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CEKI U/ SECTION 1
KenikTi naiiganany xdHe YK KO3FAJIbIChI MEH TaChIMAJIIayAbl YHBIMAACTBIPY/
Opranusanus nepeBo30K, IBUKEHHUS M IKCILIyaTauus Tpancnopra/Organization of
transport, traffic and transport operation

UDK 707. 578

DEVELOPMENT OF A MODEL FOR THE INTERACTION OF LOGISTICS PROCESSES
IN THE DEVELOPMENT OF AN AGGLOMERATION

Suleimenov T.B.%, Sadykova G.M.?, Sultanov T.T.}, Tlepiyeva G.M.!
!L.N.Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
2University of international business, Almaty, Kazakhstan
(E- mail: STB2007 @yandex.ru, gulnara.muratpek@mail.ru,
rumit78@mail.ru, tlepievagm@yandex.ru)

Abstract: The purpose of the study is to develop theoretical positions and methodological tools
for the formation of a model of interaction of logistic processes in the development of an
agglomeration. The object of the research is material flows in the economic, social and institutional
spheres of the agglomeration. The theoretical and methodological significance of the study lies in
determining the model of the interaction of logistics processes in the development of an agglomeration.
The practical significance of the study lies in the fact that the methodological approaches proposed in
the work and the developed model contribute to the adoption of informed decisions in the formation of
the logistics processes of agglomeration. The used proposals of methods and models will reduce
logistics costs due to more optimal movement of internal and external material and other flows in the
agglomeration.

The work was carried out as part of the research project on the topic BR05236340 "Creation of
high-performance intelligent technologies for analysis and decision-making for the" logistics-
agglomeration "system within the framework of the formation of the digital economy of the Republic
of Kazakhstan™.

Key words: agglomeration, model, logistics, costs, ecology, transport.

Introduction. At this time, the Republic of Kazakhstan has approved the Interregional Action
Plan for the Development of 3/25 the Almaty Agglomeration in order to solve the problems of socio-
economic development. The current development scheme of the Almaty agglomeration, the core of
which is the city of Almaty, includes the city of Esik and 14 rural districts of the Enbekshikazakh
district, 6 rural districts of the Zhambyl district, the village of Otegen-Batyr and 8 rural districts of the
Ii district, the city of Kaskelen and 10 rural districts of the Karasai district, the city Talgar and 10 rural
districts of Talgar district, the city of Kapshagai and 2 rural districts, administratively subordinate to
the Kapshagai city administration, as well as the planned city of Gate City. These territories are
included in the 1,5-hour isochron of transport accessibility (no more than 110 kilometers along the
main lines of communication or no more than 75 kilometers in other areas) from the city of Almaty.
This isochron is consistent with international practice of intensive daily labor migration to the core city
from adjacent settlements.

The population of the Almaty agglomeration as of September 1, 2019 is 3,103,6 thousand
people, of which 1,884,6 thousand people live in the city of Almaty [1].

he process of formation and development of agglomeration leads to the intensification of the
development of industrial, service, transport, social and cultural ties between the cities and leads to the
formation of a multicomponent dynamic system material, transportation, information, financial flows.
Molal interaction of logistic processes (procurement, distribution, loading, unloading delivery) directly
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depends on the development of the production process in the Republic of Kazakhstan and gross
regional product the GRP further, if we are talking about the development of logistics in the
Metropolitan area. The share of gross regional product in the Almaty agglomeration in 2019 amounted
to 6,558 billions of dollars.

/ Territorial development of the
aaalomeration

PURPQOSE - the formation
of an agglomeration as a
region with a high level of Development of human’s
human capital, embedded potential
in the global value chain
| Integrated development of
engineering infrastructure

Strategic hirections

Development of the transport
and logistics complex

economy

Environmental sustainability and
safety

Agglomeration development
management

Figure 1-Goals and strategic directions of the Interregional action plan for the development of the
Almaty agglomeration

Theoretical basis of the research method. In Almaty region, the development of agriculture,
forestry and fishing. Almaty region ranks 5th in terms of manufacturing industry 20%, 7th in terms of
transport and warehousing 12%, 4th in terms of construction 9% the region also shows results in the
field of trade growth by 45% the Main production is concentrated in the Ili Karasai Talgar districts.

The formation of an agglomeration has a number of problems that affect the dynamism of the
process of forming logistics processes. One of them is that the lack of methodological approach to the
formation of agglomeration leads to such problems of urbanization as excessive load on the logistics
infrastructure, which negatively affects the environmental situation and economic indicators.
Comparative analysis by questionnaire respondents of Almaty agglomeration shows that there is a
problem of an inefficiency of functioning of logistic processes, which leads to an increase in the cost
of transportation of goods and passengers, increased losses of working time to environmental
degradation and eventually to the emergence of complex social and economic problems in the Almaty
region [2].

The author forms the dependence of growth of gross regional product as the main indicator of
development of Almaty agglomeration due to the contribution of logistics agglomeration as a basic
service component of the regional economy.
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Figure 2—Structure of morbidity in the population of the Almaty agglomeration (according to
the Ministry of Health of the Republic of Kazakhstan) %

Compiled by the authors based on the source of the statistical collection Health of the
population of the Republic of Kazakhstan and the activities of the health organization in 2019 [3].
According to the statistical data of figure 2, respiratory diseases of the population in the Almaty
agglomeration account for 41,8 %, which indicates the level of air pollution and environmental
problems.
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Figure 3 — Average annual distribution of oxide concentration carbon in the Almaty
agglomeration, mg/m?®

Today, three indicators of air quality are used in the Almaty agglomeration:

1) APl is the total index of atmospheric pollution.

2) Sl - standard index (maximum one-time concentration of an impurity divided by MPC).

3) NP in% (the highest frequency of exceeding the MPC) [4].

Figure 4 shows the annual distribution of the average concentrations of carbon monoxide. As
you can see, the excess of the MPC values occurs only during the heating season, their values reach 4,8
mg/m? in January, 4,0 mg/m® in December, with the maximum permissible no more than -3.0 mg/m?.
The increase in concentration in winter is associated with the work of heat and utility companies, as
well as a weak wind regime in winter. In summer, more intensive mixing of air layers in the
atmosphere occurs [5].
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Therefore, its minimum falls in May, when the concentration reaches-9 mg/m? in 2019.

0,14
0,12
0,1
0,08
0,06
0,04
0,02
0

, N 2 . < < L L

(\‘\’bc\ \d\‘)@\\ \'&\é& & ‘\\{S\ S \\\}\\ §5§7 Ny : g}écz 5\0@ @{;0?‘

hid «® S o S &
1) < Q
= itrogen dioxide e MIPC - Maximum permissible concentration

Figure 4 — Average annual distribution of nitrogen dioxide concentration, mg/m?

Nitrogen oxides (NO2) are formed during combustion at high temperatures by oxidizing some
of the nitrogen in the atmosphere. Nitrogen dioxide is the main source of tropospheric ozone and
nitrate aerosols, which constitute a significant part of the mass of atmospheric air, Figure 4.

The main sources of NO2 emissions: combustion engines, industrial boilers, furnaces. Even at
low concentrations nitrogen dioxide, breathing disorder, cough is observed.
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Figure 5-Average annual distribution of formaldehyde concentration, mg/m?

The distribution of formaldehyde, as shown in Figure 5, is quite different from the distribution
of the above pollutants.

The excess of the MPC is visible throughout the year, reaching its maximum values in the
summer, where the values reach 4,7 MPC, for example, in June, July up to 0,014 mg/m3. The
minimum values fall on the month of December, where the value is less and is 0,011 mg/m?.

In general, in the Almaty agglomeration, the average annual concentration of nitrogen dioxide
was 2,1 MPC, and formaldehyde - 1,3 MPC, the content of suspended solids - 1,2 MPC, sulfur dioxide
- 1,12 MPC, the content of other pollutants did not exceed the maximum permissible concentrations.
The maximum individual concentrations of nitrogen dioxide was 5,0 MPC, suspended particles PM-
2,5-3,9 MPC, suspended particles PM-10 - 3,2 MPC, carbon monoxide - 3,1 MPC, nitric oxide - 2,5.
MPC, sulfur dioxide - 2,3 MPC, suspended solids - 1,8 MPC. MPC for phenols and formaldehyde is
not exceeded, the data indicate the deterioration of the environmental situation in the Almaty
agglomeration [6,7].
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Figure 6-Transported (transported) cargo and luggage, cargo luggage by road in the Almaty
agglomeration million tons

According to Figure 6, it is necessary to note an increase in the volume of transportation of
cargo and cargo luggage in the Almaty agglomeration, if in 2010 the volume of traffic amounted to
120 million tons, then in 2019 it was 250 million tons, there was a 2-fold increase + 130 million tons in
10 years, which testifies to the development of road transport in the Almaty agglomeration.
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Figure 7—Passengers transported by road in the Almaty agglomeration thousand people

Note - Compiled by the author based on the source of the department of statistics of the city of
Almaty statistical collection, Almaty 2014-2019.

According to Figure 8, it is necessary to note an increase in the number of passengers in the
Almaty agglomeration, if in 2010 the number of passengers was 1,500 thousand people, then in 2019
3,700 thousand people, there was an increase of 2,5 times + 1,800 thousand people over 10 years,
which indicates the development passenger traffic in the Almaty agglomeration [8, 9].

The growth in the number of cargo transportation and passengers by road transport of the
Almaty agglomeration reveals one of the most important problems of the need to increase the
throughput and carrying capacity of the road transport network.

It can be concluded that as a consequence of the territorial structure, insufficient development
of transport communications between the regions of the Almaty agglomeration, increased loads on the
road transport network have become, which leads to violation of the logistics rules "just in the lines",
"optimal route"”, "high delivery speed”. This factor increases the burden on logistics processes and
prevents its integration [10, 11].

17



Table 1-Analysis of the types of population mobility and their share of the Almaty

agglomeration

The structure of | Sequence of movement goals in closed | Specific weight of | Specific weight of
the cycles loops cycles,% movements,%
Linear Home <—Work 36,6 33
Home<«> Cultural and household 31,1 28
facilities
Home« Study 17,6 16,2
Triangular Home < Pa6orta<— Cultural and 6,4 8,6
household facilities
Home« Cultural and household 2,6 3,8
facilities <» Home
Home <> Study« Cultural and 1,6 2,3
household facilities
Quadrangular Home<«<>Work < Cultural and 2,6 4,8
household facilities «» Home
Other 1,3 3,3

The analysis of the types of mobility of the population and their share of the Almaty
agglomeration according to the data in Table 1 indicates the linear movement of 33% of the population
“House«>Rabota”, 28% “House «» Cultural and household facilities” and 16,2% “House <> Study”

[12, 13].

Total mobility of the population 100 %

A 4

A 4

Intra-district pedestrian
movement 25%

Citywide transport trips
75%

A 4

A 4

Work trips, including
study trips 30%

Cultural and domestic

trips including recreation

70%

A 4

A 4

Trips from home 65%

Trips away from home
35%

Figure 8-Analysis of the distribution of total mobility by purpose of travel in the Almaty

agglomeration

Results. The analysis of the distribution of total mobility by purpose of travel in the Almaty
agglomeration and the numerical values of Figure 8 indicate that 75% are citywide travel, and 65% are

travel from home.
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Table 2—-Analysis of the main purposes of travel and mobility per inhabitant of the Almaty
agglomeration per day.

Purpose of travel Mobility per resident per day Transport utilization rate
Labour 1,06 0,76
Educational 0,28 0,50
Household 0,83 0,48
Cultural 0,21 0,52
Resting places 0,45 0,53
Total for all purposes 2,83 0,60

Analysis of the main purposes of travel and mobility per inhabitant of the Almaty
agglomeration per day in Table 2 show the labor purposes of travel with a transport utilization rate of
0,76.
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Figure 9 — Number of jobs and population in Almaty for 2019

Note - compiled by the author based on statistical data. According to Figure 9, the total number
of employees in Almaty was 464,664 people. This number of residents move in the direction of
"Home-Work".
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Figure 10-Change in traffic intensity during the day in the Almaty agglomeration

According to the data of the time study of the movement of motor transport, it is necessary to
conclude that the main flow is concentrated from 6 am to 10 am, which indicates the movement of the
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population in the direction "Home - Work™ and "Home - Study" in relation to schoolchildren and
students [14,15].
The next peak occurs in the time frame from 5 pm to 9 pm, which indicates the direction

"Work-at-home","Study-at home™.
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Figure 11 — Change in traffic intensity throughout the year in the Almaty agglomeration

According to the data of the chronometric study of the movement of road transport in Figure 11
during the year, it is necessary to conclude that the main flow is concentrated in the months of March,
April, May, June, September, October, November, December. The decline in traffic intensity in
January, July, August indicates a vacation period for the working population and a vacation period for
students [16, 17].

\ Agglomeration \
ulation of the agglomeration
People of working age

Po
People under the
working age

People over the
working age

Agglomeration logistics
Transport logistics

Production logistics Warehousing
logistics

Ecological logistics

Lean
logistics

Purchasing
logistics

Information logistics

Inventory logistics Sales logistics Customs logistics
Logistic processes in the agglomeration
Transportation of Customer service Organization of

cargo and passengers production
Storage and Sales of finished Transfer of
warehousing products information
Information service Purchase of raw Registration of customs
materials documentation

objectives of agglomeration logistics |
Goal 2-rational Task 3-optimization of costs for
organization in space production and sale of finished
and time
Task 2-maximizing the
utilization of production
facilities

| Goals and
Goal 1-meeting the needs of
residents of the agglomeration

Task 1-integration of
agglomeration into a single
creative whole

Task 4-reducing toxic and
greenhouse gas emissions to the
environment

Figure 12—-Model of interaction of logistics processes in the development of agglomeration
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On the basis of the above data, a "Model of the interaction of logistics processes in the
development of an agglomeration” was compiled, taking into account the types of logistics
development, such as production, warehouse, information, environmental, lean, customs in accordance
with the development of the domestic regional product in the Almaty agglomeration. Highlighted
logistics processes such as transportation, storage, information services, customer service, production
organization, customs clearance. The main goals of the logistics agglomeration are determined. When
investigating the issue, the authors have developed a new definition as "logistics of agglomeration™ - a
complex of logistic solutions, actions, processes aimed at optimizing organizational solutions for the
movement of material flow, vehicles within the agglomeration subsystems [18, 19].

The authors have developed a "Model for making a decision on the development of logistics in a
specific agglomeration™ based on the analysis of the development of the Almaty agglomeration. To
make a decision on the quality of logistics services and processes, the main characterizing parameters
in the conditions of the Almaty agglomeration, taking into account the intensity of the development of
road transport and the growth of the throughput of highways and the inconsistency of the transport
infrastructure, are what criteria as "the right place", "the right time" and "emission reduction”. This
indicates the deterioration of the ecological situation in the Almaty agglomeration. In conditions of the
maximum intensity of the organization of the movement of automobile and urban transport, it is
difficult to withstand the conditions for making the decision "the right place", "the right time" and
"emission reduction”. In this regard, the main evaluation criteria are set to parameters such as "speed
of traffic”, "quality of services in transport”, "digitalization”, "quality of roads", "delivery time",
"optimal price of the service", "level of pollution”, "traffic safety" [20, 21].

| Agglomeration |
| Population of the agglomeration |
People under the working age People of People over the working age
working age
Making a decision on the development of logistics in a
particular agglomeration
Right place Right time Emissions
reduction
Parameters for making a decision on the development of
logistics in a particular agglomeration

Starting point The route Speed of moving Time

of the stream objects

Final point of Path length The intensity of Intermediate
the stream the flow flow points

Evaluation criteria

The speed of | Quality of Digitalization Quality of

traffic transport services roads

Delivery time | Optimal price for Pollution level Traffic safety

services

Figure 13-Model for making a decision on the development of logistics in a particular
agglomeration

The implementation of the tasks proposed in the framework of the Model for making a decision
on the development of logistics in a particular agglomeration will allow to form an integrated logistics
of the agglomeration, creating the basis for the further development of the Almaty agglomeration [22,
23].
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Conclusion. The section adopted a new definition, developed by the authors, "logistics of
agglomeration” - a complex of logistics solutions, actions, processes aimed at optimizing
organizational solutions for the movement of material flow, vehicles within the agglomeration
subsystems.

A model of interaction of logistics processes in the development of an agglomeration has been
developed.

A model has been developed for making a decision on the development of logistics in a specific
Almaty agglomeration.

Practical recommendations have been developed for the model of interaction of logistics
processes in the development of the Almaty agglomeration.

The proposed methods can be used to develop a model for the interaction of logistics processes
in the development of an agglomeration in the Republic of Kazakhstan.
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MAGLEV'S TECHNOLOGY PRINCIPLES
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Consider a train that has no wheels. Instead of rolling along the track, it hovers above it, softly
gliding from point A to point B without ever hitting a rail. Although this may sound like science
fiction, examples of this technology can already be found in a number of locations throughout the
world. Maglev trains are what they're called (derived from the term magnetic levitation). These future
locomotives open up a world of new and thrilling travel options. They have the potential to be more
energy efficient, faster, and safer than traditional transportation methods. Despite the fact that such
trains are few and few between at the moment, they are a beehive of study in the field of electrical
engineering. As a result, maglev might become more prevalent than you think.

Recently, the aerodynamic characteristics of the rolling stock have been significantly improved.
The resistance to movement of modern electric trains of the Shinkansen network (Japan) at a speed of
300 km/h is approximately the same as that of trains of the previous series of the same length (400 m)
at a speed of 220 km/h. This, among other things, allows you to reduce the power consumption for
traction.

Further improvement of the rolling stock is necessary to expand the range of lines for regular
trains running at a speed of 300 km / h or more. The priority is the introduction of the following
technical innovations:

- wheel-to-rail traction control systems that ensure effective acceleration of the train and its
steady movement at a speed of more than 300 km / h, even in conditions of poor traction (for example,
when the rails are covered with a crust of ice);

- design solutions that further reduce the resistance to movement (especially in the space
between the bottom of the car bodies and the track);

- design solutions for rolling stock and track that reduce the impact interaction between the
wheel and the rail;

- more efficient mechanical brake designs and other auxiliary brake systems;

- design solutions for the rail track, allowing the effective use of the eddy current brake.

It is also very important that passengers make effective use of their time on the train during the
journey. For example, passengers in Europe and the United States often use personal computers on the
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