor (ITC) infrastructure requires the comprehensive
use of modern research methods, including various heuristic approaches and statistical modeling, as
indicated in a referenced work [13].

A comprehensive review of existing research reveals a predominant focus on the analysis of
railway freight transportation dynamics. Scholars have predominantly adopted methodologies and
models such as the “cost-output” approach, particularly leveraging static models, alongside correlation
and regression analysis methods, as elucidated by Shirov A.N. [14].

While railway freight transportation garners significant scholarly attention, it’s imperative not to
overlook the pivotal role played by road transport, especially at the local level, where trucks serve as
the primary mode of goods delivery between points. In this regard, a notable work [15] delves into
the analysis of the KAMAZ-55102 dump truck’s characteristics through graph-analytical calculations.
Such analysis facilitates the determination of total calculated acceleration time and total calculated
distance, shedding light on the operational efficiency of road transport vehicles.

Furthermore, attention is drawn to the development of regional freight transportation markets,
exemplified by research conducted in the Kherson region [16]. This study employs a diverse array
of research methodologies, including problem-oriented analysis, logical generalization, structural-
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factual analysis, and the index method, to evaluate market concentration and explore the implications
of advanced transport technologies on regional freight dynamics.

In a departure from conventional methodologies, the work of Tomasz Grzejszczak and colleagues
[17] introduces a novel approach centered around the use of Long Short-Term Memory (LSTM) neural
networks for predicting transport orders. Termed as “freight taxi,” this innovative approach mirrors
the organizational principles of taxi services, aiming to minimize empty return routes by strategically
matching new orders with completed ones. Leveraging LSTM networks, the proposed model predicts
the carrier’s next cities of visit based on its historical routes, thus optimizing route planning and
enhancing operational efficiency.

Moreover, researchers have increasingly focused on enhancing freight utilization efficiency
through the integration of intelligent systems, as evidenced by ongoing studies in the field. This
burgeoning research area holds promise for revolutionizing freight transportation practices, driving
efficiency gains and sustainability improvements across the supply chain.A scientific article [18]
analyzed the demand for urban goods movement, revealing the scale of the urban freight transport
problem and its impact on the population’s quality of life, as well as identifying trends in the balance
between urban and intercity freight movement. Sultanbek’s work [19] presents research aimed at
accurately forecasting demand in the field of railway freight transportation, which is shaped by a
complex set of dynamic variables.

Inaseminal research paper [20], paramount attention is directed towards the augmentation of freight
utilization efficiency through the integration of intelligent systems into logistics management practices.
The core thrust of this research endeavor revolves around the development of a sophisticated system
that leverages computer vision algorithms and intelligent technologies. This system is meticulously
designed to detect and implement a myriad of functions aimed at optimizing the utilization of freight
transport within vehicles. Additionally, it encompasses advanced cargo monitoring capabilities aimed
at mitigating losses and enhancing operational efficiency throughout the transportation process.

This pioneering research represents a paradigm shift in contemporary logistics management, as it
underscores the transformative potential of intelligent systems in revolutionizing freight transportation
practices. By harnessing the power of cutting-edge technologies, such as computer vision algorithms,
this system promises to unlock new avenues for improving resource utilization, streamlining operations,
and enhancing overall supply chain performance.

Furthermore, the research paper delves into the realm of demand and tariff forecasting
methodologies within the context of freight truck transportation. Notably, the study elucidates
significant findings pertaining to the efficacy of econometric models, particularly Autoregressive
Integrated Moving Average (ARIMA) models [21]. Through meticulous analysis and empirical
validation, the research demonstrates the remarkable predictive capabilities of ARIMA models in
forecasting demand dynamics and tariff fluctuations within the freight truck transportation domain.

This empirical evidence underscores the importance of leveraging sophisticated analytical tools
and methodologies in navigating the complexities of modern freight transportation logistics. By
embracing econometric models like ARIMA, transportation stakeholders can gain invaluable insights
into future demand trends and tariff dynamics, thus enabling them to make informed decisions and
devise strategic interventions to optimize operational performance and enhance overall competitiveness
in the marketplace.

Materials and methods

The aggregated scheme of the simulation-analytical transportation management system, depicted
in figure 1, should ensure the execution of the following stages:

1) Selection of mathematical model types corresponding to the problem being solved.

2) Formation of initial data for the problem in the form of cost or time matrices for transportation,
production and consumption volumes, and throughput capacities.

3) Forecasting various parameters of transportation management.

4) Modeling unstable parameters of the chosen mathematical model.

5) Implementation of the algorithm selected for determining the optimal transportation plan
according to the chosen model.
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6) Returning to the first stage to consider alternative or modified options for transportation routes.

7) Comparative analysis of the obtained results and, if necessary, formation of additional initial
data for the problem.

8) Formulation of final recommendations regarding the selection of efficient transportation
routes.

One of the initial stages of operation of the developed simulation-analytical transportation
management system is the forecasting of various system parameters, which is discussed in the
following section.

Simulatiorn-anaktical system of
transportation management (Th)
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Figure 1 — Scheme of the simulation-analytical transportation management system

Note: Compiled by authors.

Within the multifaceted domain of logistics planning and management, a plethora of forecasting
methods and models are consistently deployed to ascertain the optimal orchestration of freight
movement within urban landscapes. Forecasting emerges as an indispensable tool, serving as a
linchpin for scientifically validating plans, wherein the forecast encapsulates crucial data essential for
facilitating the seamless flow of goods.

Achieving a comprehensive understanding of cargo transportation volumes over a designated
timeframe is pivotal for making informed decisions regarding the composition of vehicle fleets within
transportation enterprises. Among the myriad methodologies employed to meet this exigency, the
moving average method stands out as a prominent choice [22-25], offering a systematic approach to
forecast cargo transportation volumes accurately.

To illustrate the efficacy of such forecasting methodologies, we present comprehensive statistical
data and the trajectory of cargo transportation volume and turnover by road within the urban landscape
of Almaty over the preceding decade. This data, meticulously compiled by the authors, is derived from
a specified source, serving as the cornerstone for our analysis [26]. Table 1 elucidates the numerical
insights, while figure 2 visually encapsulates the trends observed, providing a holistic perspective on
the dynamics of cargo transportation within the specified locale.
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Table 1 — The quantities pertaining to the transportation of goods and the associated cargo turnover
via road-based logistics within the urban confines of Almaty

Ne Years Transportation Traffic volume Cargo turnover Cargo turnover
volumes, growth rate, % of road transport, growth rate, %
million tons million tons km

1 2012 168,3 17 899,7

2 2013 194.,4 1,16 18 867,3 1,05

3 2014 216,8 1,12 21732,8 1,15

4 2015 232,1 1,07 21494,5 0,99

5 2016 2522 1,09 23 704,6 1,10

6 2017 254.5 1,01 274828 1,16

7 2018 247,0 0,97 37 703,3 1,37

8 2019 2574 1,04 20725,4 0,55

9 2020 2523 0,98 23567,0 1,14

10 2021 270,1 1,07 24360,2 1,03

11 2022 278,3 1,03 27381,3 1,12
Mean 0,86 0,97
Note: Compiled by the authors based on reference [22].

By the culmination of the year 2022, the cumulative volume of road-based cargo transportation
had surged to 278.3 million tons, denoting a modest yet discernible uptick of 1.03% in comparison
to the recorded figures of the preceding year, 2021. In parallel, the cargo turnover attributed to road
transport operations in 2022 attained a significant milestone, registering a total of 27,381.3 million
ton-kilometers traversed, indicative of a comparable 1.12% escalation relative to the analogous period.

Upon undertaking a meticulous examination of the dataset, it becomes increasingly apparent that
a degree of fluctuation permeates the trends associated with both transportation volume and cargo
turnover. This fluctuation is palpable in the computed average growth rates for these parameters,
standing at 0.86% and 0.97%, correspondingly. Such nuances in growth trajectories underscore the
complexity inherent in forecasting and managing road-based cargo transportation dynamics.

In an endeavor to furnish a more nuanced understanding of these evolving trends, a deeper
analytical approach was undertaken. This involved the construction of a trend line predicated on
a logarithmic approximation, aimed at delineating the underlying patterns governing the observed
fluctuations.

The resultant equation, Y= 43,583In(x)+169,15 serving as a mathematical representation of the
trend line, provides a platform for discerning the underlying dynamics influencing road-based cargo
transportation volumes and turnover over the specified timeframe.

The coefficient of determination, a fundamental metric in assessing the efficacy of predictive
models, has been meticulously computed for the presented model, yielding a noteworthy value of
0.9558. This translates to an impressive 95% accuracy rate, thereby accentuating the robustness and
reliability of the trend line in encapsulating the observed variations within the dataset. Such a high
coefficient of determination serves as a testament to the fidelity of the model in accurately representing
the underlying dynamics governing the fluctuations in road-based cargo transportation volumes and
turnover. This metric underscores the efficacy of the employed methodology in providing insights
into the intricate patterns and trends prevalent within the domain of logistics and transportation
management.

The moving averages method, esteemed within the realm of statistical analysis, emerges as a
widely acknowledged approach for smoothing time series data. This methodological framework
facilitates the generation of short-term forecasts, leveraging the inherent stability ingrained within the
progression of indicators. Central to its efficacy is the principle that future values tend not to deviate
significantly from their preceding counterparts.

57



«Typan» yHUBEpPCUTETIHIH Xa0apLIbICh FRIIBIMU KypHaibl 2024 . Ne 3(103)

One of the primary advantages offered by the moving averages method lies in its capacity for
data smoothing, achieved through the reciprocal attenuation of random fluctuations inherent within
the averages. This attenuation is achieved by replacing the original data points in the time series with
their arithmetic mean over a specified time interval. The resulting value represents the midpoint of
this defined interval. The period is then incrementally shifted by one observation, and the averaging
process is repeated. It is important to emphasize that the time intervals used for computing the averages
remain consistent throughout the analysis.
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Figure 2 — The dynamics of cargo transportation volume and road cargo turnover

Note: Compiled by the authors based on reference [22].

As a consequence of this methodological framework, each computed average assumes a centered
position within the analyzed data. This centrality implies that the average is attributed to the midpoint
of the smoothing interval, thereby serving as a representative level for that specific point in time
[22-28]. This methodological rigor ensures consistency and accuracy in the analysis, enhancing the
reliability of forecasts and insights derived from the moving averages method.

The moving average is computed using the following formula:

1
Yin =M, +;(yz _yt—l)’ if n=3,
where (7+1) — the forecast period;
t — the period preceding the forecast period (year, month, etc.);
Yis1 — the predicted indicator;
m,_, —the moving average for two periods before the forecast;
n — the number of levels included in the smoothing interval;
Y, —the actual value of the phenomenon under study for the previous period;

¥,_, — the actual value of the phenomenon under study for two periods preceding the forecast
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where V, —the actual value of the indicator;
Y. — calculated indicator value;
k —number of observations.
Figure 2 presents the flowchart of the algorithm used for forecasting traffic volumes using the
moving average method. Let’s outline the operation of the algorithm. Operator 1 inputs the initial data:
k — the number of observations;
n — the number of levels included in the smoothing interval;
[/ — the number of forecast periods;
v — an array containing information about traffic volumes.
Operator 2 initiates a loop to calculate arrays of moving averages m and errors & .
Operators 3 and 4 compute element-wise moving averages mfi ] and errors & [i ]
Operator 5 begins another loop to calculate an array of forecast values for cargo transportation
volumes, moving averages m, and an array of errors € for the obtained forecast values.
Operators 6-8 sequentially compute forecast values for cargo transportation volumes V[k +i] ,
moving averages m[k+i—1], and errors &[k+i—1].
Finally, operator 9 manages the presentation of the calculated values (v, m, 8) .

Results and discussion

One of the paramount challenges in the realm of transportation development revolves around
the persistent issue of congestion within transport networks. With the likelihood of transformations
in urban transport infrastructure on the rise, the prevalence of traffic congestions, irregular routes,
and related complexities becomes increasingly pronounced. In light of these challenges, it becomes
imperative to devise effective strategies for alleviating the congestion plaguing transport networks.

Central to addressing the issue of transport network congestion is the need to accurately forecast
the volume of transportation and freight movement via road transport within urban settings, particularly
in cities like Almaty. Such forecasts serve as crucial inputs for informed decision-making and strategic
planning aimed at optimizing the flow of freight transportation amidst urban traffic dynamics. In this
context, employing statistical forecasting methods emerges as a key approach to anticipate future
transportation demands and proactively address routing challenges.

One promising solution to this multifaceted problem entails the application of the moving average
method to forecast cargo demand and preemptively resolve routing tasks within the transportation
flow. By leveraging the predictive capabilities of the moving average method, transportation planners
and stakeholders can gain valuable insights into anticipated cargo demands and strategize accordingly
to mitigate congestion and optimize resource allocation.

Recognizing the significance of forecasting as a scientific tool for justifying plans and
interventions, it becomes imperative to ensure that the forecasts generated contain comprehensive
and pertinent information requisite for planning the optimal movement of freight transportation
within urban landscapes. In light of this imperative, extensive research efforts have been undertaken,
culminating in the development of an automated program designed to derive forecast values utilizing
the C# programming language. This automated tool not only streamlines the forecasting process but
also enhances accuracy and efficiency, thereby empowering decision-makers with timely and reliable
insights to navigate the complexities of urban transportation planning and management.

In the realm of smoothing methods, the judicious utilization of the most recent data within the
series is paramount, as information tends to lose relevance over time. Moreover, prioritizing data
points closer to the forecast interval is essential, as they inherently carry more weight in predicting
future trends.
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To forecast cargo transportation volume employing the moving average method, a dedicated
program was meticulously crafted utilizing the robust capabilities of the C# programming language
within the Visual Studio 2019 integrated development environment, as depicted in figures 3-4 [29].
This program serves as a sophisticated tool for leveraging historical data on cargo transportation
volume in Almaty, spanning back to the year 2012, as its foundational dataset (Refer to table 1).

An integral aspect of evaluating the effectiveness of any forecasting methodology lies in
quantifying the discrepancy between predicted and actual values. In this context, the average relative
forecast error, symbolized as €, assumes pivotal significance. Notably, the calculated average relative
forecast error stands at a mere 1.632%, comfortably below the predefined threshold of 10%. This
minimal margin of error signifies a commendable level of forecast accuracy, attesting to the efficacy
of the moving average method in capturing and extrapolating trends within the dataset.

Furthermore, a comprehensive numerical analysis underscores the stability and reliability
inherent in forecasting methodologies facilitated by the moving average method. This analytical rigor
not only validates the robustness of the employed forecasting approach but also instills confidence in
the forecasted values derived through the program. As such, the program serves as a valuable asset in
the arsenal of tools available to transportation planners and stakeholders, empowering them to make
informed decisions and navigate the complexities of urban transportation management with precision

and efficacy.
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Figure 3 — Algorithm of the moving average method

Note: Compiled by authors.
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To further improve the accuracy and adaptability of the freight volume forecast, the following
areas of program development can be considered:

1. Integration of additional data. Including additional variables in the analysis, such as weather
conditions, economic indicators and seasonal factors, which can significantly affect the volume of
cargo transportation.

2. Development of hybrid models. Combining the moving average method with other forecasting
methods, such as machine learning-based models (e.g., regression analysis, neural networks), can
improve the accuracy and adaptability of forecasts.

3. Automation and optimization of parameters. Implementation of algorithms to automatically
tune model parameters, such as moving average window length, to optimize forecasts in real time.

4. User interface development. Creation of a convenient and intuitive user interface for easier
interaction with the program and interpretation of forecasting results.

5. Regular data updates. Ensuring that the data used is regularly updated to keep forecasts current
and accurate, which is especially important in the face of dynamic changes in the cargo transportation
industry.

The program, based on the moving average method, has proven its effectiveness and accuracy
in forecasting freight volumes in Almaty. However, to maintain and improve its performance, it is
necessary to constantly improve analysis methods and incorporate new data and technologies into the
forecasting process.

Conclusion

The chosen moving average method presents a versatile toolset capable of generating short-term
forecasts, thereby enabling transport and logistics firms to strategize their operations effectively. By
leveraging these forecasts, companies can make informed decisions regarding route planning and
resource allocation, ultimately enhancing the quality of customer service provided.

Additionally, the developed program enables forecasting on an annual scale as well as on a more
detailed monthly basis. This expanded temporal resolution empowers transportation and logistics
enterprises with a finer-grained understanding of demand fluctuations and seasonal trends, thereby
enabling more agile and responsive decision-making.

By embracing the capabilities afforded by the developed program and the moving average
method, transport and logistics companies stand to elevate their performance metrics significantly.
Through accurate and timely forecasts, coupled with agile operational strategies, firms can optimize
their routes, minimize inefficiencies, and deliver superior service to their customers. In doing so,
they not only enhance their competitive position within the industry but also contribute to the overall
efficiency and reliability of the transportation and logistics ecosystem.
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KAJIAJIBIK 7KYK TACBIMAJIbI KOJIEMIH BOJIKAY

AHjgarna

Karan Oocekenectik 1eH jxahaHIbIK HUPIAHIBIPY JKaFJalblHAa KOJIK KYPaJJapbIHbIH THIMII AaMYbl KYK
TaChIMAJIBIHBIH JAYPBIC 9/JiICHAMaChl MeH O0JKaMbIHa OaiiiaHbIcThl. FBUTBIME 91e0ueTTepre )ypri3iireH noiy 6apibiK
3epTTEYIICPIIH TEMIiPIKOJ KOJIiriHe OaFbITTaaFaHbIH KopceTTi. JKyMbIC OaphIChIHIa ATMATHI K. aBTOMOOWITB KOJITIMEH
JKYK TachIMaJIaydbl 3epTTey KYPri3iimi, MYHAa XKEPTiTiKTI TackMaigay ICHICHiHIe KYK KOIIKTepl KyKrepi Oip
HYKTEIICH CKiHII HYKTeTe >KeTKi3yHiH KaJFbI3 KONl OOoibIN Kanma Oepeni. Ockl Makaana YCHIHBUTFAH 3€PTTEYIIH
HETi3T1 MaKcaThl — JKYK TachIMallbl KOJIEMiHIH JKOHE aBTOMOOWIb KOJITiMEH YK aifHaJIBIMBIHBIH CTaTHCTHKAIBIK
KOPCETKILITEPiH Tajjay JXOHE JKYK TachIMaJbIHBIH KYTUICTIH KeJIeMiH Ooibkayra apHallFaH OarapiaMalibik
KOCBIMIIIaHBI d3ipJaey. JKocmapiay jkoHe JTIOTUCTHKA MCHEKMEHTI CallaChIH/Ia aJl/IaFbl XKbUIFa aBTOMOOMIIH KOJIITl MCH
JKYK alfHaJIBIMBIHBIH KOJIEMIH OOJDKAy YIIiH KBUDKBIMAJBI OpTaliaiap 9Jici KOIIaHbUbL. JKbUDKBIMAIBI OpTaliaiap
OMiCiHIH MPUHIHUII €CENTENTeH OpTalla MOHIEP MICHOCPIHIEeTI Ke3AeWCOK ayhITKyJIapAbl e3apa KOMIICHCAIHsIIAY
Oompim TabbuTampl. By KyOBUTBIC yaKBIT KaTapbIHBIH OacTamKel ACHTeWsepiH Oenrimi Oip yakpIT apaibIFbIHIA
eCemnTeNreH opTama apu(METHKAIBIK MOHICPMEH aybICTHIPY HOTIKECiHAe maima Oomaapl. TacsiMangay KejeMiH
JKOCTIApIIay/Ibl KEHIJIICTY KOHE JKYKTEP/l TaChIMAayIblH OHTANIBUIBIFBIH HETI3CY YIINIH ©3¢KTi CTAaTUCTHKAJIBIK
nepexrep 0oiybl KaxeT. CTaTUCTUKAIBIK JIepeKTep AJIMAThl K. JKOJI KO3FaJbIChl MEH JKYK aliHalbIMbl KOJIEMIHIH
JMHAMMKaJIbIK KOPIHICIH KYpyFa Heri3 6oibl. JJnHaMuKaHb! Oaranay yIliH KOpPCETKIITEP/IiH 6CY KapKbIHBI €CETITEIII.
JKyx TaceiManmay KeyieMiHiH OODKaMIIBIK YKaFbl )KBUDKBIMAIBI OpTaIIaiap 9iCiHe HETi3[e/TeH alTOpUTMIII JKacay
APKBUTBI T

Tipek ce3nep: aBTOMOOMIIb KOJIiri, OODKAY OMICTEpI, )KBUDKBIMAIBI OpTallaliap 9JIiCI, )KYK TachIMajay, JKYK
alffHAITBIMBI, OaFIapIaMablK KAMTAMAChI3 €Ty, alTOPHTM.
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MHNPOTHO3UPOBAHUE OFBEMA I'OPOJACKUX I'PY30OBbBIX ITEPEBO3OK

AHHOTALUA

D¢ dexTnBHOE pa3BUTHE TPAHCIOPTHBIX CPEICTB B YCIOBHUSIX KECTKOH KOHKYPEHIMH U TII00AIBHON HU(PPOBHU-
3aI[M 3aBHCUT OT IPaBHJIBHONM METONIOJOTUH M NMPOTHO3UPOBAHMS IPY30BBIX 1epeBo30K. [IpoBeneHHbIH 0030p Ha-
YYHOH JIMTEpaTyphl MOKa3al, YTO BCE MCCIISIOBAHMS HalPaBJICHBI Ha )KEJIC3HOAOPOXKHBIN B TpaHcropTa. B padore
MPOBEJICHO MCCIICHOBAHUE TPY30IIEPEBO30K aBTOMOOHIIBHBIM TPAHCIIOPTOM B T. AJIMATHI, TJI¢ HA YPOBHE MECTHBIX
NEPEBO30K I'PY30BUKH OCTAIOTCS SJHHCTBEHHBIM CIIOCOOOM TOCTABKH I'PY30B M3 OXHOH TOYKH B ApYyryro. OCHOB-
HOI IeJbI0 MCCIIEA0BAHMS, NPEACTABICHHOIO B JaHHOW CTarbe, SBIACTCS aHAIN3 CTaTHCTUYECKHX IOKa3aTeNe
00BEMOB MEPEBO30K M IPy30000p0OTa aBTOMOOMIBHBIM TPAHCIIOPTOM M pa3paboTKa MPOrpaMMHOIO IPHIIOKEHHS,
IIpe/IHa3HaYe€HHOTO JUIsS POTHO3UPOBAHMS 0XKHAAEMOro o0beMa Ipy30IepeBo3ok. B cdepe ruiaHupoBaHus U yrpas-
JICHUS! JIOTUCTUKOM /IS TIPOTHO3MPOBAHUSI 00bEMOB aBTOMOOMIIBHBIX MEPEBO30K M TPy30000p0Ta HA MPEACTOSIINN
TOJI UCTIONB3YETCsl METO/I CKOJB3AIIEro cpeaHero. [IpHHIMI MeTO/1a CKOJIB3SILIETO CPEJHEr0 3aKIIF0YaeTCsl BO B3aHM-
HOIl KOMIEHCAIIMN CITyYallHBIX OTKJIOHEHHH B paMKaX PAaCCUYUTAaHHBIX CPEIHHX. DTO SBICHHEC BO3HHKAET B PE3yilb-
TaTe 3aMEHbI HCXOJHBIX YPOBHEH BPEMEHHOTO PsAla CPEAHUMH apU(PMETHUSCKUMH 3HAYCHUSIMHU, PACCINTAHHBIMH 32
OIPEaACIICHHBIC BPEMCHHBIC HHTEPBAJIbI. ﬂf[ﬂ o0JieryeHust IJIaHUPOBaHUA 00BbEMOB IMEPEBO30K U O6OCHOBaHI/I5[ OIITH-
MaJIbHOCTH I'PYy30I1epEeBO30K HEOOXOANMO pacIonaraTh akTyalbHbIMH CTATUCTUYECKUMHU JaHHBIMH. CTaTHCTHYeCKUE
JITAaHHBIE CITY’)KaT OCHOBOH JUIsl IOCTPOEHHSI JTMHAMHYECKOTO MPEACTABICHNSI 00bEMOB aBTOMOOMIIBHOTO JABHKEHUS 1
rpy30000poTa B I. AnMarsl. J{J1s OLIEHKH JUHAMUKH PAaCCYUTBIBAIOTCS TEMIIBI pocTa nokasareneil. [Ipornocrudeckast
CTOpOHa 00BeMa TPy30IePEBO30K PELIaeTCsl MyTeM Pa3pabOTKH ajJropuTMa, OCHOBAHHOTO Ha METOIE CKOJIB3SIIErO
CpeIHero.
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