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PROTOTYPE OF FUTURE FLYING TRANSPORT PLATFORM

Abstract. This paper is devoted to the analysis of the existing eVTOL flying vehicles and
consideration of the capabiés of the flight controller based on the STM32F722
microcontroller, as well as the evaluation of the characteristics of various sensors and devices
and the study of their capabilities using the BetaFlight firmware. The main result of this work is
the devebpment of a prototype (prototype) of the flying transportation platform of the future, for
which both hardware and software parts of the flying vehicle system have been developed and
tested.

Within the framework of the research there was created an redréaween the flight
controller based on STM32F722 and BetaFlight, worked out all technologies and systems for
creating eVTOLbased flight vehicles. Also, comprehensive testing of the prototype system was
performed and data transfer technologies were ebokit. Functional and circuit diagrams of
the prototype were also developed, as well as the simulation of mechamysalal properties of
the aircraft's frame reactions.

An important result of this work is experimental research, the results of wioehtkat
the force structure is able to withstand the design loads. The results make it possible to improve
the design of eVTOL aircraft and create more efficient data transfer systems. The results of the
experimental studies show that the force structumpable of withstanding the design loads.

Keywords. Hexacopter, aerial vehicle, drone, UAV.

Introduction.

With the advent of the realities of urbanization, the issue of optimizing logistics processes
and transportation within metropolitan cities isngsvery sharply in today's world cities. One of
the most promising methods of solution fying cars, air taxis and eVTOL.

The world of drones is diverse enough to allow you to choose a device depending on the
flight characteristics and payload capwcitf the drone, the purpose of its use, camera
capabilities and the installation of various additional equipment.

Drones are distinguished not only by the way they are used in certain areas of our life or
by the difference in design, but also by more stglatameters and characteristics, such as take
off weight, range, height and duration of flight, the size of the vehicles themselves, etc.

Drones resemble a helicopter with four blades. They differ in size, functionality, flight
range, autonomy and othdramacteristics.

Conventionally all drones can be divided into 4 group2]{1

1) micro- weight less than 10 kg, maximum time in the-&80 minutes, flight height 1
km.

2) Mini - weight of the units reaches 50 kg, time in the air reaches 5 hours dtiglde
varies from 3 to 5 km.
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3) midi - weight up to 1 ton, designed for 15 hours of flight, the UAV rises to a height of
10 km.

4) heavy drones weight over a ton, developed vehicles for lathigtance flights lasting
more than a day, altitude up t6 Bm.

When choosing a drone (quadcopter, hexacopter, tricopter or octocopter), the individual
parameters and objectives of the drone should be guided.

At present, hexacopters are in high demand as two extra engines provide them with
relatively high speedgxellent power and increased payload. The increased number of motors
has a positive effect on flight safety, a failure of one of the motors does not lead to an accident
and the flight functionality of these machines is focused on obtainingguiglity video footage.

A hexacopter is an aircraft whose power plant consists of six engines. The standaro
variant assumes the machine has six beams, but models with three beams (Y6 layout scheme) :
also available. The Y6 configuration has two engines per baaofevhich is a pulling engine,
and the other is a pusher. An example of such an aircraft is the Walkera QR Scorpion Y6 [1, 2].

Cargo hexcopters are capable of lifting considerable weight and carrying it considerable
distances. Radioontrolled professical hexacopters are often used in industry (monitoring
bridges, pipelines, power lines, etc.) as well as in professional video recording. The Y6 scheme
finds application in the construction of relatively small aircratft.

The disadvantages of such systemdla# significant size and rather high cost.

Materials and methods.

During the design of the system, the following components were selected as shown in
Figure 2. Below is a list of the selected components of the system:

- flight controller based on stmB822 microcontroller [3, 4];

- dji €2000 motors;

- 3-6s Blheli Dshot600 speed controllers;

- power distribution board;

- Jumper R1 receiver;

- Control hardware with FrSky D16 protocol support.

The electrical diagram of the aircraft is shown in Figure 1.

N-F722-HD FC

NAME:N-F722-HD FC
MCU: 216MHz STM32F722 Camera
Gyro: MPUS00O

BEC 5V Max current 3A

BEC 9V Max current 2.5A

BEC 3V/300mAh

OSD:YES

Buzzer : YES

Barometer:YES

Black box:16 M

STRIP LEDS: Reserve 5 LEDS programming
interfaces;

IC :YES

Reserved interface: In addition to the
on-board application interfaces, 3 sets

of external interfaces are reserved (all
interfaces support SBUS receiver input)
)1 VTX : YES

Size: 38x38mm

Mounting holes: 30.5°30.5 mm

Weight: 799

TYPE-C-USB

] [H]
,. o .».
—ame— | =g
Receiver ° :j
DJI FPV Air Unit
oonE S = Mo

LED/RGB

Figure 11 Electrical diagram of the aircraft
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The technical specifications of the selected components are shown in Table 1.

Table 1i Technical characteristics of the components

Components

Technical specification

NVision722HD

Name: NF722HD Flight Catroller
Brand: TCMMRC NVision
MCU:216MHz STM32F722

Gyro: MPU6000

BEC:5V/3A; 9V/2.5A

Input Voltage: 36 S Lipo

Receiver Support: PPM, Ibus, Sbus, Dsmx
Black box: Yes 16m

Barometer: Yes BMP280

Firmware: GEPERCF722(STM32F7X2)
Buzzer Interface: Yes

BetaflightOSD: Yes AT7456E

Fitting Hole: M4*30.5mm*30.5mm
Weight: 7.99

DJI E2000

Max Thrust 5100 g/rotor (50 V, Sea Level)

Recommended Battery 12S LiPo

Recommended Takeoff Weight 1800- 2500 g/rotor (Sea Level)
Powertrain Cable Lengtif50 mm
Compatible Arm Tube Cier Diameter
Powertrain Weight (Single) 430 g
Operating Temperature-1 0 A t o 50A C

28 mm

Cyclone 45A
BLHeli_S D-Shot
150/300/600 ESC

Voltage: Supports-BS power supply (8:25.2v)

Operating Current: 45A continuous current, 55A/10s peak
Support protocolsdsiot 125/300/600, onehot 125

Weight: 69g

Size: 13*28.5

Jumper R1

Number of channels: 16 channels (SBUS)

RSSI (Signal Strength Indication) output: 8.3V analogue
Data transfer: S.Port

Operating voltage range: 4 ~ 6V

Power Consumption: 80mA at 5V

Range> 1.5km

Compatibility: FrSky D16 Protocol / Taranis D16 Mode
Size: 20 x 15 x 4mm

Weight: 2.3g

The principle of the aircraft system is shown in Figure 2 [5] .
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Figure 2i Principle of aircraft system operation
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Designing a prototype frame.

As the basigor the design of each complex industrial product is performed 3D modeling,
the choice of SolidWorks was made due to the availability of the following functieBis [6

1. solid modelling with the development of products that have the properties of Very rea
physical objects. It is practically ideal, allowing a visual representation of the product.

2. Surface modelling, which is realised in this software by performing actions with curves
or splines. The result is a smooth product with normal, smooth curves.

3. Frame modeling, which allows you to represent the shape of the object.

Using this program drawings of frame beam and main frame web are developed (Figures
3-4).
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Figure 3i Framearmdrawing Figure 4i Drawing of the main framplate

Results and discussion.
Physical and mechanical simulations were carried out, a fragment of which is shown in
Figure 5.

i .

a) hexarmStatic 2StressStressl b) hexarmStatic 2DisplacemenDisplacementl

~

[
c) hexarmStatic 2StrainStrainl d) overall picture of change

Figure 5- Physical and mechanical modelling results
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An analysis of the movement of the points on the part from the initial state shows the
elements on the part that have the highest point movement (coloured red) andethg@dint
movement (coloured blue). The colouring is done according to the criterion for the distribution
of the safety factor on the material of the part. In our example this coefficient is 1. Therefore
parts of the part are coloured blue where the coefit is greater than 1 and red where it is less
than 1, i.e. the red colour indicates that the material in that area does not pass the strength test,
I.e. it cannot withstand the load.

The maximum deformed state of the part after the application of Isati®wn by the
result of Figure 5, b. Figure 5, d shows a general picture of the changes, from which it can be
seen that the developed frame beams are able to withstand the applied physical and mechanical
loads.

The assembly process for the beam, thennfeame web and the connection of the
electronics are shown in Figure 6.

Figure 6i Process of assembling the frame and connecting the electronics
The developed prototype of the flying transport platform of the future is shown in Figure

Figure7i Developed prototype of the flying transport platform of the future
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Conclusion.

In general, the future of flying transport is connected with the use of drones, and we can
expect that further innovations in this field will lead to new possibilitiessahdions that will
make their use more efficient and safer.

The developed prototype of the flying transport platform of the future allows us to work
out modern technologies of creation, programming and further adjustment according to the se
parameters.

Thus it should be noted that developed a cheap and environmentally friendly way to
solve the transport and logistics problems of megacities.

In the future, it is planned to refine and bring the prototype to the stage of a flying and
working prototype, addg positioning systems to it. Thanks to these refinements, the flying
vehicle will be able to work autonomously, using only its sensors.

The eVTOL flying vehicle is a very uséiendly and economically and environmentally
beneficial type of transport, wth simplifies and speeds up travel within the city limits.

In conclusion, we can say that drones have great potential as a future means of flying
transport. Due to their flexibility and mobility, they can be used for various purposes, including
delivery d cargo and passengers, as well as for monitoring and maintenance of various object:
and territories. However, the safety and regulation of drones is still unresolved, and more
research and development is needed to make sure that their use will not énanwirtnment
and society. Nevertheless, with an ewareasing technological base and innovative ideas, we
can confidently say that drones will play an increasing role in the future of flying transport.

In addition, the benefits of using drones as vesioiclude significant savings in time
and resources. Drones can be used to deliver products and goodsttereah or remote areas
where traditional vehicles cannot reach. This can be particularly useful for regions with poor
infrastructure and for pviding emergency medical care.

However, there is a need to develop more accurate and reliable navigation and contro
systems for drones to ensure safety in their use. It is also important to consider the environment:
impact of drones, including noise aedissions, which can cause human and animal health
problems.
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K. [ .andldinova ,¢. s. Mol dabekov, M. V. Batanova,
Academy of Civil Aviation Ingaty, Kazakhstan
[ -mail: k.zhandildinova@agakaz.kz

MAINTENANCE AND REPAIR OF AIRCRAFT ENGINE TURBINES

Abstract. Theturbine isthe main part of the aircraft engine responsible for converting
fuel into energy to drive the propeller blades. The article is devoted to the maintenance and
repair of an aircraft turbine, including the basic procedures and techniques uddct and
correct defects and damage in the turbine. It also describes the process for diagnosing and
analyzing turbine failures, and how to prevent such failures from occurring in the future. Turbine
maintenance is critical to flight safety, and thiecke can be seful to both aviation professionals
and the general public interested in aviation and technical issues. Reliability and resource, as
practice shows, depend more on the number of load cycles and thermal cycles associated with
starts, stops ahcdianges intie engine operating mode than on the total number of hours of
operation. The turbine is the most important unit of the engine, which determines its service life
and reliability of operation. Cooled rotor blades make it possible to increasaottking
temperature of the gas in front of the turbine or to use less scarce materials for the manufacture
of blades. Currently, two types of cooled rotor blades are mainly used: frame and composite
blades.

Keywords. Blade, rotor, stator, axial turbinedial turbire, radialaxial turbine.

Introduction.

Aircraft turbine maintenance and repair are important components of flight safety. The
turbine, which is a key part of an aircraft engine, is responsible for generating the thrust required
to lift and propel the aicraft. Regular maintenance and repairs are required to keep the turbine
running smoothly.

Turbine maintenance includes a number of procedures that must be carried out in
accordance with international aviation safety regulations and stand@bet® procagres help to
detect and eliminate possible malfunctions in the turbine before they occur during flight. Turbine
repair, in turn, involves the implementation of a number of measures aimed at restoring its
performance and guaranteeing flightesa

Gas turlines offer a number of advantages over other types of engines, including high
power, relatively low weight and compactness, and the ability to accelerate quickly. These
factors make gas turbines particularly suitable for use in aircraft [1].

However, gasurbines also have their disadvantages, including high cost, complexity and
high cost of maintenance, as well as significant noise and emissions.

In this work, we will consider the main aspects of aircraft turbine maintenance and repair,
as wdl as get accainted with the methods of diagnostics and fault analysis. This information
can be useful not only for aviation specialists, but also for anyone interested in technical issues
and flight safety.

The gas turbine is a blade installation neags® ensurehe movement of the electric
generator (figure 1).

Its main parts are a rotor and a stator with blades.

The blade is a metal part, which is a plate with a shank attached to the disk. As a rule, the
width of this plate is a quarter of its lehg

Rotor - a movable shaft on which discs with blades are mounted. One disc is called the
rotor stage. The number of stages and the size of the blades on each of them depends on the
characteristics of the work and the required power of the unit.

24


mailto:k.zhandildinova@agakaz.kz

DOLssd mOBOth r)n2023~ 3 I$SNA@L817(Print) The Bulletin of KazATC
l iMmlsdzd ¢ sOL ¢ 2023 3 ( IS3N627905802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

The statois a fixed &ment of the turbine, which is a blade of a different shape, fixed in
a housing around the rotor. It serves to direct the gas to the rotor plates at the desired angle. Tt
increases the efficiency and reliability of operation, and alsceptethe disrption of the flow
of material [6].

Together with the combustion chamber, the gas turbine is a gas turbine plant.

Figure 1- Gas turbine plant

With the help of a turbocharger, the incoming air is compressed and fed into the
combustion chabe. There itheats up and expands.

Combustion products under pressure are supplied to the turbine blades, which drives th
rotor, which is the drive of the electric generator.

With the same power as steam gas plants, they have less weight and dimearesiouis,
into operation faster, and are easier to maintain [2].

Unlike an internal combustion engine, a gas turbine has fewer moving parts and low
vibration during operation, a higher powersize ratio, low emissions, and low fuel
requirements.

The useof gas turbins is associated with some disadvantages. Among them are high cost
due to the complexity of parts production, high power consumption, slow start compared to
internal combustion engines, low efficiency at low loads.

Materials and methods.

Analysis of structues and identification of cracks in the most loaded areas, as well as
regular maintenance.

Distinctive features. AThe main feature
combinedcycle turbines is the invariability of the aggregateesiditthe inconing substance
throughout the entire working process. This allows them to operate at higher temperatures an
increase efficiency. o

According to the direction of the gas flow, gas turbines are axial (most common), radial
and mixed.
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Axial turbines in modern @s turbine engines are predominantly used. Such turbines
approximately retain the axial direction of gas movement at the inlet to the turbine stage and at
the outlet from it (figure 2).
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Figure 2- Scheme of a twatage twinrotor axial turbine

In addition to the axial turbines discussed above, in the flow pamgich the seam
flow moves along the rotor axis, radial and radigilal turbines have found wide application.

Radial turbines are those in which the steam current lines are in a plane perpendicular to
the rotor axis. If the steam moves in the directram the pephery to the axis of the rotor, such
turbines are called centripetal; if from the rotor axis to the periphaagtrifugal.

The radial turbine is more reliable in operation and has a longer service life with less
maintenance requirements.

Radia-axial tubines are those in which the steam flow in the nozzle blades is directed
from the periphery to the axis of the turbine, and the flow in the working blades has @ax&tdial
direction [3].

Results andDiscussion.

Repair of gas turbines: meass to restoe performance and ways to reduce wear of parts.
Gas turbine equipment operates under extremely difficult conditions: extreme rotational speeds
and temperatures (gas heated to approxi mately
long-term continuauis operation lead to corrosion and damage to parts, failures in the operation of
units.

Small particles enter the system along with the incoming gas. Air filters cannot cope with
a large amount of dust, it moves into the working chamber @madlates abrsive wear of the
elements.

Turbine blade roots are subjected to fretting corrosiovear due to constant micro
movements of parts relative to each other in a corrosive environment. In addition, they quickly
become dirty and require cleaningth a norabrasive material (figure 3).
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BT

Figure 3- Damaged turbine blade

Nozzle guides are cracked and damaged due to temperature fluctuations. To restore, the
are welded.

The turbine shaft can become misaligned due to significant rotational spécis)eads
toincreased vibration during operation and accelerated bearing wear.

The plain bearing experiences high pressures and operates under conditions of increase
friction. At the stadstop moments of the unit, the risk of damage is maximum. Wsieg low-
quality protective materials or with a lack of lubricating fluid, the element quickly fails [4].

Repair of damage to parts of a gas turbine pl&eturning to possible defects in GTU
parts and their elimination, we note that the main causest@dislen GTU p@arts are as follows:
high-temperature corrosion, destruction due to vibration, thermal deformation, mechanical and
erosive wear, and necompliance with fuel preparation requirements [7].

The nature of the damage caused by these causes,sincases, allows them to be
detected only by noedestructive testing methods, and eliminated by welding. In more detail
about some possible damage to parts of the gas turbine:[5]

Repair of a crack in the turbine nozzle guide vane.

Crack in the turbine no#zvane (figue 4)- cracking caused by thermal cycles "heating
cooling”.

The size of the crack exceeds the allowable limits, and this segment should be replaced i
the near future, regardless of the timing of the scheduled inspection.

Figure 4- Crackin the turbire nozzle guide vane
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This defect can be eliminated by crack sampling, subsequent welding, mechanical and
heat treatment and application of a thermal barrier coating at the final stage. Subsequently, the
repaired segment can be used to repdagmilar damaed one;

Damage to the blades of the 1st stage of the turbine (Figut@é)ondition of the rotor
blades in the picture is typical for most of the rotor blades of the 1st stages of the gas turbine hot
gas path, which have worked out befdre next inpection and must be replaced.

Figure 5- Damage to the blades of the 1st stage of the turbine (erosive wear of the leading edge)

This condition corresponds to normal wear and tear and is caused by the cumulative
effect of the above cause

Cooled roto bladesmake it possible to increase the working temperature of the gas
before the turbine or to use less scarce materials for the manufacture of blades. The blades are
mainly cooled by air taken from the compressor, although cooling ispatsible withliquid
coolants (water, fuel, molten metals, such as sodium, etc.). Creating a successful design of
cooled blades is associated with great design and technological difficulties, since it is necessary:

- ensuring a uniform temperature field otke cross s#ion; unevenness leads to the

appearance of thermal stresses, which can nullify the cooling effect;

- maintaining the necessary strength and vibration resistance;

- design manufacturability.

Cooling the blades by removing heat to the disk rinthes simplestmethod, but its
effectiveness depends on the type of blade fastening lock and the thermal conductivity of the
blade material.

Currently, two types of cooled rotor blades are mainly used: frame and composite. The
frame blade consists of a supfing frameframe and a thiwalled shell covering it. Between
the frame and the shell there are channels for the passage of cooling air. In terms of their
aerodynamic properties, such blades are not much inferior to solid, uncooled ones, but the
presenceof transversegrooves on the rods greatly reduces their strength. Composite blades are
made of two separate parts. Each part is made separately, and then channels are milled on the
joined surfaces. After connecting both parts, cavities are formed imgddatie for he passage
of cooling air. (Fig. 6) In addition to the listed methods of cooling the rotor blades, cooling with
a protective film (barrage cooling) is possible. This method is based on the principle of creating a
protective coolant layer beagnthe hot ga and the blade surface. In this case, there are a
number of slots in the blade walls through which the coolant is blown into the gas boundary
layer near the blade
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Figure 6- Scheme of cooling of rotor blades
Conclusion

In conclusion,it can be noté that aircraft gas turbines are one of the most important
components of aircraft, which provide the necessary thrust for their movement. Maintenance ant
repair of gas turbines is critical, as any failure in their operation can lead to alasgjerations
that can lead to an accident.

To ensure the reliable and safe operation of aircraft gas turbines, regular maintenance i
necessary, which includes checking and replacing components, as well as repairs if necessary.
is also necessary to sfwve the corect mode of operation of gas turbines, including optimal load
conditions, fuel quality control and other factors.

In general, the correct maintenance and repair of gas turbines are important factors for the
safety and reliability of air trapsrt.
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THE CONCEPT OF RELIABILITY OF PERFORMING SPRING SUSPENSION
VIBRATION PROTECTION FUNCTION

Abstract. It is possible to estimate the probability of faikiree operation of the spring

suspension in the specified one on the basis of the methods of reliability theory. The parameter

of spring suspension in operation due to wear or agiregge, as aule, quite slowly. At the

same time, during the time required to ensure satisfactory accuracy in calculating the statistice

characteristics of random fluctuations of the crewZ@05minutes), the parameters of the spring

suspension practidgldo not chage. Thus, it can be assumed that the indicators of the dynamic

qualities of the crew depend only on the random values of the parameters of the spring
suspension, and the statistical characteristics of these parameters can change withigime. Tt
assumptionmakes it possible to calculate the statistical characteristics of the PC for each

operating time value and then determine the probability of fafteeperformance of vibratien
protective functions by spring suspension.

Keywords. Railway rad, rolling stock, models of spring suspension elements
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SkOteH Id' BH' ©jC §O2IHOROME CjtjiS. 1nd lOfMm:
Ndls" dzH ' telz ) SdzH Ote ' dg, iMmMdfdlsjk j?jtcmise Qi QB Odzb
fnd d2 d&gH ' dz' ¢ Bidz Bjte' Cls'" ¢' dz Otlsls™ tolzH T h jh d
fpr 27 @GH " dzf O dz SERj dzgH jIsz >y pdzgj Y OBHT YIsrw Bjts
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ELjCI' Bd § lSOB' d&ZOHT .

vsOMmMf Odzr Ctsdzoa j2jteH' W Y jlsj¢ BOteOBOdz 1 dzj o3
CllteH j d TR Btsdzr fr f Sjdzjfm' dzjte Odz YlsOdzO
IsOdzG julzyd PUzC Isj B BBd dz B ' 6" CIs' t6" dzj H' Y Ddzj BAzOte
BOtcOBOdz dzr W ELGjted3didz’ CeEdBjlz B"tWrhr dzgO dJ [ 4

1 OtcOB OdzgH ' Y OMOkE CjL " dzH j sdzr w yYyOB'" yh OMmr
imMSjtwmj ¢, B"dz CEB' dzgjffy BEL' dBH ' dz' s ' sdOWIs lds 't
YUter dzr 5" dgf W 3 IsOdzdz h 't DT dgf dz OtelslsT teOH T, tsfiyr
Eds d3gH' dz' 6" dz IsSEd3j degH jJ Isd H ' .

rjlsj¢ BOtWOB OdzH ' BB OdZOEZH O € j todzj zdz' HiWts

Y OH@dsdzr f sOB "™ dzOH T . DOB' Y Md Sydw dzOte" dzH OO’ H
HiWBsted3Oydw dzOte B OWOB Odzdzr W Bjte' SIs" 6" dz Otelsls™ to
BN ABE " dzH" € BjtejH', B"dz BOtcOBOdzdzr W MmJj dz" dgH ' dz' G

1Jtelslsjkz tsBi jCI' M)" .

1dtelslsjdzils' dz BOtOBOdz ) tSODOte' Y ZOIsIsT IsOfMmf
WdLdC Odarjydz' d3tB sdzr sOB " dzZOH " . vOk Cjdz EdzH’ 6
BOtOB Odzr dzf w CtsdzgmlstezS ydgwmr 1 MmMikztejlslsy Cetemjls’

1 MeeQitsOB Odz { dzj d3j dzlslsj to* dz' W E dzh j dgH J t&' «

1dtelslsjdzjls' dz BOtcOB Odzdz" ¥ f OtcOd3j Istedzj t6' :

D=50035B Otc OB Odzdz’ WH J Oc3j Ists"

] =103 IlsOMmf Odzr wj dz'

t =575@0@FHOdz SN

S=137B0OKE0OBOdHOD" 3 1ICIsj dsj

p=034-12Cjdz' i SL WWdyd,j dals*®

I OtcOB Odz Ol jtedOdz 10G2S1

[ 5, 6, 7] DHjBdJjlIlslsjtoH | Ctdzo j 2 ] to B OtcOB Odz
Bjte' Cls" €CJj JiMmMjtdljlz pH' Misj W) gzsi §r 8z018 OB O dzO (il ¢
imMiflsjk OkyYyOd v Isjstedwimr dzO dzjc¢' L HJjdzejdz [ dz
YOBrYIrw ' dzz' dz2 Yy OtcOfmlsr cOH " : sy Is* ¢, teOH d
BIS2" dz"h © ypdgj tsde' W jodzg dg w C'hCjdzgj BEMZ G dgH
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BlpHiJBdilslsyj HdME HiGE' YBLODOM MIsOte d3gd dz Snuh ¢t

SjWUHjbEdjte YN2ifMm d "0 doHr . r C§@hY{ Ot O O i dek
BUtr N dzHO ' k' dzj MD2S i by HdMC dzj tHdw Ster da
yodBf CHuhlsfteetsPrl Hj§ MORZOEOH' . 1 OOBO&ROO by

Nd W dzHjls' dzejdz N2 M -8y dz 65j BzObptf ¢ @xm @3S ¥ @B j digy B)dz0 O o
pfjt jlsjls'd Snhilsjte d3jde Mplslsjten' Cjdzls' iz pDH' Mlsj
O-HO B 'L Y QYp W) yaEOMOYJd@Ood Y O0ylkokzdjd Snbh

Y OOHO2HO IsOMYf Odz Ctsdzo j 2 j to BOtOBOdzH Oter dz J M fls
1dtelslsjbkzdzj tc OtedzOlskztcOdzr vy MOYddzOdzr w y OB YIsOODr ' h¢
Cetemilsls’ .

o sdzH@Y? Y OL ' teG LOBORO Y B ORPE:E IgjiR j dzj to' dz § O2 H
BOwOBOdadlzr W HjWBtekOydwdr v Cjtdaibkd Cn2' kkteOd
BJls' daj Y SdzH Odz" dzOIs'™ dz Cnhilsjte BsH J dzt H] de' B
HjWstehOYydwY dzOdzoOdz S 112 Ody YlsOdzv' . 1 [ fyrdzj aigs wigisdz W'
BE dzh j to B dz WistedzgOMr dz" ¥ bpMmj e’ BOtOB Odzdzr W ¢ j todzj L
bolststc BOttOBOdz M’ BB2" d@3dd dz Y NSlsjdgj dz' v IsOtcOdzlz
stedzOdzOMmMkzr B2 dZh O pfMyjtc jIsjls' dz' dz OlsOf EIlsjH" .

sdtdzi 2 HJW B3Oy dW dzQideD Qida j§ 1N2E T tgi" njQf Islsj AzdzHCO dzD O «
Cijtedzi 2 IsjdzL ster dzr W C o3 tsdzgj dzlslsj 6" OlsOf ©22Isy OdzH
CodBYf sdzj dzlsilsj t° YOfIsOBO BJls' d2 W  d&zOMisd S Odzr ¥ HJ W
"L Otlskz nhtdz "Isr digHT seEfmj k2 § Otec QdhyClsjtdatz jdimxts jd2 Isls @ 1O L
ElsCjdz yedz [ 11] .

1DlIsdydfm" dHj, Ylitee' L'  d&zejdz L jtlklsjkzuHn' w BOMIsr d
ifmMiflsik pDH'M' d& SOUHOE Ypdzi bEMiEZ §OLOBR] Istcdzj to* dz
nh' dz BOtcOB Odzdat WW tst€ B@ylaj dkOdzD Odz © W 11 2¢ szl /B *OID Oteal?' Iz G
DH'  Misjdi3di M dz pL " tcdzjz Btsdzr f IsOB" ZOH " .

{Mr BOYMOILYO iz nh'"dz Cjdzjm'" o dzgHjIslsjte yts2!

i BOtOBOdz Y OB' D-H gzl Wic GPtpdia) z@BZOOdz SN2 dz Sy &
spfm' dz' dz pL ' tedzj z;

i B"dz Ispfm" dzn* CJtedzi Iz Isj dzL Ster dzf W Syt @@meoOm

BOtcOBOdzr dzf W YO sOBzOM" dz sOUWHOEZDO pMjte" d2 L jtelslsjkz
[ Ol jtcd OdzH Ote 3 dz Isp " dzH § to.

v Oftf Odz Ctsdzgo j 2 jteH ' 6 Ndlsj¢ BOtOB Odz" dz' 6 30
20dz' f IsOMmisds@dzjHdE@ls € Odz' 8 Bt H j dz' .

rjlsjc BOtOB Odz" dzr W CJtedsj zdz' HiWsdz®ydWw dzO dz
Ctodemistcz € ydw fiicegp dzj € OEBIDGfisf OM" dzr W BE'"™ dzgH Oter dzH OO
yopdzgj hjwBjtec HSOOM" dgh OOr CjtedzgjZH'" W ELGjtelz MYy Ols
hjwBjt' dg W B"terhr dijidz yjlsi¢ BOteOBOdz dzr W €' tc' My
@O’ dzH ©ODr B O2 &ZOdzr MiIsr GdzOlsY OdZH O, DHjIlIsj [ . €¢2d

ol @

B dz@ % jIsj ¢ BOtOBOd dr W IsOfi)tls@ifyfd wdsjedz o8 Ote OB
OtcOMr dzH OO B O2 dzOdz" i S L WWJydg dals” .

]l ZzO0fmse Isjtstedwvmr dzO Mbp2¢C j M YY@ezOwdeows € ji@dzfdz di' fr
nh* dz 2 MmMeteiblsy CettMmMils’' dz6éjdz BsHjdz2 JiMiflsik bpH' M
Cjdzj m' BSdzy OdgH Ote s dz tSte’ dgH OdzOH T : BOttOBOdz B dz' €
OteOMmMr dzH OO Yohrylsry IsOfmf Odzr v j dz'Odgyf Odzj w, € |s®MmigzE

44



DOLssd mOBOth r)n2023~ 3 I$SNA@L817(Print) The Bulletin of KazATC
l iMmlsdzd ¢ s OL ¢ 223 3 ( IS3N6279605802(Online) DOI 10.52167/16091817

vestnik.alt.edu.kz

OtOB Odzc3j dz "MsOf Ocdkkz " jwejte HEBSDOM'

sOMmYf Odz" B
mMp2¢€jfm BJjte" dzj H' . 1 OtcOBOdz St zMr dzr w HJ WEsted
B3j &z B' dz' CIsjtc B ' 6§ Y OtOMmIsr ter dzOH " .
rdlsg ¢ BOtOB Odz" dz' W ¢ s te fH iy dziz® Is|Dteif) s 'tz @zc
NI Clsg d3d dzj te BOtOBOdz ISsOMYy OMmr dz" v hijws]ts HSD
Stcedesdzesd3d IstedW dz v Y OISO dzO tstedzOdzOMis™ o dzOH " Y
aHBo g .
z(cx,ﬁ]=—[5“’n:ThE-l—f Dzncc'5ﬂﬁ+z sinn[?:], (2)
y(U b = b(Elb) (3)
d3" dzH ©
7, = 2 (1shyB, cosnf, + nchyB, sinnBy), (4)

n mln=+p~ }LR

z = %[pshuﬁu sin nf3, +nshuf, cos nf,), (5)

3" d2d i E dzh | Gfs'siteH d dzOIs s Ots .

[ndzHO C j dzi My’ B J dzai ‘hdgjum tg @Hzd & )" dze jydg:.dzd &H tc dz’
sStclsOWD" BjiByIsCX, sYhilsdtcH ' W iy Gedd Of Gt rig iz hur
BS2" &3j dz " O MEH" wimkHr W W BOD' slsOter tsdzf W
tcOHdEZMmr .

IIITITITIRITIITTIIRTTITITIIITIIT1T

2 MmMEwyily Isj dz6 j dz B MG OB Odz d3tsH § dz' [

g jtolf " BB fsq fMr da@ w HdWWjtejdydOdzur vy Isj WHj
HdWWJtGJdZLId dZHT Y BkjWHjEZH' YOdRZODOISISOdzH'™ t6OIsT dz
jdzg " L' dzjH

L %z(a,ﬁ] - (6)
Oty ' dzf
i 8t _ Ehfy . _ hi
?_zﬁ-l_aﬁ‘ t-:ut_j_:,:it_:::,i _lith;" (7)

d3" dzpi@ ZOMMps de W d yd § dals * .
U J WH fzGidzthrj h ‘Cdj'dzj M 'Odz" Y Is OdzOH '

d=d, +d, + P, (8)
&5 dztoDB ' lsj Cls'  Isj WH jdZ ¥ WW' N OdBmO NN N g j .
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DOB' Y BODODOd MisOtt &jd CNh CoiWWdydjddslsjt' Isp

aﬂ- aﬂ- azdr.'i' 1+v = B= e
u= (E‘:BEZ_UEJ (¢D+¢|Z)_B:BE_EC_ E‘l::ﬂﬂ?_?_nby' (9)
= _L v __= 22
v=— (EEJ—I-[Z—FUJEJWB}—I-E(l-l—u] s (aﬁﬁlua:}vvq:y,
w = V2V2(dy + §,) — (2 + v) Fgﬁ % [13] (10)

[ ndzH O2 3 dgH j Isilsj te8 MCCIMQftpdtellg dels 5 €z O2 IsOtcdzr y Is O
Oyrls hror dzhHOtcr dz IsOdkzOf jIsjH' . ¢dzZO2HO B"dz Ydr dzH
BESHJ & HijkZ OY" &z O2dzOdz" §f ElskzGy BBAEZOH' .

4 OdzH" 8 BSHjd HiEZH 6 JjtjChjd Cljte’. wOdzHT 3 Is
stsdzf ! 8 Isj todz' € d31SH-@G|MDH§]ﬁ']'J]'\B'J&de'ledZd:SJ:Odzq'Q@erY
Y'"telz BGSdZ f IsOBT' dZOHT . OmMf © d3j dz BOOBOdzHT Y " tcOM

Mp2¢CjMm Cjdzjls' dz d34nOdZdQOdsz Ctsdemlstcz S ydw Mmr L esOMmr
 OCtcORBRBO BOOBORIO ISOMfO bDMite JlCidHd JC°
QEtsfr]jBls'jaﬁ‘dzf BOdzr yrfpr &3 S yodzgy N2¢€jdz iy Cnuh’

3 Mmkrtcijldsj ¢ B OttOB Odz" dzgH OO  yr fyr d3dz" w EL G tol

02dzr BOdr Y Mmr s &kjde N2 jdz fp Suh'dd W ELCjtd
LtedBBite, . uvstekOd kjstedy &Owr dzO0 Mp2¢jfy, 0O dz d
Ctsi W W dsydigyds " kel @2 HO Bdzk ¥ ODHO2' dzOdz Isk' dzgH O2 H ' .
CEtefmjls' dzejdz [ 13] .

M H

04

03

02

a1 LB | s <& 2

0 005 Ul ’p,’MPa 0 005 01 p MPa
4 Mkl t" 3Odzr YY" M d3 3 pdzaj O2de" BOdzr n2¢jdz' M
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LEOW dSlsjernjd CE' §° 'sdT doPhyr & oG ydj dzls
sOMmf Odz’ W YsDfg’j dgmBE@kjh j WB jtc HESDOM' dzh OO0 Ik OMYE O
O250d YIsO2 IspkjdH' . 10wOBOd ! dzj &) dzlslsj to' dz
BOWOBOdz B ls' Ugjt®LY e Gczi dzls' di5j &z B OwOB Odz B IS
fdf O™ dz Odzr Y BOPE Y Oxjls [ 14

vOME O d3j dedz O @R @O DS jlslsjmk (e dj
BSHjd Hjd §, Cj2B't kjnddSOd ¥ CltHjd d& ¢

WdLdSOdzr' Y dsHJ dzt H' B, @lc b dz'fipQ llsgutdf j Isijdzj d3j dilslshj
CEtefmj Is -z cflay d(v1) . U O 0C0dD yebdzlg dz' H @B 0D ' d3d3 B Ots
YOB" OrdzZ w MBWOD' 1 dzjd3gd dzlslsjtc’ dz' w MmOdz h 1©Re d3j
CEtc' dz' fhlsome€sh.a d

5 MedesQdgH ™ ¥ M JlsJ ¢ BOttOBOdz dsHJjdz' dz2' W Mk

slihis'"w hjCOtOd&eldsY i @icisds'Odigff @' ®EdZ 02 dz' 3O dz' d
stcdzgOlIsr dzH T s00dz PLC BOODHOtdZORZORARN I J dgd j &IS
O2dz" B3ZOdzr M dzO® B O &ZOdz" Misr sSOMYf Odzr w 02 dzr BOdz'
splzjdzvH® dz' ¢ L OWHT' dzf@ YIsOter ¢ j dzls® to' dze j dz.

1 ¢ jflsQtcOB OdzC deitovlz] I tztste dpO Y d W dzO dzThOidsy S 41 18 |
BSHjd& d' W hjCOOd ¥ hOllsOi’ dzO OtdzOdzD Odz H j &

DkzOlIs ANzdzC ydw

Csd WWdn

P X

— 11 My Linﬁ_ﬁ'—"

pla) = [(pid + %) et e~ 2= (1 ©
t71¢" ts'Oftg ;300 "CdzHh QO TN ag N
wite] Isls | 'dap'ls@zedn e W d yd J dzls®
pylls " e O G2 dz@adet iy W d yd 4 dzls
—TE=a=T

T 1

L. Lilm
(@) = [(pr, +52) emine — 1]
Hg

Hp

-1
m Hy mpge _ My
FI} + .“1 ({pcns + “D)e ? #D) ]

t1¢" ts'Oftp 53O0 rCdeH QYO T T dgh °
mitejlslsjdzjls' dz " dz' dz' mkz C s W
s tcOY IsT BO2 &zOdzr f S s4 WW(
—TE=a=Tm

no0 0,164 e 1,25
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6 MmMkicjlklsj BOWLOBOdHOD' kKON Od WnFE EOEHO dzdusj §
Cudf' vlsjted § BsHjd& SCEEnjls' d&dj d

6 MizucQfisf Oder W BOwOBOddsj &z EL OO pDiej S jlsjmz' d w jf

BsH j dz'

s O M BROIsd S Odzr v yBB27" dz d&BHO h jh " dzn " B"dz IsOfMm
Md e~ BH" H WS tedUsd Y dZOdzp 2" dztsHzy Grgls H PEOH T .

L Dlsdxjdzjte

stsd31115134tedz‘g BsHjdz Hjlz dzpblsdy jdzjte' dz IsOdzH Okz.

stsd3tf ! s Isjtedz € iMmMitlsjkzdzj e W dzbIsd y J dzJ to° B O
HiWBtedBOYydw zOdzd Oz S 112" dz2' ¥ bpielsi tedz HDdzH" € HJj WG]
sjiSMmjtelz JMmitflsOrtegee] dzj cdzfHHBD2 M d @BH' dz' ¢ i dz Is
BOY MOIsT dZHO " Is' dgH ' seEfmMilz yYy"tcOdzHOte™ dz f O2 HOZOdzz
D MJ tcdzj

5r ML @gf 1 O

7 Mee@ifO &jd BOLOBOdRHOD' S jtdjlk HJOG!H

7 kfgjlsilsj ONMTO@®OBHOdRZHO HO [dJLjMm Cjtd] kz' dz' W
Md s’ dze § ddg" Lu YBH90dd B © dzdz™ W is Bt BB AWEOPO " dzH O B3O SC M d dBO«
dej Zdzj eH' W Y O2IHO BtdzZZr d2 ¢ E teMminlssinHsS | [ 1d® dzHjOs jdsO €.
241l BGHDIs2 3Ot EQfpdznil W' dsfr HJWGEJ2 dvHyg YOE'™ M’
Clg'jqsTCj d&z' CIs' . ZOBOHOdz IsT M BJt' CIs' € Ctst WW
rdgH " dz" OF dz' W OQtelslzr dzO DECjdzyH" , YOBHT YIS W Lo
rylsr w Ydd3®fr] dz SWUIsO2 &zOdzH " tclz SyjndzjdzH g J t€ 'IsG) IS ' A& K JO
mMdtekzey HJ2 dz YLl Jbk d3gj teL ' O3 1000 MmMODOIs
jteedw lNdgj BHJBEG] YBdZ 3JikS"  LEkE] BBAEOHT .

1 OtcOBOdzdzr W Bjte" CIs'" ¢' dz OdzDOh yr BODO&OE GCjL " o0
OO BBAEOHT, ts dz’ 'HL'@]Y Bizdzte D ‘lidgre” L b2 OXlF-t6j € . 1
StedBOydw zOdzoOdz Sn2°“"dz jmitflsjkzn'" w Y sS00ter HO € d

"'(/TLDSUU NN

TO
—
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Cetf yd<edzu" Y O3 BEN4r D Hfify s § dzH G 'WL HS' SntH IsOwt
qudZH' h Oeh Ok ¢ ' Mls' df tEdzjhizjdr tedajjdz f D@0 68 tStE
0 0,2),0 max<0,681_ 0. 2 h Otelsr tste" dgH OZOH ' [16]

v OMmf Odzr w j dz' BBRAr dzh © Cjtedzgj 2 HjWeEji2 dz |Is
3 Odzf ' EOMMde ' daj dz BOWOBOdedz' W j W Cjtedsj bz O
s OWH GsdgHte dzj HziHE jwtedzs lsizf Ml j Islsj S Etefj s’ dz¢ j da.

o 27 ML B0

nnnnnnn

2004002 400-002 6004002 8.00+002 1004003 1204003

sjtedzgj ZH" W ELGjtelz", [1 O
8 Mikjt tOlsste YyddzddzHte' dz' W B2 dzgH OD" € j o

1Jdzj eObtste yddzd deHis2 dz' P) ©tsQ | gz’ " r WH Ot
Bjls' d3sjfgf jlsal 25 j o' dgHj N SO’ 6dzOdzDOdz ' yYIsd 5Oz y Ot
N Clsjdzjte' &2 SEwWMilsjH', B'dz HDdsj CjtedzjzH' B
")t odz MsOt tjls' dzHy YL Bil jlsjH' .

CCodoOdzj delsls' Cjtdajledzjte HjWeEj2' dzaj ¥ OdzOds
yOB rwWelifls' dzij »OlsyOdz { dzj osj delsls* w € jtedzai 2 Isj daL 1

9 Mkwjbd z Isjez ke g v

[ O dzOROE dzj Iz dzjj tezaxds dgh dzHEj Gts O B CrdEH L0 oz OdRO lsig" g O dzr
sOWH OBOY WL M daj'ieh dgh Ldgllj d3S * BdgHté. JCH |

DOYf ©@RW " HBIsls' dzf @ def BAREHER" tcddp 51 € Is | Wiy iz
YOy s &BBBj tod OWwOsde®wL ' kjj Uds j day jsdzatsi dxtizH ¥y ts@Oe. Otc O
Dtcj §jlskjiphj dey OWBY Is OdgiOdg O tc Op Otilzls O 3OM?D Czf laas k¥ dzr W
Y szOR dztefj IsC° B s b S tsjodascOeys@md j sl d4 " ¥ OB @R0
f Otc Odsj Idstariesjmie)bdptz’ dzOH

v Odzy r &ZOL .

stsdzo j2jtc sOMyOMrdzr w yYyOflsOBBOdRj dz EL Otc©® Dt
CEdjdH' € HjYBEEBOYdY ZOter dz jMS jtej s ter§f, B
ror mMedzjSizjdtg t6* dz2' w (3 pdzj CERHjAdVY HJWBtedOydw dz
NYdlilk' d dz2 SEteMills, BEOLH' YOflOkz f OttOd] Iste
CjL " dgH] JMSjtckz YORjl. sjtodzgjlz IsjdeL ster dz" W t x,
dzD Is d 3 jeddg A" dzh - Iz tg(i 9s ) BOtOB Odzdzr W BJIs' dzH J Y OH
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Butsr h ' dzOdz BOC M BOdHT O Mk Cjtds bdzj e’ dzgj @' L da
sfydwmr EBOAdz Mmjtf' &H' &' & &EsHkzd E=40 [1 0 KOk
E=5, 8A103 [1 0 fdycGls SPGBt tjL j v

o7 4 2 —

0,52 1,04 15 2,1 2,6 3,14

307 Mz Cjtedegj 2", [1 O
1T BO O kOMIEQR" @ L WS OMfARzIwMIadkj ¢' o) dz
10 fMisojdss j def C jtodzj dzj t6' dz' W 02 dzOcdzz B " tor h r daC

MOdMOoyls' SdHO &

11 h' fewjllje’ cwOWdS L
j dzj bohjt jljlk' &

sOdze j dzf) € jtedzj dzjte' dz' W H

Cltedzg] dzj 6H' W Y} BDO0OtG Hl WG] BJtdH", BOO IsOMmY
vOdzG j dzgfp € jtodzj Zdzj to" dzg' W ty Hjwej2' d2 v sOMmtf Od

mMkztcjIs) .

l‘:b 600+000 7

ot sins |

-

E 200+000 -

D 1.00-000

NO o g T = s =i

2222222 6.00+002
Coord 0.1

it BH & € CwmiWW¥dydidds, [10
11 Mip®nf Od v | dS jeesR)lzdzisQ dzl Ster dg W Y " 5 OcdsH Ofy) B E dz

DO IsOBOKZE &@H ' f OOl stedzj 6 dz SHOdz D' - ISOWHOE
HiWBsted3Oydw dzOdzo Odz € 1l 2dzida jCizts dgifD' 1 sy jtoodg' t€°  dpssi2jr dzh O O
t_y GCjtedegd zdzjte’' dzg' W IsOdeGJ dgydOdzH"™ S tsd3f sdzj dzls® dz' w

stsdi3tf + v Isj tedz' € Jmitfljk 3D dzH J &' dz Y tsdzH O dzO tsls
f OtOdzj stcdzj 6" dz Odz" Y sOkZDO BtSdZOHT :

DitdLriwsy IsOmMfoOodzr w ML &gtk BJjte' CIs' G

Ting Rt
61”, = Trmax kﬂf m?ﬁ = [E']b:". (11)

2) 0BT teh OYIsOdzgzHr W jtejChyj Cuh’
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DEVELOPMENT OF A METHOD FOR DETERMINING THE RATIONAL
PARAMETERS OF THE LINING OF THE SHELL OF THE DRIVE DRUM OF THE
CONVEYOR BELT FOR MINING ENTERPRISES

Abstract. Due to the complexity of determining defamtions with stresses in drum
sections, it is recommended to solve the ambiguous problem by analytical method using
numerical method of finite elements. The preliminary stage of computer modeling consisted in
the preparation of a calculated mechanical diycwhich contained deterministic relations
characterizing variable pressure, variable Euler force coefficients, which vary depending on the
angle of rotation of the drum.

In the calculation scheme, it is also recommended to take into account the variable
pressure of the friction force, which depends on the coefficient of transition of the tape to the
drum. Computer calculation allowed to determine the equivalent stresses; components of
tangential stresses were determined using stress tensor markers.apheogrchanges in
tangential stresses along the forming membrane of the drum is constructed.

Computer calculation of tangential stresses in the component makes it possible to choos:
rational parameters of the lining according to such indicators as stitengéeling and tearing,
as well as to determine the angle of inclination of the lining, which is required to increase the
reliability and traction force of the drum, as well as to increase the indicators of energy
efficiency of the equipment.

Keywords. Conveyor belt, durability, drive drum, stresses, deformation, finite element
method, lining.
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STUDY OF THE PROCESS OF ELECTRIC PULSE CLEANING OF INTERNAL
COMBUSTION ENGINE EXHAUST GASES

Abstract: The paper presents the results of expeiments carried out on the
developed equipment, which makes it possild to study the parametrs o exhaust gas
purification by electric pulse.The general structureof the eectric-pulsecleaning sand with
moving electrodes, the desaiption of the principle of its opeaation is given. The analysis
of the results of the experments makes it possible to draw a conclusionabout the
effectivenessof electric-pulsepurification of exhaustgases and detemine the optimal modes
of operation of electricpulse equipment of the designedsystens of internal combustion
engine exlaustgas purification.

Keywords. Internal combustionengine, exhaust gases, taty, electric pulse¢leaning

Introduction.

One of the significant souces of environmen#él pollution is motor transport
equipped with internal combustion engires. Exhaust gas includes many ckmical
compounds, nonbering more tlan 300 comporents. The most tag comporents of internal
combustionengine exhaust gases are nitrogen oxéd, soot hydrocarbonsgcarbonmonoxide,
hydrocarbons, etc. [1,2] There are several ways to clean the exhaust @ses. The most
widespead ae the nethods of calytic neutralization, which are quite effective, but at the
sane time one of the mostexpensive [3,4]. Therefore there is a necessaryo find alternative
methodsof purification of exhaustgasesof internal combustion engires. Known method of
gas purification by electic impulse, the operatng principleof which is basd ongeneration
of static darges, wellproven in the industry when cleanng gases from suspeded particles
[5,6,7] Theam of thestudy was to detemine the parameters of electric-pulse purifi cation
of exhaust gases degpendingon the modeof engineoperationand the distancebetween the
electrodes Scientific novelty liesin detemining thedependence of theefficiency of theeectric-
pulse method for ehning of exlust gases of internal combustion engines oe tiesign
parametersf electric-pulse equiment.

Materials and methods.

We have developed anelectric pulsecleaning bench with moving electrodes Figure 1),
which alows to takea numberof indicatas of the content of subsénces in exhaust gasesat
different cranksh&t spesds and distancebetweenthe electroas [8].

Installation (Figure 1) consistsof a cylindrical body 1, made of ashestos which
has low electrical conductivity; inlet 6 and ouit 2 holes for the gssage d exhausgases; high
voltagegererator3; batten rail 5to changehedistancebetween theelectrodes.

Location of spiral electrodes inside theelectropulseunit is shownin Figure2. On a
specia barral 3 (Figure 2) are mounied two electrodes 1, 2 (Figure 2), to which from the
generator 3 (Figure 1) by high-voltage wires 4 is fed an electric current of high voltage.
Exhaust gas entering throughthe inlet opening 2 in the experinental setup isexpo®d toan
electric field of high voltege As a result, shak ionization and changing of the exhaustgas
compositiontake place. Thepurifi ed gas exits into th@mospherdhroughthe exhaust pat 3.
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1 - cylindrica body; 2- exhaustport; 3 - high voltagegenerata; 4 - high- voltage wies; 5 -
bar-rail to changehedistance betwan theelectrodes; 6- inlet port
Figurel - Stand for electric pulseeaning with movingelectrodes

1

1 - anode - cathode; 3- rail to change the ditance btween the eletrodes; 4 inside
surface of tk unit body
Figure2 - Arrangement of spiralelectrodes insidehe electropulse snd:

The testsvere conducted in threstages:

- thefirst stage,in whichthetoxicity of theexhausigasesat 700rpmwasdetemined;

- the second stage, in which the toxicity of the exhaust gags at 1400 rpm was
detemined;

- the third stage, in which the toxicity of the exhaust gases at 1900 rpm was
detemined

At each stage in determiningthe toxicity of the exhaust gas using a gas aalyzer,
the values of the excess air ratio & oxygen conent Oz, % vol, carbon dioxideCO, % vol,
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hydrocarbons HC, ppm vol, carbon monoxice (carbon monoxide)CO, % vol were
detemined.
The plan of the experiment [& presented in Table 1.

Table 1- Plan of the experiment

Stage Operations
2
1. To start the internal combustion engine and wait until the coolant is at operat
temperature
2. To connect the diagnostic complex to the vehicle
3. To connect the experimental bench to the silencer of the car
4.Measure the toxicity of exhaust gases at 700 rpm of the engine crankshatft
5. To reset the gas analyzer to zero
6. To set the distance between the electrodes R=0.002 m
7.Turn on the experimental bench and measure the toxicity atiskbases
8.Reset the gas analyzer to zero
9. To set the distance between the electrodes R=0.004 m
10. Turn on the experimental bench and measure the toxicity of exhaust gases
11. To reset the gas analyzer to zero
12. To set the distance beden the electrodes R=0.006 m
13.Turn on the experimental bench and measure the toxicity of exhaust gases
14.Record and process the results
15.Increase the engine speed to 1400 rpm of the engine crankshaft
16. Measurehe toxicity of exhaust gases
at 1400 rpm of the engine crankshatft
17. To reset the gas analyzer to zero
18. To set the distance between the electrodes R=0.002 m
19. Turn on the experimental bench and measure the toxicity of exhaust gases
20.To reset the gas analyzer to zero
21. To set the distance between the electrodes R=0.004 m
22. Turn on the experimental bench and measure the toxicity of exhaust gases
23. To reset the gas analyzer to zero
24. To set the distance between trecgbdes R=0.006 m
25. Switch on the experimental bench and measure the toxicity of exhaust gase
26. Record and process the results
27. Increase the engine speed to 1900 rpm of the engine crankshatft
28. Measure the taoity of exhaust gases
at 1900 rpm of the engine crankshatft
29. To reset the gas analyzer to zero
30. To set the distance between the electrodes R=0.002 m
31. Turn on the experimental bench and measure the toxicity of exhaust gases
32. To resethe gas analyzer to zero
33. To set the distance between the electrodes R=0.004 m
34. Switch on the experimental bench and measure the toxicity of exhaust gase
35. To reset the gas analyzer to zero
36. To set the distance between the eldetsdR=0.006 m
37. Turn on the experimental bench and measure the toxicity of exhaust gases
38. Record and process the results

Preparatory, ,
Stage

The second stage (at 1400 rpm] The first sage (at 700 rpm)

Stage Three (at 1900 rpm)
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Results and discussions.
Table 2 shows the results of the first stage of the experiment conducted on a

gasoline engine @&ngine crankshaft speed n=700 rpm without the effect of the electric pulse and

with the effect of the electric pulse at different values of the interelectrode distance R.

Table 2- Results of the first stage of the experiment, conducted on a gasajine en

Engine speed, n=700 rpm
Measured | Without exposure Distance betweer] Distance betweer| Distance betweer
parameter | to an electrical electrodes, electrodes, electrodes,
impulse R=0,002 m R=0,004d3 R=0,006d3
=S 1,134 1,395 1,304 1,300
[2,%vol 2,97 6,42 5,34 5,29
g [2,% vol 12,45 10,22 10,86 10,83
1 4 ppmvol 280 236 241 252
¢ [ Y vol 0,298 0,256 0,268 0,281

The second stage of the experiment yielded the datensimoTable 3.

Table 3- Results of the second stage of the experiment, conducted on the gasoline engine

Engine speed, n=1400 rpm
Measured | Without exposure| Distance betweer Distance betweel Distance betweer
parameter to an electrical electrodes, electrodes, electrodes,
impulse R=0,002 m R=0,004d3 R=0,006d3
=S 1,065 1,069 1,055 1,211
[ 2,% vol 1,81 1,89 1,64 4,05
g [>,% vol 13,4 13,11 13,25 11,53
1, pp|209 206 211 180
¢ [ % vol 0,445 0,476 0,493 0,374

As a result of the third stage of the experiment weioétbthe data shown in Table 4.

Table 4- Results of the third stage of the experiment, conducted on the gasoline engine

Engine speed, n=1900 rpm
Measured | Without exposure to Distance Distance Distance
parameter | an electrical impulse between between between
electrodes, electrodes, electrodes,
R=0,002 m R=0,004d3 R=0,006d3
& 1,020 1,018 1,030 1,020
{ 2,% vol 0,95 0,93 1,11 0,98
g [>,% vol 13,71 13,71 13,64 13,65
18, ppl187 194 187 193
g [ % vol 0,535 0,559 0,466 0,566
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According to the experimental data obtained, plots ahges in the measured parameters
of the exhaust gas analyzer without and with the influence of an electric field of high voltage as a
function of the interelectrode distance R at various engine crankshaft speeds n were plotted. The
zero value of R corregpds to the values of the measured parameters without the influence of
the electric pulse. The change in the excess air coeffieiesta function of the interelectrode
distance R at different n is shown in Fig. 3.

A
1,6
1.4
1,2

1
0.8
0.6
0.4
0,2

0 R, m
0 0,001 0,002 0,003 0,004 0,005 0,006 0,007

n=700 n=1400 n=1900

Figure 3- Dependence of the excess air ration the interelectrode distance
R at different n

The parametes-in the optimal case of fuel combustion should have aevelose to one.
An increase in the "lambda" parameter indicates that the mixture is depleted and the oxygen is
not burned completelylhis refers only to the case when the composition of the exhaust gases is
measured in the silencer without switching ba electric pulse equipment [10]. When exposed
to the pulses-in the best case should increase, because as a result of ionization the value of
oxygen increases and the content of harmful gases decreases.

The change in the oxygen contert, @vol in the composition of the exhaust gas from
the interelectrode distaadR at different n are shown in Fig. 4.

7
6

J=  n

(V8]

o =

0 0,001 0,002 0,003 0,004 0,005 0,000 0,007 R,m
n=700 n=1400 n=1900

Figure 4- Dependence of the oxygen content @vol in the exhaust gas on the interelectrode
distance R at different n
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Figure 4 shows that the maximum oxygen content is at 700 rpm at a distance of 0.002n
betweerthe electrodes. At 1400 and 1900 rpm at a distance of 0.006m.

Plots of the carbon dioxide G@ontent, %vol in the exhaust gas from the interelectrode
distance R at different n are shown in Fig. 5.

CO,, %vol
16
14
12

“\‘_//_‘ —9
10

R = O o0

o

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 R.m
—o—n=700 n=1400 n=1900

Figure 5- Dependence of carbon dioxide £€ontent, %ol in the exhaust gas from the
interelectrode distance R at different n

Figure 5 shows that the point of minimum carbon dioxide content at 700 rpm is observed
at a distance of 0.002m between the electrodes. At 1400 and 1900 rpm at 0.006m.

Plots of depetsience of HC hydrocarbons content, %vol in the exhaust gas composition
on the interelectrode distance R at different n are shown in Fig. 6

HC, %vol
300

250 \ e —

0 0001 0002 0003 0004 0005 0006 0007 o

—e—n=700 n=1400 n=1900

Figure 6- Dependence of HC hydrocarbons content, %vol in the exhaust gas composition on the
interelectrode distande at different n

Figure 6 shows that the point of minimum hydrocarbon content at 700 rpm is observed at
0.002m, at 1400 rpm at 0.006m, and at 1900 rpm at 0.004m.

Plots of the dependence of carbon monoxide CO, %vol in the exhaust gas composition or
the nterelectrode distance R at different n are shown in Fig. 7.
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Figure 7- Dependence of carbon monoxide CO, %vol in the exhaust gas on the
interelectrode distance R at different n

Figure 7 shows that the point of minimum carbon monoxide content at 700srpm
observed at 0.002 m, at 1400 rpm at 0.006 m, and at 1900 rpm at 0.004 m.

Conclusions.

From the analysis of the dependencies shown in Figureg, & follows that there is a
tendency to increase the content of carbon dioxide and carbon monoxudeseausly with an
increase in engine crankshaft speed. While the content of oxygen and hydrocarbon, on the
contrary, decreases with increasing revolutions. The decrease in hydrocarbons is explained by
the fact that there is better combustion of fuelhveihough oxygen.

After switching on the electric pulse, with a distance of 0.002m between the electrodes at
700 rpm of the crankshaft, a sharp increase in oxygen (by 116.16%), a decrease in carbon
dioxide (by 21.82%) and carbon monoxide (by 14.09%) amdidmarbons (by 15.71%) is
observed. It follows that the distance between the electrodes of 0.002m is optimal at 700 rpm, as
the analysis of histograms shows that the values are minimum for all three harmful gases, and
maximum for harmless oxygen. At crahkft speed n=1400 rpm, the greatest reduction in
carbon monoxide CO and HC hydrocarbons is observed at R=0.006 m, and at n=19Cf rpm
R=0.004 m.

The results obtained are necessary to establish the modes of effective operation of electric
pulse equipmenmivhen designing promising systems for the purification of combustion engine
exhaust gases.
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STUDIES OF THE MECHANISMS OF WEAR AND DESTRUCTION OF HARD -
ALLOY TOOLS WITH MULTICOMPONENT NANOSTRUCTURED SYSTEMS

Abstract. The object of the study is carbide plates with multicomponent nanostructured
systemsThe possibilities of increasing the operational properties of multicomponent
nanostructuregystemson carbidesubstratesising filtered cathodevacuumarc depositionare
revealedThe mechanisms of wear and destruction of a carbide tool with the developed
multicomponent nanostructured systems using modern methods of metallophysical analysis hav
been studiedhe features and mechanisms of cracking with multicomponentstrantured
systems are considered.Studies of cutting properties carried out during longitudinal turning have
shown that the developed systems can reduce weardbtin®es compared to a tool without
coating and by 12 times compared to a tool with a stardi titanium nitride coatinbwas
found that the wear pattern with harder and less elastic-netant layers had significant
differences from the wear mechanism with less hard and more plastieresetant layers,
which included zirconium nitrides itheir composition

Keywords. Coatings, multicomponent systems,coating propeities wear cracking.
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THEORETICAL FOUNDATIONS OF THE DEVELOPMENT OF A BULLDOZER
DESIGN THROUGH THE USE OF MULTIVARIATE PARAMETRIC ANALYSIS

Abstract. The article presents the scope, purpose and design of the bulldozer. The main
brands of bulldozers used in our republic are given. Their main characteristics are considered,
such as: weight, power, blade width and blade height. As a result of the analysis of parametric
information, the standard deviation, average value, coefficient of variation, asymmetry and
kurtosis were determined. A correlation matrix has been compiledédbatibes the relationship
between the parameters of the machines.

Based on the results obtained, a cluster analysis was carried out in the StatGraphics
Centurion software. A histogram of the distribution of bulldozer indicators is constructed, with
the cetermination of the left and right boundaries, and the number of models in the interval.

Using the obtained parametric analysis data, the equations for determining the coefficient
of the technical level were formed. Using the obtained equation, the cemffod the technical
level and the prospective values of the machine parameters are determined.

Keywords. Bulldozer, dump, working body, histogram, power, traction calculation.

Introduction .

The modern market of construction and road vehiclesiii® glifferent. The volume of
manufactured equipment is steadily growing every year. One of the main types of construction
and road equipment is a bulldozer. This machine has found its application both in primary
earthworks and in the construction of higitys. In the process of construction of buildings,
industrial enterprises, the bulldozer is used for clearing the roadbed and garbage collection. A
bulldozer is a type of earthmoving equipment that can be mounted on a tracked, wheeled or other
special moverthe working equipment of which is a dump, which can be both turntable and non
rotary. For the most part, the machine is used to cut off the upper soil layer of the soil and
transport it to the desired location.

The authors [1,2,3,4,5,6,7,8,9] have depeld recommendations for the design and
improvement of the design of machines.

Along with the main working equipment, additional equipment is used, such as a ripper, a
grubber, a brush cutter.

With the help of brusfeutting equipment, work is carried otdt remove green spaces,
stumps are uprooted with the help of a rooter, and preliminary loosening of frozen and durable
soil is carried out with a ripper. The general view of the bulldozer is shown in Figure 1.
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a) wheel mover; b) crawler mover; c) grubber; d) brush cutter

Figure 1i General view of the bulldozer

The purpose of the study is to develop recommendations on the design of a bulldozet
based on the obtained coefficient of technical level.

The scientific novelty of the work consists in determining the coefficient of the technical
level on the basis of a multivariate analysis of parametric data.

Materials and methods

In order to develop mmmendations on the design of the bulldozer, the use of
StatGraphicsCenturion software is proposed. Multivariate analysis of parametric data was carries
out in the software environment, cluster analysis was carried out, distribution histograms were
constucted.

Resultsand Discussion

In order to form an expert opinion on the level of development and manufacturability of a
technical system, such an indicator as the coefficient of technical level can be used. Knowing th
values of this indicator, it is morékely to say that the object has a high degree of
manufacturability and novelty.

To calculate the values of this indicator, it is necessary to collect statistical data that will
allow their multiparametric analysis. The brands of bulldozers and thetifisption data are
presented in the table below.
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Table 1i Technical characteristics of the bulldozer

DOI 10.52167/16091817

- Brand Weight, tn Power kW Blade width, m| Blade height, m
1 | Bell 700J 14,2 92 3,353 0,998
2 | CATD7R 24,7 179 4,5 1,553
3 | CATD11R 104,6 634 6,35 3,26
4 | Dressta 7/M STD 7,6 55 2,62 0,84
5 | HTZ T-150 9,5 128,7 2,52 0,7
6 | Komatsu WD600 42,8 362 3,5 1,47
7 | BelAZ 50 312 4.8 1,47
8 | Tasmark BKU 20,6 173 3,8 1,3
9 | Baltiets 702 13,4 173 3,8 1,3
10 | Baltiets 703 13,4 173 4.5 1,5
11 | BelAZ-78231 5 360 4,8 1,47
12 | KIROVETS K-702 20,8 173 3,8 1,3
13 | KIROVETS K-703 17 184 4,515 1,43
14 | MoAZ-4048 30,4 264 4,2 1,37
15 | STANISLAV- 704 20 294 3,75 1,3
16 | STANISLAV-DKB1 20 294 3,85 1,3
17 | STANISLAV-DKB2 18 236 3,75 1,3
18 | STANISLAV-DKB3 18 294 3,2 1,1
19 | Tasmark DM15 16,3 173 4515 1,44
20 | Tasmark UDM 2 23 173 3,8 1,3

To estimate the coefficient of the technical level of the bulldozer, we will use the
statistical data processed in the StatGraphicsCenturion application package, presented in Table 2.

Table 2- Multivariate analysis of bulldozers

Blade height, m | Weight, kg Power kW Blade width, m
Quantity 20 20 20 20
Average 1,38 24473,7 236,3 3,99
Variation 0,49 21710,7 125,8 0,84
Coeff of variation 35,6% 88,7% 53,2% 21,1%
Minimum 0,7 5000,0 55,0 2,52
Maximum 3,26 104600, 634,0 6,35
Range 2,56 99600,0 579,0 3,83
Assimetrija 5,34 5,38 2,98 1,38
Excess 10,85 9,26 3,94 2,03
Table 3- Correlation matrix of bulldozer indicators
Blade height, m Weight, kg | Engine pwer, |Blade width, m
kw
Blade feight, m 0,87 0,82 0,88
(20) (20) (20)

Weight, kg 0,87 0,8083 0,67

(20) (20) (20)
Power kW 0,82 0,80 0,69

(20) (20) (20)
Blade width, m |0,88 0,67 0,69

(20) (20) (20)
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As the tabular analysis showed, there is a great dependence bstwbeindicators as
the weight of the bulldozer equal to 0.87, the engine power of the machine equal to 0.82 and th
width of its knife equal to 0.88. This is due to the fact that the discrepancy between these
indicators may lead to the fact that the ti@ticalculation carried out to ensure the operation of
the bulldozer will not meet the requirements for the full functioning of the machine.
In order to determine what is the probability of the machines listed above falling into the same
statistically homgeneous class, you can use the StatGraphics Centurion program tool Euclidear
distance. To do this, let's turn to the data presented in Figure 2.
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Figure 2i Cluster analysis of bulldozers

After conducting a cluster analysis in the StatGraphics Centusoftware, we
determined that from the presented statistical analysis of the data on the bulldozer indicators, |
can be revealed that all models with the exception of the CAT D11R machine belong to the sam
group. The fact that the presented equipmerd m@ included in the group of other machines
can be explained by the fact that its statistical data differ from others by a multiple of three to
five. The presented data allow us to construct the histograms of the distribution shown in Figure
3 and to anlgize them based on the constructed histograms, the data of which are presented i
Table 4.

Table 4- Characteristics of the modal intervals of the bulldozer indicators

Basic values of the interval and it Number of nodel
The name of the indicata limitations UMDET Of NDAels
. in the interval
left edge| center edgq right edge

Machine weight in tons 50 10,0 20,0 12
Power generated, kW 133,5 200 2666 10
Blade width, m 3,13 3,5 3,91 10
Blade height, m 0,66 10 1,33 11

The analysis of the obtained data showed thewiing:

- the mass of equipment with a limited interval on the right side equal to 20000 kg and on
the left side equal to 5000 kg has an average value equal to 10000 kg;

- the power generated by the unit has its average value equal to 200,000 watts;

77



DOLssd mOBOth r)n2023~ 3 I$SNA@L817(Print) The Bulletin of KazATC
l iMmlsdzd ¢ s OL ¢ 2023 3 ( IS3N627965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

- themodal interval of the statistical value of the width of the working equipment of the
machine is 3500 mm;

- the middle of the interval of the statistical value of the height of the working equipment
on the visor is 1000 mm.
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a) the mass of the bulldozer, tons; b) the power developed by the bulldozer kW; c) the width of
the bulldozer blade, m; the height of the bulldozer blade, m.

Figure 3 - Is a histogram of the distrikon of the bulldozer indicators

By conducting research in the StatGraphicsCenturion application package and obtaining
data that are reflected in the results of a multiparametric analysis, a matrix of statistical
interrelation of indicators, a characteigsdf the average values of the object under study, they
can solve the problem of determining the level of technical progression of technology or the
coefficient of technical level.

To determine the KTL, we will use the known equations.

i mbi;

- b J.'||-'
RI'LBZ}’bb_;[+ F.-;ﬁ"‘ Yot ¥m (3.1)

By m;

G HJ¥, In, On, Om T accordingly, the weighting coefficients of the indicators are the width
of the blade, power, height of the blade, mass;

bui, Noi, hoi, Mei T accordingly, the basic values of the indicators are blade width, power,
blade height, rass. The calculated values are shown in Table 5.

The values of the basic indicators, criteria of significance and the weighting coefficient of
the bulldozer are presented in Table 5, and the calculated values of the technical indicators of the
KTU are presnted in Table 6.
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) Indicator Basic value Significance Weighting
criterion factor
1 | Weight, tons 10 0,6 0,179
2 | Power, kW 200 0,85 0,255
3 | Blade width, m 3,5 0,9 0,268
4 | Height, tone 1 1 0,298
Table 6- Calculated values of the KTL bulldozer indicator
- Brand KTL (m) | KTL (N) | KTL (b) | KTL (h) KTL
(gen
1 Bell 700J 0,125 0,117 0,256 0,297 0,79
2 | CATD7R 0,072 0,228 0,344 0,462 1,1
3 | CATDI1IR 0,072 0,228 0,344 0,462 1,10
4 | Dressta 7M STD 0,234 0,070 0,200 0,250 0,75
5 HTZ T-150 0,187 0,164 0,192 0,208 0,75
6 Komatsu WD600 0,041 0,461 0,268 0,438 1,2
7 BelAZ 0,035 0,397 0,367 0,438 1,23
8 | Tasmark BKU 0,086 0,220 0,290 0,387 0,98
9 Baltiets 702 0,133 0,220 0,290 0,387 1,03
10 | Baltiets 703 0,133 0,220 0,344 0,447 1,14
11 | BelAZ-78231 0,358 0,459 0,367 0,438 1,62
12 | KIROVETS K-702 0,086 0,220 0,290 0,387 0,98
13 | KIROVETS K-703 0,105 0,234 0,345 0,426 1,11
14 | MoAZ-4048 0,058 0,336 0,321 0,408 1,12
15 | STANISLAV- 704 0,089 0,374 0,287 0,387 1,13
16 | STANISLAV-DKB1 0,0895 0,374 0,294 0,387 1,14
17 | STANISLAV-DKB2 0,099 0,300 0,287 0,387 1,07
18 | STANISLAV-DKB3 0,099 0,374 0,245 0,327 1,04
19 | Tasmark DM15 0,109 0,220 0,345 0,429 1,1
20 | Tasmark UDM 2 0,077 0,220 0,290 0,387 0,97

g onclusion

For bulldozers, promising models with a high KTL index include the following models:

1. BelAZ-7823;

2. Komatsu WD600;

3. STANISLAV-704-BKU.

According to the promising indicators of the machines, drawing works were carried out,

according to gemal types. Thus, the promising indicators of the bulldozer are the following:

- the engine power should be 312 kW with a total weight of 50 tons, a blade width of 4.8

meters and a blade height of 1.47 meters;

- the engine power should be 362 kW with anrallaveight of 42 tons, a blade width of

3.5 meters and a blade height of 1.47 meters;

- the engine power should be 194 kW with an overall weight of 20 tons, a blade width of

3.75 meters and a blade height of 1.3 meters
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STRATEGY OF DEVELOPMENT AND MANAGEMENT OF
INTEGRATED LOGISTICS CENTERS IN THE REGIONS

Abstract. Accordingto the Ministry of agricultureas of 07/30/2022 the averagewear
andtearof the machineandtractorfleetis about80%. Of these the shareof the mostcommonly
usedmaintypesof equipmentusedover 15 yearsof age):tractors- 79%, combineharvesters
54%,seylocks 86%,jacks- 63%.

If the requiredlevel of TechnologyUpgradeis warmingup to 10 6 12.5 percent,the
replacementis currently 1 6 Bercent.The lack of energyintensive tractors and agricultural
machineryleadsto a decreasdan productionvolumes,which leadsto the use of simplified
cultivation schemesvhen agriculturaltechnologyis violated, optimal deadlinesfor continuous
work, high labor costsand, as a result, high productioncostsat all stagesof crop production,
harvestingprocessingstorageanda decreasé productivity.

The subject of the study is the processesof organization and improvement of
organizational and economic relations between maintenanceenterprisesand agricdtural
produceronthefarmsof theregion.

Thetaskof modernizingthe materialandtechnicalbaseof Agricultureis includedin the
strategyfor thedevelopmenof theagroeindustrialcomplexof the Republic.An importantrole in
the systemof solving the problemof efficient useof equipmentin rural areasis playedby the
organizationof specializednachineandtractorlogistics centers.They increasethe productivity
and quality of machinesthat today are equippedwith information technologies,comple
electronic and hydraulic systems. This requires reliable compliance with all operational
characteristicoof machinesfrom the engineeringand technical systemof the agreindustrial
complex.

Keywords. Agricultural, machineandtractor,wear,repair,maintenancelogistics.
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(MeMmr BOdzr , OGtej GOISOzODOdz Y Ddzj Is. B. ) Y"dgr fr
Dtcj CjJIslsjtc IsptcksbB] Bsfze Bt |CJ C'tejBjte' M’ B
Y BLOOMXOIsT gz Bz sfptemtzk stcOdzdzr W Csdzmistez C ygdw mr s
dJ. dbtcy Odz" YIsOtcH OD T E L Y BSdzH Ote dzd dz % J € 4 i t5dz
mMtejlsj CtcOdedzr W Mr L BOMr CeteMmjls’ dze j dz:

Kenip Kabuna

Kabendi banaban
Ayx aphace
Aypic apbanaps

Tinex

Kemepy duixmiz

Koneon pasindsizst Apanmik Koneon pasindsiast Kpan nezist

2 Mz Ok CtkOdd d W MR j &OMr
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CCtcOdzH O Oty Odz IsOtclsy tizb OdzB O’ RA'BO s jolsiziods* B Otc

dzj 6' L " dzgj dz Okr" t6 X D dzj stelsOh O YyNngljte 1Uh*' dz Y tsdzt
Otclsr yh rQmyoQdz lsOtclslkz dijrnOdzdL d3' OteB Oder W BOMMOMr dz
O2s0Otedzr YIsO2 OLO2IszDO BN BE" dzH' & dej'tezgndz i 48 52 7T &
hjCljlzdzjteH' ¥ BBkzOk"™ dzO BOdeOdszr]lsr 3" dzH ©2 Mmnaj o3
Yy sdzd3j dz OteB Oder W Y tsSLDOdz fiyr &Il BS " dg, Mtsde” d3j dz Y OlsC
BjrOdeL dB3H jto' dz Y JdzOY sOEZHO Yd" dzgH'" YIsOte B Ots. [ " dzH C
Y ®O B3O MIs O dz, OtcY Odz IsOtclsyr hr B Ot OtcB OdzOto ¢ h ¢
BB nOdzedL BH jto" dz2 Y ddzOYIsOk yYdr dzH' YIsOte" dzO B O2 dzOdz" fyls
Ctsdemilstcz C ydw dzOter dzH © OMY Odz"r OteB OdzOtc Yy sdzH Odgr dzOH T .

O Odzr CtcOdede" ¥ HJdzOd3d ¢ Odz' vy rdslighdg’ dz' 3O sy tdafz® d&H j |
dzll Clsjdzjte yn2jfm' BOW MpDdzj BOY'™ d&zZOEZH'™ YOxdl Jlsjils’

rn2jd v B3in0OdedC Odzr v dBsH| dz' .

StcOdzH OtgH T BsHjdz HjEz ©O) MmMEztejllsy CEeEteMmjls’ dze j dal
YSdZHOdzz M o' § § j Mz tcy t5izH & de'daizO 1§ "idz 0O del3 jSdis SteogifdzO Is Is ¢
CetwMdlsils" dz iMJyflsy dzcjdz d3j mn Oded $ Oz" ¥ Mnr Jd d30H Odz B)

Q) B )
S gl Odudzd3y ~» Oded € Odzr vy fm" dzs Oy

1Tvdz o oyn2yj Nh' dz dezPphOOw v O 3 6 dzj f tslsj dzyd Odzu r
ifMmMitflsjdzils' dz [ OcteOdzey (BsH | dz' Y OffGdeB'Odzf W5 ](.5B i § €z
Isj d3' toy tsdzH OnNli dp@ddsFRPT Is * w2i i@ dRER('C s W EL j Sij ' dz22 w
' C 3D dzj Oty Odz Ot Oy @ PO zdzBY to" il Odzim OB Y wiste! dz
Okr Mist oz .

1 h' Ysted®kzdzOHO SddzjlsdSOd v {dzjtecdy kjwHjk O

T= %mu:, )

3" dzgH @ OPBOMiITQ, dzH ORBHBIY] dzj dz' W Cddzj sd.C Odzr v {1 dzgj tec(d
I ndzyjteHj nhwujda, OteB O, BOWIsdzdS ¥ bDdzj Otcy Odz B C
OB Odzr WS ddzj IS S Oczr Y dgj tecdwfr
T, = ZMi?. )
[OWIsded SIs' W IstcOdefpdzw ydwdzr v CddzjIsdS Odzr v { dzj tee d
T, = %ml[lfé: + 210% cos(8) + i2), (3)
BOWIsdzd S Otey Oz’ dz' W bteOdamdzy ydwdzr v SqddzjlsdSOdz vy + dz
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T, = m, (21262 + 18k cos(6) +42). (4)
[ OV Is dzePsly ‘OHBR e it toc d W '

T, = -m, 0% (5)
(D dEOW Is dzQ MzOuiAg ts e W fyr

T, = %mlﬁz\': Gr:), (6)
B dzH OB OMT RO &ZHOIREBKH dadz' M) 2 BOde' W t©€OHJ M

rt2jd2 6 pdzjzjlsls' 1 dzgjtecdwfyr
codzd, yH2j Mjte' §4j &jd BOVIsddSls] bdjkjlsl

U, = ~Kx?, (7)
B"d&z MKrfgHte fjdz Is"twOylsr. [OwldadSIls'" W pdzj 2] Isls
U, = —glcos(8) (ml +mT‘), (8)

B dzH POLOs JlsOYydwdzr' ¥ HHjEZ hOBBOMr dz B dzH * toj H
C 2l @O Isj WH k" .
sdL Sjdzejdz yn?2jdzg v dzOegtcOdgyH" WhkdS ydwmr C
L=T-U, )
[ v dgn @OC d dzj Is oz v fd&) @ bl v, ts 1©) day qyO dg Slstdedz Yz B H J «
nh' dg,
L=T 4T+ T+ T+ T — Uy — U, =M% 4 2m (51767 + 18 cos(8) + 37 ) + 2m, (1767 +

Z Mz

2187 cos(8) +i:}+im:{:|§': +$mj_|§': (Er:) + gl cos(@) {mL+T') —ff-{x:

(10)
C2dzf @CtcOdpy bjwHjbdjte' Sjdjfm jwnjbk Oty d
i a.L aL
E(a_q) —3 O (11)

B dzH PP Oz ¥ &ZOZOOdz jtcGC " dzgH' € HDtEj ) J dzj WZHEZzE B '
HDtej Y ' fnODte] BEOWj d&j <, IsjWUH]jlZH ] dz

sE)-%=o (12)
Z(%)-==0 (13)

(12) Y D dzj Is(O1e3 )dzOHDO telzfgG YO dzd € O dz"' Y-/ QFsteaQadizy 9 j ¥
Odzr dzH ' .

G124 + [xlcos(8) + glfisin(6)]B= 0, (14)

xC — [éicc;ls[ﬁ'] — Eésinﬁ'] B+ Kx=0, (15)
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3" dzH O,
a=(my+72) 420 (16)
B=m, -I-mT:, 17)
C=my+m, +M. (18)

#OdzH"™ 2 BtsH J dz' .

StcOdzdzr W MOdzH ™ ¥ B H jdg tela jye''tclzls "ty O ydis rls jdgoHdeHzj toH
Csi WWdydjdalslsjtoHn' W dzOyIsT dBBbdgH jto' Y tsdzH Odgr dzOH T . )
Oty ™ dzr Odzr dzgH ' .

UjVWHjEdzjteH' v St WWdydjdalslsj to BSHJjdz Hidzi Is' dz
Bsdzr f IsOB" dzOHTr . 1" teC j dzClzj e Y W I jofi deapg Ock@IsPls Is gz if |
OdzH 3 dz J M fIsj dz' dzn ' :

1) r 1S Ot Ofr & W MOdkzKBODr O

M % 025-0Q,

B dzH QE ' Odzzl @ SESj to'CdgH ' &2 &
2)p oy Odaulwis 1 dzr O

K =EF,

& YlsOdHT [16]:

3" dzH ©®B 2 - 10! [1a fomaTTEH cepmiMAITiE MoV,
F — apKaHHBLIH ANkl KelJeHeH KMMACLIHEIH ayIaHul

1 jWEfsH | dzisw jo®fosdzh | to

[ Ddz [ OodzO M

| =10[ o]

g = 9.81 [ ¢
K = 40 [ S/
my =20 10°[K(]

m, = 12001 [Kg]

M =5 10° [Kg]

r =1

[Mr dpdeHjteH' (14) Pledjn®(es) clsf WH j kdzj to° dzj

(5886 + 20.6 sin(f) + 21.6 ¥cos(F))-10%=0, (19)
(32.6 ¥ — 20.6 8%sin(#) + 20.6 fcos(8) + 39,9x)-10% = 0. (20)

1 OO yr hOwllsOteH Odg YIsOk nh' dz yn2jd' w sl
BiSdzOH " . 1"z dBBsHjdzr H] tdz j¢° BEd CIlsjdz IS"tOH" :
B'"tgr hr dze dze | sjwvw BtsdzzO0DOdz CjLHJ BV eazdC § § dz
s s dzr Y fts5lsj dzyd Oczh © y Ldzj eEdwfmr dz Cjdzjm' Hjo?2

(5886 + 20.6 sin(f) + 20.6 ¥cos(8))-10°= 0 (19) X D dp2.6 ¥ — 20.6 8%sin(8) +
20.6 Bcos(8) + 40x)-10% = 0 (20)
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Up=U, +1, =—gicns(8](ml+mfj+%ﬁ'x:. (21)

U"teOYIsr &zOteHT W MOdzHT Y dB@BpodeH jto' dz Okr MisOtckz
B ARBE " dgH" € BjtejH'

Ur = —0.19514 cos(#) + 50x*. (22)

) 3 D dzd (20) sSjWHjREkdjte YN2jif" d &GOIsJ
L, Oz stedlsdz CBSHISOtST ISEdgd dgH j G J dzls® to'
ss© bpDH " dgj wWgj.dz h jh"

j YOB'" dzZHO2 Od&OIsr dz { dzgj e dwde’ W hjCm' L

mMyoOodz YN122jcJd 02 &ZOdzdzO22 IsT dzH Ote D OO Yy LT
O&OQHf, wWodegd. BOWIsdzdCIls' w BOMISOfY"™ SN2
dp B x> H dsz:str]J ys00dzkr, HJjdBI S, BOt
- dz-GQ, IHJj2" dzg6' BDdgH jtcH' OdzEDO BESA&ZOHT ,
‘-d»ypdzy [ Mr dDdAZHjteH jdz O, O, 1 ypdzafj O, 2 1 daj
dZls Z te ZOtcHBE S AAO'HEEZ D Q) 6 J o Odz" Y IsOBOdzr v yn2dji (d
BOWIsded CIs' ¥ 02 d&z0dzk stclsiPdds pls lsizih Oy sw faR'dAD Y 6 dzj o
HiWe]2dhkt, s@gz 4h Ilitedz { dgjteedV HJjWEJ2Q2' dg' W

N %
&D’
L®) - ©

Q—

L)
O]

ﬂ::r‘-_\co
8
T
Q.

G~ Q08
Q=
&
(7}
O
=

4 Mzl dzyd OdzH " dz9 qaj efg'ddz" MOy QEOIBOY B JIs' B)
gL tsmr L ylsOter

DOhYy' hOwllksOteH' OdF YlsO2 tsisrter §f dze dzH ' §

ksdr O dfndztcy BisQlE" dzcte®W S Mmdwylsr ), sfr
6j yqOdH' Nhjhbk 1Otkdr wOMsaY Yyt >3 OtH@O S
bdzjte. 3wW002dz dzr y 1N ' dz ddsp df , dzewide j 11 his jow X
jdz BOMOfyr hOklklkOts

¢

r

w
w
H

@ oo
gc =3

dz
Y
J
d
a3

T T <

r

2 CiMmMBfMsOfYr hOtlslOts

) OfMls O PWs'ls Is O

x(0)

#(0) =0

g0y =0

8(0) =0

Frdqwwjtejdydoditeyy BI phiddaimifisjkz CjL " dH] F

sEtls YsdzHOd "0l d2 BOld yoOds Y Odilsdlsr dz Yy " t
lsd ' " dziyp g sdzOIsr dz 02 dz'¥ BOdzr d&ZOwH'™ W h jh ' &3 B S
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LT deH [P0 dzy  f O DHIE B, d3 jcfis 'l tc dz' CsdsBd dzOydw dzOter B (
NNECIsjd3dd bjteBjdz MIsjte' dz w yd' dz' 6" dz Odg YIsOk nh' dz
nNHh*dz spy " tedej ytsmf Oter yYy"ter dznr . [ telsOdzr ¥ Ctdif tsL d
L ey jtoddizd dzlsls jIss', W L eind 'Jj tce 'd3j AzsWGE j 2 dz' W BtelsOmr dz w
ShnhteH] BGdOzOME" d3dj dz ¥ pdzy HD22JSCIEJBBEH] MHOdz H2R20 H3
1L CMmMf jtedd3j delslsj toH ' W »y Odatfies ' GO OCEtsBEBIZW" H J-RG ] 2 dzj to
WOSCISStedzOteH" W  MOdz'r H' D¢ toy Bfadlzr W O w O diz X<l w 3O
BBd&zZH' . 1 OQtedzr v W OCIststedzOtc B ' tc ZOY' SIsO ELGJtoH" .

3 C jChRlshif j ed d3j delsls' Y 5B OOk EOlstedyOMm:

CCMmY Jd tsqx,B" to' dgh Xx,- Je(xng X,-CElsj ol y-
WOoCIktste OCItstc iMOdzZ&zOGOBd"' CIs' ¢|) Ok Of
¢g a3

-1 T dzefp 1 |1 dz¢efy 1 20 10° 8 0.91
-2 [ ddezfm 1|1 dze g 1 5- 103 8 27.75
-3 1 dzsfp 1 [fddezfyp 1 |20 10° 2 1.43
-4 [ ddezfy 1|f ddzzfy 1 |5 10° 2 32.89

Ivdz jMmiflik 1 CMYfjted dizgd delstsyjyH zts Qi dz  YstsozHd@ESRERE O
YOO Bjls' dz Is"tedDr Lk Oty  dz@ ynuClk'w IjteBjd i xd°
BZOMMOMr dz©@ IspkzjdzH' dz' ¢' dz J dzj s j ke j BtsdzOH " . [n
siteBddz' M Yd'  dz CSlsjtc’" dz BSA&ZH' 3Ok X zdzjOL OBz O} &

A

OtcY Odz "L " dgH" OF Bj dz e ls,;d34 BOMMOMr dz@ v € sd3B d dzO-
DL "tedzj 26§ BN ABE dzgH' € BJjtejH" .

1 DIsdyd dzj ts.

[ 2oz S Odzr' v JMmitflsikH' W dzgie' Le" & dgHjls' 1 dzj o3
Odz" YIsOkZ BBdzr f IsOB" dzOH T Y U drpaijlsdAsts jOlzH ‘Y tols @B figid
sjteBjdz' Misjte' dz W yd' dz' Slsjtc' dz W " YIsddzdOdz Mmp2¢j Mmls
Y ODHO2HO QtGOdZer\U B IsOdzdz y "ter dz" 3 dzf W IsjteB § dz' fr
YSLOOMOIs" dz y"ter dz"@ dgH " y 1 dzj &3 dzlsls j to HQdEz dzOkE'™ Y 7 j C
Nq'dzt Clsj e d30>|B||tedz‘ IsjteB jdz' MisjteH W yd' dz CIsjtc’
Odz' YIsOE nh" dz fMswor 1 dzj 3j dzlslsjtc pH' M dz ypdai y"yoO
OdzOdzd Isd € Odzr y Etodzj SIsj toH ' YBdZHORZZDO BSEOHT . rm
BodzH j o' dgf " OF Mz dzOtHT jMif<Cj OdkzkHrvw jdzjkzd bDfMmjte

SEf"tc MpkdzjMmM' dz' W HJZOBISEC OM" dz dBSHjdz HjE X Ddzgj
nastran/ PATRAN BODHOtedzO®BOd& ¥ Y OMOYlSO®BBOM" Y tsdzH O
ELJC L dzj d3j dzlsls § o' dzj@Ez" OV ®zn v Is@a){'lg@tﬂ;“ dz@dsyY s CB"tcr
y"elter d W 'yt 1dzj d3j dalslsi-iglztiz] Wis )y d BOQUzdz@diL PO HEOC
BsH j dz'

5 MmkedeitlsOdzr Cef " t6° Y OYISOk" dzr w y"te" dzf d3"
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] stelsOdz Otcy Oczr OF dzf W Y d BOkOtr Y sy 0
sls’ tor f ttedzOlIsT dzh' , jMiflsjkz nh " d ¢ to
- it BH' & § - BEskzd E= 2,1
- 1eOMMsde Csu¥E3ydj dzls®
1 s5dzOls s p=r7800/mc YJBOEZOWH' W CEjtsdjlstedW dz

OolssdiOlsls IslteHjlsl iy EhEad venfE®sls0kon: ¢ E tof

Is OD jodej v
" kOl j ted

6 MkisddsOdr Vv ¢jsdjlstedwdr v Mmdyf Olsls Odst

1DIsd)yjMm"  dzHj OMmMf Odzr CtcOde dz € sdzefistcliz§ dgf dzlfs)ls
BSHJj &z HijE BsSHjd& 52 1dzjdgj delslsjdz s"tenr , 101
MisOls d $XPmatzyy d3j dzh * CIs* sjteBjdz' MIsjte ISOWHOdMzH' .
dzpIsdy j dzjteH' W B OtOBOtdz O dz B " tedZOZOBO2Isr dz' dz
s"tcD" i) dzgOdz OL hr O" dgH' Btsdzr f IsOB'" dzOIs™ dzg dz OlsC

v Odzy r dZOL .

Fqud jtojdydOdHr VY Isj WH ] Hdzjids ds0ICds ' jdz G ets ogE
(20) PYTHON GtlOfmr dzi® Ok' lsyk h Od&OMm"T d b daj
h OBOWLOLH' W EOY' s B2 dgh O E-Lindzjtetg s Ishj o O cBydidisaiy
CeEwfmjls' d¢j d

0.20 4

o 0001

-0.05 -

-0.10 A

-0.15 1

-0.20

0 10 20 30 40 50 60
t

7 feeldsls j &3j f}' B O Otey Odzdde W b LG tddzy 1 qBO'Ctds C
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. A

05 1

s A

-2.0

t

8 Mmbkraljds OteB OMr dzr w ytsLOOdz ff CststcH d dzOIslsOter dz E

5fibtejlslsj ¢’ HJOCLOBKBOLOLH ' IsOfize Db HEED i ipoo dzdz'
BOS g BOd&ZHT Okrlsykrdr w d&pds O2yrdz SEtel dagad ', HJ
sjifsjwH' C Cu2' dzj dz KOS Mg kOdzHT Ok' Isykr 1,8 o y"©O

) O2HOd yNCk'w IjwBjd M Yd & ¢' ' d jmifjkz n
wd' & € d2 Wk dzC yd il g W) 3 @)OF dederjvks ' 1 L(T9dzH T DT 03
f Qe OBy stodzj to' dzj dz MOdz dzH T .

2 3 4 5 3 7 8 6000 8000 10000 12000 14000 16000 18000 20000
m iy

9 MEMORII Odr YNSk'w kjtjd ) yd' d& ¢ d' W ¥k ds

rfitce’ L' dze j dz iMmMifjk Otcy Odzdz" W LT dgH" O
CtsdB ddzOydw™ dzOte™ dzi OD' §O2HOd NNSk' W kjwejd Msjts
2 d& Ybpdzgj MEPEBOR" 240 j W Cl§e dzfjjdzc ] € jdslz'delz CEtefmj sils® |,
ML dgH" O 2 B yooig e MOR®Ppr 36 |y jYW YO0t 3D da
Y sdzH OdzO0 IS jtedzdj, dz Sy ILS Is j d3d Y ODHO2" dzH O D dzj Otcy
fO2HOd YNCk'w Ikjwsjd M yd' & '¢' oo @i YHOOEUA
sjteBjd Misjten' W yd' & ¢ Mp2SjM' Chkjte' dz2 ZOYIsr dr «
BIBS deH' € BjjH', & MOd , {djClkt YsSLODOdSY'™ hr d
Cisd®jbedvmr d ELCjteskz Oty dr .

stcOdz OteY Odzr O dzr W BJjte' €Is" 6" dz IsOdzH Oz .

O MY Oczr df WOy "te" oz 3 dz MisOLdC Odzr v -mgtmjllsjz
CeEteMmj s’ dz¢ j d.
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(NON-LAYERED)

PO PR BN S

10 MeHPlEcQB3EA@ NSz yd™ HiVWBEGGOGEOBHEONE)

SjtedzHl e stcdBOYdW dzOdzOIsr dz S 2H' IsOdzH Ok y " ter
Ctsi WWdydjdads' dz € E tefjdlsozh,’  tff) dalzQ.26 OB Az GFSUIP  d3d
NYdlsjgH", B"dz Bjte' SIs'" € C tsk=W8W @8d j4dBlD' d4j) GnpR € gz@
Oty Odzr 0" dzf W BOS fiyd RCd3R fam, OIB}FL;JW%}‘, Y Olslsr dz" y h «
MD2C i M CE@GSOGdHL V¥ LOKBY Odz Y s Ots.

stcOdz Oty Odzr Or dz" ¥ lsOBdOd IkjtBjdz' i 3 d' dz' ¢

11fMkztcjlslsj CtcOdeder W HIdLO2dzr CEtefj s’ dze j dz, (
CtcOdzgdzr W HjWBtedgOYydvw fmr CEeEteMmjls’ dzec j dz

g 3.33.02
L Sane —0 e P,
\? Iy — \“ ooy
) T 4 -~
N N OSSUen
S Sy — —t
L _?‘ﬂf R —
g \V Py
Fringe: SC1:DEFAULT, A1:Mode 6: Freq.=1.0435, Eigenvectors, Translational, Magnitude, (NON-L
Deform: SC1:DEFAULT, A1:Mode 6: Freq.=1.0435, Eigenvectors, Translational,
3.28-02 N
e\ T
\7“\.'. we R
] T i ———— G 321 e
Dy ) ., ¥y N
‘ N ) Ty, o \: ’
VTN o \ * ¢ Y/ iy
e s N\ e ‘ v e g
: \ . % J THA
A p N2.19-02 15> A e
V |

11 fletPHz Y "t d o3 dz¥ W IsjteB j 2 Mlsjtc' dg W

1 "te'dpdz 0, 218
Nnels'w IsOsdod Isjts
ElsY jd fsu@misd 2
SOdzH Ok Y OxJlIs.

Yy, Odz Odzlsr dz"r HBpdz 3, 288
Bjd' g yd'd Sljte' dzgj Elj y
ndg’ O NClh' v IjtBjd i Cuh

Dister IS™ dgH " .

riitceg' L' " dzéjdz L jtelslsjlzdzjte dzgje' L " dgHj €j dzj iy

1) rnge Celjte hls' @ 20 IstsdzdzO dzr -yO'fiplfyO ddpr W
BOIls j 3OIsd ¢ Odz" y BBtsH jdz' dz2 DL " tedzjz X D dzj HWWj
Odzc stcdIsdz’ dz Qo lstsBOISISOdzH " o SOEOdetzwY Y Bic ® Ofr )k
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CtecOWdSIsjte" dz Yy"tekzDO Il d3¢ " dzH ' € BjtH' . 1% Yy Odedz" w
OteB Odz" W Okrilsykr 1,5 d3 BBdzH " .
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DEVELOPMENT AND COMPUTER MODELING OF A MATHEMATICAL MODEL
OF THE DYNA MIC BEHAVIOR OF WEIGHTS OF OVERHEAD CRANE BEAMS

Abstract. In the mining industrygantry cranesare used for lifting and transporting
heavy loads during the technological processes of mining and enrichment ofDacks the
operation of the crane, urgleble effects such as the rocking of the payload occur, which in
turn affects the dynamic state of the crane beam. The purpose of the article was to investigate the
dynamic rolling parameters of the payload and the oscillation parameters of the cranénbea
order to determine the natural frequencies and their evaluation for further analysis of the
occurrence of the resonance phenomenon. In order to solve this problem, a mathematical model
of the system was developed, which consists of two degreesdbfre To find a solution to the
differential equation describing the payload, the Rukg#a numerical method was
automatically applied. The results of solving the equation were graphs of changes in the angle of
deviation of the cable from the vertical dathe movement of the trolley. To identify the
influence of different combinations of the combination of payload mass and cable length on
oscillation frequencies, a computational experiment was carried out and the response surface of
the oscillation frequecy function was constructed. The natural oscillation frequencies of the
beam were determined by the finite element method in the NASTRAN program. In the course of
computer modeling, they showed the corresponding oscillation frequencies and the prdximity o
the crane design, which means that it requires further study of the frequency behavior of the
crane beam to the defect of the payload oscillation.

Keywords. Gantry crane, model, dynamics, computational experiment, oscillation
frequency, eigenforms, NASIAN.
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Eron(£) = S @uccns () — Qrosaa ()]t + 2Tmin. (3)
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fstels@gg@ t ) Y NE ODrdFF fORHO BBXOHT . (&' BlFdHT
Oz BOY Ot &z0 CEh "tk jMjB ' dzjdz jJw kOfh' > 00OkOL
Y2 O dz OO sOtH BOWK' dzh O GOO?2 i KOBEL ARG dzH °
DCilskH' W B ' € j &' WkdSyddmls' ¢' BEW,jte' d' W Wk de-
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f O2HOkOMZE ) tsdzH Oter f O2HO&zOMZr &z O) . 1 Otcdzr ¥y I
Mdf Olsls OdzOH T :
f;es Qruu dt = f;65 Qucrm At = f;es Qyn dt (4)
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1 Dilsdyj dzj te.

iﬁ]r zo2h 0, 3 MmMikzttjllsj CEetMmjls’ dzc j dzH sOdkzH Ok 1 €
Y B2 BORdz] &3' d2 W HJddZOBIJS Odzr vy Y"twOdBBHOM BEM ¢' d2' W Y
CdL " "dzH] YBR 3OB@YEB d'nw J\UVﬂith!Bg)thledglinZer]tG‘erw CE
OfmMf O2Isr dgr dz CSEtclzecj BBAEZOHT .

r 4 &gd ¢, ISJ\’J'L Ctsdzlsj 2dzj 6 Isj ted3sd dzOdz" dz" w M 27 d3H
Cddzjm" Etds €I BJtjH'  :

Q‘.ECI:I.T T:ar:': _ ‘*'I-L'PTE,HR'.' —_ T:ar:':
v 4By 4 s —V(Tm+1). (7)
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Um o 59, sjw' L Ctsdalsj2dzjtc Isjted3dd dzOdzr dz" w B3OS Md BBOdzH T
CJdzifm" Etcde $Is° BJjtoj H' :

E<v +Zurloe _ (8)
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Olsy OtcOH ' . D" gD Odpj tdf SyctsAscz@M Cdwdels jQE dzj B8' dz' W H d dzO d3d ¢
ydfmrordz y"wo2ry (Mmktjls. 4).
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1 Oz

| t

4 fme@EEgbyr (T dH' V) sjtedsd zOdz Y2 BOM" SCEdzj &5 dz W

D cOPYEls Y2 BOMT SCEdjd & W HJRZOBIC O Y YUt
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Cjdjfm' EtedzjSls’ BjtjH'

ez, Tear NVTm
E < Vi + P = Vg + 70 = Vo (224 1) 9)
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MATHEMATICAL MODELING OF TECHNOLOGICAL INTERACTION OF MARINE
AND REAR CONTAINER TERMINALS

Abstract. The relevance of the study of the problem of interaction between rail and sea
transport in port tragport hubs is explained by its direct impact on improving the quality of life
of people and the importance for the development of the entire transport complex of the state
increasing the efficiency of its workihe article is devoted to the issues of teathgical
interaction of sea and rear container terminals in the framework of planning the operation of
land-based cargo distribution network§he main objective of the study is to obtain the
necessary information about the level of technological interadietween the sea and rear
container terminals in a twiink system and the parameters of terminal warehouses and to
analyze the development of a mechanism for the formation of cargo volume in the warehouse o
the sea and rear container termialalytical methods have been used to derive a formula for
calculating the maximum capacity of terminal warehouses and to determine the values of the
base capacity of warehouses of sea and rear terminals for export and import directions
Mathematical modeling metkls were used to build a simulation model of aitumé system: a
marine terminal a rear terminal, which allows to assess the impact of the uneven arrival of
vehicles on the amount of the required volume of warehouses of the marine and rear terminal:
This makes it possible to minimize the port storage areas, the fleet of transshipment equipmer
and ensures a rational distribution of the volume of work of transshipment equipment with a
proportionate response to changes in the size and frequency of tiiedeshipments to the
terminal. The results of the study can be used for optimal planning of the operation of sea
transport and infrastructure facilities of the seaport.

Keywords. Containers, seaports, cargo front, rear terminals, planning, simulation
modeling, cargo distribution networks, cargo flow, dry port.
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NEW OPPORTUNITIES AND PROSPECTS FOR REALIZING THE TRANSIT AND
EXPORT POTENTIAL OF KAZAKHSTAN

Abstract. The article presents ways for further improvement and growth of transit traffic,
increasing the efficiency of using the carrying capacity of the countarisgort system, and
motivating their reproduction. Transit routes passing through the territory of the state fit into the
policy of the state and allow the implementation of the designated strategies in positioning the
rapidly accelerating world in its delopment [1]. Kazakhstan has an advantageous location of
the transcontinental bridge. Its location at the crossroads of Europe and Asia makes it possible to
use cargo flows for transit, which will bring economic and other benefits. Kazakhstan, correctly
using its position, not only earns through transit, but can also develop regions by attracting them
to the exchange of goods, creating local production of goods that are in demand in the foreign
market, which would also allow it to take a strategically atkgeous place for the development
of multimodal logistics . Such an advantageous geographical position in the land corridor
between Europe and Asia will make this route attractive as an economical alternative corridor in
the direction of Southeast Asi&€hina- Central Asia Europe.

Keywords. Freight traffic, logistics, hub, Trafsazakhstan railway, transnational trade,
large transit.
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EVALUATION OF THE EFFECTIVENESS OF INNOVATIVE BLOCKCHAIN
TECHNOLOGIES IN THE GLOBAL CONTAINER TRANSPORTATION MARKET

Abstract. The article examines innovative blockchain technologies used in the global
container transportation mark&te review article exmines innovative blockchain technologies
used in The rapidly developing blockchain technologies in logistics are designed to systematize
the transportation management process based on the consolidation of all jestitiess
involved in the supply chai The use of blockchain technology in the container transportation
system as a tool for improving the transport logistics system will significantly simplify and
accelerate a wide range of logistics processes, solve the problem in communications betwee
swply chain participants, reduce the cost of transportation in this Breaising digital
technological solutions of a number of the largest container transport operators for the
implementation of blockchain platforms in the global containerization deeéelon the basis of
blockchain technology have been identified and their effectiveness has been evahiateihs
based on blockchain technology for the container transportation industry using digital currency
and optimizing the redistribution of cagitto increase the efficiency of companies in the
shipping industry are consideredin open system built on the basis of creating cryptographic
protection of data and implemented in security mode allows you to optimize the search for
carriers, minimize theost of time and money, eliminate hacker attacks on a simple interface.

Keywords. Containerization, container turnover, container transportation system, supply
chain, digital transformation, business process, blockchain technology, sea container terminals
blockchain platforms, crypto projects digital currency.

Introduction.

In modern conditions of economic development, the innovative and rapidly developing
blockchain technology has found wide application in various industries and at present, the rang:
of transport services representing the highest possibilities of automation of business processes
determined by the need to use digital logistics in the transport business. In the global containe
transportation market, this is dictated by the pressingess®f competitiveness of transport
companies in this area.

According to a Fortune Business Insights report, the main reason for the growth of the
global blockchain technology market is that more and more enterprises around the world are
increasing theirnvestments in blockchain research and development from within. The current
market for blockchakbased solutions is growing at a rapid pace. The dynamics of the market in
guestion can be approximately represented in Figure 1. Transport processes waitiecoatgo
flows are aggravated due to the minimum speed of logistics cycles in supply chains; long
duration and the presence of errors in document flow and issues of cargo safety.

Currently, in the container cargo transportation system, problems aig foaimd with
the use of a fragmented system for processing and presenting information between partners
the logistics chains of the transport process, causing an increase in transformational an
transaction costs and an increase in the logistics cyceaevhasle.
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Global Blockchain Technology Market Size, 2015-2025 (US$ Million)
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Figure 1- Growth dynamics of the global blockchain technology market

The length of logistics chains and the final price of complex services in the container
cargo transportation system is determined by the number of logistics intermedradi¢he
rhythm of interaction between participants in the transport prod¢esaddition, the lack of
probability of the implementation of control of delivery processes by cargo owners is one of their
common

grounds for the formation of controversial gmblematic issues. All this predetermines
the development of a rational and transparent system of mutually beneficial cooperation of
logistics intermediaries in the supply chain, which in general will ensure the development and
rise of the transport busss to a higlguality level [1,2].

The relevance of the topic of the scientific article is due to the fact that the sphere of
container transportation is a complex and voluminous transport system, where, in addition to
ensuring the safety of goods, it isa@ssary to minimize delivery times and document flow and
automate all transportation costis is the most important condition for raising the transport
business in the container transportation system to a qualitatively new level based on the use of
blockchain technologies. The purpose of the study is to analyze modern innovative blockchain
technologies in the global container transportation market, to determine the role and promising
opportunities of these technologies to improve the efficiency of blnisness processes in this
area.

To achieve the set goals, the following tasks are solved:

- review and analysis of promising digital technological solutions of a number of the
largest container transport operators for the implementation of blockcla#iorpls in the global
containerization;

- evaluation of the effectiveness of blockchain technology in the global container
transportation market.

The scientific novelty of the research consists in the fact that a new pragmatic aspect of
known information $ applied, which reveals the object of research in depth in the new
conditions of digitalization of the current economy.
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Table 1- The main characteristics of blockchain technology in transport logistics

Evaluation
criteria

The advantage of blockchain tehnology

The lack of blockchain
technology for this parameter

Costs

The use of blockchain technology redu
transaction costs associated, for exam
with the collection of fees by the da
holder and verifier for their services.

The introduction and w&s of
technology entails significar
financial costs.

Efficiency

Processing of an operation/transactior
faster than using a bank or a person.

The processing speed of t
operation/transaction is limite
(for example, the VISA syster
is more productive).

Anonymity

Confidentiality of operations determin
the safe protection of individual us
materials.

The confidentiality of
transactions and the publicity
data create acceptable conditid
for illegal transactions for th
blockchain

Safety

All computers connected to the netwo
have the same array of information, whi
significantly complicates an
unscrupulous manipulation of it. It

extremely difficult to make changes to t
information block after adding it to th

There are no unconditioh
assurances of the stability of dé
transmission, regardless of t
advantages of the system
computing computer network
built on blockchain technology

chain hacker attacks take place.

Materials and methods.

The theoretical basis of the study was the hoés of comparison, review analysis,
synthesis. As part of the digital transformation strategy, the world's largest operators in the
container shipping market, in a local form, carry out digital business on the basis of the
implementation of blockchain tenology, which is a muHlpurpose, multievel information
technology in the form of an extensive digital database and secured against unauthorized acce
in order to sustainably evaluate and register a variety of transactions, assets, systematizin
transmrtation management processes based on the consolidation of all partner entities thea
simplify and optimize a wide range of logistics processes.

Blockchain technology is the largest innovation considered today and comparable to the
widespread digitalizatio of the current economy.

Innovation in the container cargo transportation system is determined by the fact that the
implementation of blockchain provides promising opportunities to accelerate the implementation
of business processes in the logistics sppgphin, with the implementation of high authenticity
and transparency of information for the selection and implementation of motivated decisions.

This will provide ample opportunities to reduce costs created to avoid possible risks and
eliminate processdhat are of little value to customers and clientele.

blockchain networkIn technological terms, the blockchain, representing a distributed
chain of blocks, acts in the form of a centralized register of all transactions in the information
network. From tk point of view of the principles of management systems in logistics supply
chains, this technology provides unique opportunities to overcome difficult problems in
implementing the principles of int@rganizational regulation on the development of
transpaency of information movement and ensuring mutual trust of coagtents of logistics
supply chains in the system of container cargo transportation on the world market. The
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paramount importance and role of the implementation of blockchain technology giotbal
container transportation market is determined by the implementation of promising opportunities
to improve the efficiency of global business processes in this area [3].

Results.

Let's analyze the implementation of blockchain platforms in the glab@hinerization,
developed on the basis of blockchain technology. In 2019, the largest container transportation
operator in the world, A.P.MolleMaersk, together with IBM, a weknown developer and
manufacturer of hardware and software on the worldketarlaunched the "TradelLens"
blockchain platform, an applied software product for improving the container transportation
system developed on the basic platform of blockchain technolddigserledger Fabric and
IBM Cloud.
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Figure 2- Integrated, seands logistics ecosystem, blockchain technologies

The ¢TradelLensé blockchain platforms are
platforms of a general type, which includes modules of blocks of operations closed in a chain
that perform functions irhe container transportation system (UPC):

- accumulation of information on all completed operations;

- storage and exchange of information;

- control and management of cargo transportation and supply chains in maritime
transport;

- implementation of stepy-step tracking of the movement of cargo flows in online
modes;

- ensuring electronic cooperation of all participating partners involved in the supply chain
in matters of cooperation and acquiring access to information on pressing issues;

- reducing costand reducing the delivery time of goods;

- stimulating innovation

The TradelLens blockchain platforms are designed to consolidate all pamttides
involved in the supply chain, including cargo owners and representatives of state regulatory
authorities.The innovative solution of this project is to connect over 100 participants from 22
countries of the world to the TradeLens blockchain platform (the largest Asian and European
world ports and customs authorities, border control services, a network @i glomtainer
terminal operators Global Container Terminals, Singapore Pacific International Lines, Procter
Multinational Corporation & Gamble, and others). In comparison with the traditional form of
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document management, the predominant advantage of theaogt® EDI is the provision of
opportunities for information sharing by partners in modes of interest in the field of freight
transportation, with the advantage of the security of the transmission of this inforpdation

The development of the Russianggmany ¢Vostoké in 2019 of
solution for scalable digital infrastructurethe international intermodal logistics blockchain
pl atform ¢Vostok Tradee, i mpl emented on t hi
for transport opetions.

Table 2- The use of blockchain in transport logistics

Project Brief description

IMMLA - International The founders are SBSolutions (an IT company with a fq
multimodal logistics application | on logistics), as well as the leaders of the leggshdustry
¢ Gl obal Tr ans pdogrHe | Il mmaerant
Logisticse.

¢Trade Lensé i | A logistical result combining the immediate analysis
product developed on the bag applications and the conclusionf aontracts in the
platform of blockchain multimodal transportation system based on the opt
technologies(Hyperledger Fabri¢ pricing. Guarantees cooperation between the cargo o
d IBM Cloud). and the carrier at all stages of the transport process

on the Etherium blockchainA logistics solution for
digitizing al trade operations and cargo control, provi
access to tracking the movement of goods along the ¢
having full clarity of finding each container online 24
Market participants are presented with transparency o
status of all customs documents.

¢ Fi | a mean tinéernational | Logistics solution to improve the container transporta
hardware startup based o1 system, connects shipping containers and indug
blockchain machines with blockchain technology through the Inte

of Things (loT) chp. Things must follow instructions o
their own, via the Blocklet software.

Ship Chain (TGE, SHIP Registration of deliveries on the Ethereum blockch
tokens) i international using a sidechain to track individual encryp
platform geographical pointhtough each smart contract. The val
of each cryptographic waypoint is accessible only by
parties involved in the sending itselfhis facilitates the
interaction of the participants in the process. Upon deli
and confirmation of shipment, the coandt is filled out ang
stored on the main blockchain.

The following innovations stimulated the creation of the Vostok Trade blockchain
platform with connected UPC elements, including a network of seaports and services of termina
operators, shippers, caars, customs brokers and end users, etc.):

- a complex of workflow automation processes;

- ensuring data verification and immutability;

- increasing the level of traceability of goods and others.

The basic functional elements of the blockchain platfaen a

- implementation of document management digitalization;

- formation of automation of UPC business processes;
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- implementation of an API for consolidation with systems for obtaining information
about transport process events;

- accessible and rationaiterface;

- performing tracking of transport operations;

Tracking containers on the way and at terminals will allow you to optimize the shipping
process, see which destinations are most popular, as well as promptly fix downtime.

An innovative solution fothe implementation of the Vostok Trade blockchain platform,
which ensures the efficiency of the UPC, is:

- the possibility of automating the document flow of the transport process;

- implementation of data verification based on the information of theptoaingrocess;

- the possibility of implementing integration with existing platforms;

- the possibility of implementing measures for the economic security of transport
processes;

- implementation of transparency of the management model;

- representation ahtellectual rights among participants in the transport process;

- the presence of an affordable pricing policy.

The implementation of innovative solutions in transport production on the basis of a
single platform "Vostok Trade", which provides for the o$d¢he technological method of the
distributed registry, is a highly effective course in the development of the infrastructure of the
transport and logistics industry of the p&siviet countries.In 2019, an innovative ship
maintenance system "Digital Rbwas put into production in Russia, representing the combined
devel opment of the |1 CONIC blockchain integrat
Russian freight forwarder with a wide agency network in seaports.

The system is based on the technalagprocesses of management of dedicated registers
of accounting and certification of rights, ensuring the transfer of document flow of marine
vehicles with port infrastructure to the electronic version. This blockchain technology provides a
significant reluction in the amount of production loads on the port staff, contributes to the
growth of port capacity by-80% and improves the quality of services provided to the fleet. The
innovative vessel maintenance mechanism "Digital Port" provides participatitsample
opportunities to locate and carry out production activities in a single information field, where a.
clear fixation of the complex services provided by facts, time periods and volumes is carried out
In 2021, the Global Shipping Business Network BBI$ company, registered in Hong Kong,
launched a new blockchabased platform with the potential to track shipping containers around
the world. GSBN, a company focused on cargo sea transportation for the creation of a
blockchain platform, pursues the gaaf digitalizing a third of container transportation for
document management in logistics operations [5].

In order to ensure the control of information, the company provides encryption of the
database before sending it to the blockchain platform. Thigveeppartners of access to the
database without authorization and provides potential opportunities for GSBN to cooperate with
disconnected competing participants in the global container market. In June 2021, GSBN
implemented an innovative blockchdimased software product "Cargo Release” in China,
designed to minimize data processing deadlines due to the rejection of paper documentation and
data storage on the blockchain.May 2021, the company launched the first application based
on the Cargo Release bkaehain, which aims to speed up the processing time of the database by
moving away from traditional paper documentation while maintaining the database on the
blockchain [6,7].

The global company CargoX Ltd (Denmark), which develops solutions for thergtedifve
documentation based on blockchain transactions and ownership verification platforms, focused
on problematic issues in communications among supply chain partners in the intermodal
container transportation system and accordingly adopted an innovaltiniers for the rational
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use of the bill of lading. The essence of the solution lies in the development of an open systen
based on the Ethereum blockchain technology and the creation of cryptographic protection o
data located in a distributed databas@vigling the creation and exchange of bills of lading
using a server tool for secure remote access to the database of information resources ar
responsible storage of the database.

The interaction operations of partners participating in supply chains imtérenodal
container transportation system are carried out in the following sequence:

1) At the port of departure, it is applied and issued by the carrier comipang exporter
in the form of a token, including a set of DApp applications, to createnart'sbill of lading
with the presence of blockchain addresses of exporters

2) At the end of financial settlements for the goods, through

the DApp application, the exporter transfers to the importer all rights certifying the
ownership of the token of themart" bill of lading

3) Upon presentation of tokens using the DApp application, the parties of importers are
given the prerogative of the authority to own goods at destination ports

4) Upon verification of the ownership of the token, the importersgad goods from the
carrier at the port of arrival.

In the process of interactions between partners participating in supply chains in the
intermodal container transportation system, a block of confidential information under a trade
agreement is subject secrecy from public viewing and is presented only to the owners of the
token- importers, exporters and carriers [8]. In addition to this, the issues of secure protection of
complete information on trade agreements between partners are subject to iratteated.

CENTRALIZED SYSTEM BLOCKCHAIN NETWORK
O .
- . /1N ‘ ""./

o ® @
& ® @9 ®
&

Figure 3- The scheme of a blockchain transaction on the example of an operdtierBitcoin
network

The company 300Cubits (China, Hong Kong), specializing in sea container cargo
transportation, has implemented a project based on Watckdechnology in the container
transportation industry using the digital currency TEU2 Tokens. The implementation of these
tokens is provided by the support of the TEU ecosystem. The implementation of the project
determines the possibilities of condugtia transport business in conditions of security and
independence from intermediaries. TEU tokens, which perform the functions of a digital
currency, provide unique opportunities for obtaining industry solutions and services for business
users free of chge in the global container transportation market [9].
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The implementation of the project does not require corrections in the corporate systems
of partners participating in supply chains in the intermodal container transportation system and
this provides opgrtunities for independent and early entry into the global container
transportation market. It is planned to implement an innovative solution of 300Cubits for the use
of the digital currency TEU2 Tokens in the transport system of feeder, cargo contairm¢hamn
transportation, which are subject to the requirements of booking operations

The module implementation algorithm includes:

1) Performing operations for sending TEU tokens by users for the number of reserved
units required by them

2) Performing opeations to notify the transport vessel of the sent tokens-wiaike

3) Performing operations to control the compliance of TEU tokens for booking
confirmation

4) Performing operations on clientele notifications about the corresponding deposit
booking viae-mail.

The implementation of this project provided significant opportunities to reduce
significant losses for UPC, supported the strategic management of the global supply chain and
optimized the redistribution of capital in order to increase the effigi@hacompanies in the
shipping industry. Crypto projects within the framework of this project make it possible to
optimize the search for carriers, minimize the cost of time and money, taking into account the
fact that the entire system is implementedenusity mode and eliminates hacker attacks on a
simple interface [10].

The implementation by the world's largest container transportation operatiggal
solutions in UPC based on blockchain technologies, representing a distributed database of digital
data protected from unauthorized accesgrovides a number of innovative measures that
determine a number of advantageous factors: adaptation of internal business processes;
increasing the efficiency of container transportation; monitoring the locatidrcamdition of
cargo; reducing the time of work with cargo; optimization of personnel activities; reduction of
business risks through the implementation of online payments; taking effective measures in cases
of force majeure and others.

Conclusions

Currertly, innovative blockchain technologies, which contain a significant potential for
changing the structure and reducing costs in UPC transport business processes, have real
opportunities to change the sphere of container transportation. The logisticshhlackcthe
UPC minimizes the number of participants in the chain of the transport process, removing
unnecessary links in the final reduces transport costs and risks during deliveries.
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FORMATION OF A REGIONAL LOGISTICS DEVELOPMENT INDEX FOR
PAINLESS JOINING THE INTERNATIONAL CORRIDOR

Abstract. The purpose of the study is to pay attention to the regional aspect of
Kazakhstan | ogistics formation wit hi Wediteen c o
Chinad corridor. The article analyzed Kazak
chains. Identified area with more potential. Proposed infoamgtathering scheme to form a
regional development index, which will help reduce risks when connected to the corridor.
Offered, scheme can be used by decisi@kers to assess the level of regional logistic
development. This article will be useful to parseengaged in research in the field of regional
logistics.

Keywords. Western Europ&Vestern China (WBNC), BRI (Belt Silk Road), GDP
growth, transport corridor, regional transport infrastructure, road, fright turnover, regional
logistic, Regional Capality Index (RCI).

Introduction .

The concept of <c¢creating a BRI corridor
Belt-One Roade, ¢Belt and Roadé and-¢B¢temomioc
Si | ke, the belt r e goonomic eosridotshlee c @ Wes ¢ tr aMesterinB o r
Chinaé tr adeNC)x which is dad of thé MfE route of the BRI (Belt Silk Road),
recently announced by China as a concept, passes through the territory of the Republic o
Kazakhstan [1]. However, ih corridor does not stimulate the economic development, as GDP
growth in commodity areas such as Aktobe and Karaganda regions does not mean a high level ¢
logistics.

The indicators of logistics impact such as logistic center, cargo turnover, and &tsailabi
are evaluated after the reconstruction following the results before and after the implementation.
The disadvantage lies in the difficulty of predicting the growth of these indicators. The
economic impact indicators do not take into consideration flownections as there are no
statistics for collecting data on the corridor. Mostly it is limited to connections to export and
import. A criteriabased evaluation is a more modern approach to impact evaluation and is
related to the impact of several indiwat. However, a challenge of collecting statistics arises:
inaccurate official statistics can lead to overestimates. In recent years, it has become necessa
to assess the region at the level of maturity of connection to the corridors.

Material and dsthods

The authors used statistical data to analyze and synthesize the main factors affecting the
development of regional logistics in Kazakhstan along theWME corridor. Data on regional
trade (export, import) were used as basic data.

To assess the gon with higher capabilities, an analysis of data on the ssmomomic
and material and technical condition of the regions was carried out. Social status was assesse
by the level of GDP, the technical condition of the transport infrastructure. Fuftteaesults
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obtained were divided into five periods (262306, 20062009, 20092012, 20122015, 20015
2018). Periods and section of WEC international corridor was finished, which revealed the
picture of the possible connection of the region to the wbtke corridor.

The methods of modern visualization and chronological sequence were used in the work,
which made it possible to present a reliable picture from the day the construction of W&CWE
corridor began to its completion.

For a more accurate sleription of the regions, the method of systematization and
classification was applied. Further, the data obtained were combined in time periods
corresponding to the completion of the reconstruction of the corridor section in each of the
analyzed region8y the method of grouping, the results obtained were combined into sections
describing the flow of goods along the corridor. An analysis of indicators allowing to assess the
level of readiness of the region to open the corridor is carried out.

Next step banalyze were revealed by the method of system analysis the reasons for the
inaccuracies in the collection of statistical information. Based on the results of the analysis, an
indicative assessment method was proposed, which most accurately descrigeslitiess of
the region to connect to the corridor.

Results and discussion

The Kazakhstan section of the WEC transport corridor includes rehabilitation of 2452
km [2] highways passing through the territory of Aktobe, Kyzylorda, Turkestan [3], Zhambyl,
and Almaty regions of Kazakhstan, and Almaty and Shymkent cities having the status of
regional importance:

The total length of the WHVC transport corridor in the Aktobe region is 590.64 km. The
main economic sector of the Aktobe region is the miningistry, whereas, most of the mined
natural resources such as oil, chromium, copper, zinc, ferrous metals [4] are exported by
railways. Due to the poor development of the agricultural sector, the imported products by the
Aktobe region mainly include food patacts, such as meat, cheese and fruit.

The total length of the WAVC transport corridor in the Kyzylorda region is 810 km [4].

The main economic sectors of the Kyzylorda region are mining and agriculture. The main
minerals are oil, zinc, lead, uranium,lgd , and silver [ 4] . The regio
largest deposits of vanadium [4] (salt and rice constitute the main share of exported products,

about 90% of all Kazakhstani rice grown in Kyzylorda region.

The total length of the WAV/C transport cairdor in the Zhambyl region is 427 km [4].

From the South the region borders with Kyrgyzstan. The mining sector is an important source of
the region's economy and its main resources include minerals, phosphates, gold and gas [3].
Moreover, the region haseat potential for the agricultural sector. The main cultivated products
are grains, vegetables and sugar beets.

The total length of the WVC transport corridor in the Almaty region is 460 km [3].

The region borders with China and Kyrgyzstan. On thetdeyriof Almaty region, there are

many production companies producing beverages, juices, canned goods, cigarettes, etc. The
region has a wellleveloped agricultural component. The area is the main supplier of onion,
tomato, cucumber, fresh watermelons [5].

The total length of the WHV/C transport corridor in the Turkestan region is 294 km [3].
The region is located in the extreme south of the country, bordering Uzbekistan. The main
economic sectors of the Turkestan region are mining and agriculture. Ampadeeknatural
reserves it is possible to highlight uranium and its compounds. The first export position is
occupied by the fresh and chilled vegetables followed by untreated cotton. Imported goods in
most of the timber, building materials [3]. The reglas a favorable geographical and climatic
position and is one of the most densely populated districts, thus having a great potential for
trade.
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Almaty city is the largest city of the country, its contribution to GDP is 20.9% [5]. About
15% of the Kazakhsta population is working in the city. The main transit flows are
concentrated in Almaty; main offices of large international companies are predominantly located
in the countryés main economic power house.
of many warehouses for storing goods in the city. Unfortunately, the amount of equipment at
these premises is rather problematic to identify with official statistics, as there is no database for
information collection. Almaty is a leader in the purchase of dingeanimals, agricultural
machinery, building materials and energy equipment [6].

Shymkent is the third largest city in Kazakhstan [7]. Its advanced sectors include oil
refinery and food industry [7]. The main export goods are aluminum, copper and ldtaik.m
Imports are mainly focused on the construction needs of the surrounding regions, such as timbel
glass and furniture [7]. In view of the actively developing interregional trade in Shymkent in
recent years, a strong logistics infrastructure has be#i and companies specializing in trade
with Central Asia have established their regional centers here.

The main direction of ChinBurope WEWC (figure 1), passes through (Aktobe +
Kyzylorda + Turkestan + Shymkent city + Jambyl + Almaty + Almaty city)

Figure 1 shows the fright turnover increase by 4 internal sections formingV@&E
corridor.

| section RussiJzbekistan (Aktobe + Kyzylorda + Turkestan + Shymkent).

Il section ChinaJzbekistan (Almaty + Almaty city + Jambyl + Turkestan + Shymkent).

lll section ChingKyrgyzstan (Jambyl + Almaty + Almaty city).

IV section RussiKyrgyzstan (Aktobe + Kyzylorda + Turkestan + Shymkent + Jambyl).

China-Europe

| 21
40,4 30,4 81 {,(f

— m 2003-2006

— 71 2006-2009
6_’3 340 E’ e 2009-2012
15,8 37,6 202 — 43 020122015

- — 2015-2018
‘ 12,5 28 124~ 21
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IV section Russia-Kyrgyzstan

I section China-Kyrgyzstan

II section China-Uzbekistan

I section Russia-Uzbekistan

%

Figure 1- Fright turnover increase by 4 sections
Compiled by the authors on the basis of data analysis @dhenittee on Statistics of the
Republic of Kazakhstajv]

The period of corridor reconstruction is about 12 years from 2006 to 2018 years. For
analysis convenience we divided it into 5 stages (3 years), which correspond to the completior
of the main seabns (Table 1).
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Table 1- Corridor conditions

2003i 20062009 20092012 20122015 20152018
2006
Aktobe Aktobe- Karabutak Martuk -
region Karabutak Kyzylorda -Aktobe
(273 km) | Developmen (215 km) (102 km)
Kyzylorda - t of the road - Aktobe- -
region rehabilitatio Kyzylorda
n design Shymkent
projects, (1062 km)
Turkestan - including - Kyzylorda -
region and technical Shymkent (203
Shymkent and km)
city feasibility
Jambyl - study, social| JambyiTaraz Taraz -
region and (480 km) Shymkent
environment Jambyl
al (203 km)
Almaty - assessment - - Almaty-Horgos
region (480 km),
Almaty-
Bishkek
(154 km)

Compiled by the authors on the basis of data analysis of the Committee on Statistics of the
Republic of Kazakhstdi7]

First section Aktob&arabut& (273 km) was built period between 20P306 years,
when the national government initiate the WX corridor. This part of the road was impetuses
for connecting Russia with the countries of Central Asia. The most active started working
section Russia Uzbekistan, the increase in cargo turnover was (26.7%), Ghuwbekistan
(25.3%), China- Kyrgyzstan (23.5%), Russia Kyrgyzstan (25.2%). Chinkurope cargo
turnover changes was less significant (18.1%).

20062009 years the period of the first site coetn. This period interesting, because
in 2009 yea there was a global crisis, which affected all sites by a sharp drop in cargo turnover
by an average of 1.7 times.

During 20092012 years period were built the main sections of the road Karabutak
Kyzylorda (215 km), Jambylraraz (480 km). It caused cargo turnover increase Russia
Uzbekistan (42,8%), Russia Kyrgyzstan (42%), China Uzbekistan (35.2%), China
Kyrgyzstan (28.5%). It is worth noting that in this period is activated the full route China
Europe (32,1%).

The most active period of reconstruction was 20025 years. Were launched sections
Martuk-Aktobe (102 km), Aktob&yzylordaShymkent (1062 km), Kyzylord&8hymkent (203
km), TarazShymkentJambyl (203 km). As plots are connected, the sontheras are activated
ChinaUzbekistan (18.3%), ChinAdyrgyzstan (15.1%), followed by Rusdidzbekistan
(12.4%), RussiKyrgyzstan (12.2%). Moreover, the most noticeable changes occurred in the
previously lagging Jambyl region by 3 times. Leading Almatyare showed an increase of 2.3
times.
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20152018 years completion period, Almaihorgos (480 km). The AlmaiBishkek
site (154 km) is under reconstruction at the beginning of 2020 year. It was assumed that the
corridor should be finally completed in 201&ay. But, unfortunately, some sections of the road
are still being reconstructed. In this regard, we see a predicted drop in cargo turnoverin 2012
2017 years. The government expects that the situation should stabilize by 2020 year, when th
reconstructiorof WE-WC corridor will have been completed (figure 2).

Almaty city (WE-WC) 43,3 15,4 26,8 37,9 6,0

Turkestan region (WE-WC) 28,8 24,5 43,5 28,0 2,0
Kyzylorda region (WE-WC) 254 F 42,4 [pr 1,0  2003-2006
—1 2006-2009
Zhambyl region (WE-WC) 13,3 33,2 10,3 —59 2009-2012
[02012-2015
Almaty region (WE-WC) I 82 26,6 203 | 167 2015-2018

Aktobe region (WE-WCQ) 28,0 15,6 43,0 27,8 — 48
-5 15 35 55 75 95 115 135 %

Figure 2- Fright turnover increase in 5 involved regions
Compiled by the authors on the basis of data analysis of the Committee on Statistics of the
Republic of Kazakhstajv]

The freight turnwer of automobile transport is the most flexible sensitive to the woes of
the regional economy. Noteworthy that in regions involved in-W/E, cargo turnover has
grown rapidly only at the borders Aktobe (39%), Turkestan region (40.4%) and Almaty city
(76.3%9. The most active of the four sections is Chitdzbekistan and Russi&Kyrgyzstan.

In 2009, 2012 years the rate of cargo turnover growth fell by an average of 2.5 times in
all directions, this is due to the global crisis, which affected not only Karakhbut also
neighboring states.

The increase in cargo turnover is closely related to the periods of sections construction of
the corridor WEWE. For all regions involved in the corridor as a whole during the period of
construction of the corridor, tharhover increased by 67.7%.

Noteworthy that the corridor led to an explosion of economic activity even for such weak
regions as Jambyl. In 204/kar, cargo growth was observed in all 5 regions. On average, not
less than 30% and this record figure can ls®@ated in the policy of transition to a new stage
of economic development. Involved in the competition of major participants in the game, such
as China, the United States and Russia, the Central Asian states should not forget about reducir
transport cas, which determine the main task of creating such corridors [8,9].

Often, internal flows formed over the years change their direction thanks to the strategy
of these same major players. Uzbek fruits exported to Europe and caused by the increase i
pricesfor them in the region [10]. Flows of raw materials from Kyrgyzstan to China, exported
by sea, despite the shortest distance through Kazakhstan, etc. Price growth in the countries ¢
neighboring countries. ¢ Uz bek @amyrta thecountries a |
of the region. Recently, they have started supplying fresh cherries to China and Korea [11].
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The diversification index (RCI) tests the
criterion, expressed in the dynamic growth offfiti turnover, will assess the risks and benefits
after connecting to the corridor. The advantage of the proposed index is a deeper assessment
with Regional Capability Index (RCI) and Corridor Impact Index (Cll). The next step of
assessing the region shotie the formation of a strategic development plan. Moreover, the plan
of the agricultural region will be very different from the raw material region.

The most important objective of this criteria is to develop mechanisms to monitor the
reaction of a rapig changing economy at the regional level and to develop a strategy painless
connection to the corridor. Implementation of the proposed indicators in planning, in our
opinion, will expand the information base of state regulation of the economy of theliRepub
Kazakhstan and Central Asia as a whole.

As it turned out, there are different models for the formation of regional logistics.
However, there is a prevailing need to understand what is the role of this transit corridor in the
development of regionef Kazakhstan. The cargo turnover of Almaty, Aktobe, Zhambyl,
Kyzylorda and Turkestan regions have started to increase after the reconstruction and
commi ssioning oifWebsWeesrtne rh iEnuaréo pter ansi t road.
that the Almaty egion is the most developed in the logistic plan and can be considered the
leading potentially ready for the development of the region

Inside the corridor for each region has a common connection, the picture is not
homogeneous, despite the exact they alllbong t o c¢cWaeséenn EChopace.
proposed indicators will reveal growth points for all regions attached to the corridor. The criteria
should include real information on the state of regional links based on a survey of experts, since
official statistics for a transparent picture will not be enough.

According to a 2014 study by the EBRD, all regions of Kazakhstan can be divided into
groups with high potential, medium, and low. The study showed that the development of a
sustainable developmentatiegy should be described as diversifying each region. Below, (Table
2) shows the RCI results. This study is of particular value because it was carried out at the time
of the corridor launch.

Table 2i Regional Capability Index (RCI)

Regions  Regional Contribution Regional  Contribution to Regional Capability

Economic = to Services Revealed Processing Index (RCI)
Complexity sector (SC) Comparative  sector (PC)
Index Advantage
(RECI) (number of
RCA)
Weights 25% 25% 25% 25% 0.25*RECI+0.25*SC+
0.25*nRCA+0.25*FC

Almaty 100 22 60 44 81
Jambyl 74 7 38 36 52
Turkestan 30 6 26 48 33
Kyzylorda 15 13 1 1 1
Aktobe 15 8 4 24 9

Compiled by the authotzasedon[11]

According to calculations, Kazakhstan, like other countries involved in the construction
of the coridor, needs to develop a strategy to solve the problem independence on natural
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resources, not even distribution of investment. In addition, this approach will help to address the
chaotic development of the services sector and bring regions to a newfleeelal economic
development.

According to analyze the high intelligent export potential was found in Almaty, Jambul
and Turkestan regions.

Conclusion

The main goal of China is to use the BRI initiative as an instrument of economic growth,
both for itelf and for the acceding states. One of the reasons for launching BRI is the economic
activity development in the western region. Inasmuch as this project will connect the landlocked
Xinjiang province with energyich Central Asia and the Middle East byadoand sea. In addition
to developing transport infrastructure, the corridor is designed to form economic ties betweer
regions and restructure existing trade relations between Asia and Europe. Which in turn are
aimed at creating a platform for the susthleadevelopment of countries in the framework of
mutual cooperation.

The proposed model (Figure 3) will allow collecting data on the semdmomic state of
the region not only in relation to countries, but also through the channels of goods promotion
(strategically important goods, partners, participants in goods distribution, existing infrastructure,
investments, etc.), it is important. These data will form an idea of the value chain relative to the
channels of goods promotion.

To assess the impact of therridor, specialists traditionally use gross domestic product
(GDP) as a sensitive criterion of countrybd
analysis method. Her aim to show how closely exists the relationship between indicators. But
this method does not reflect influence of each industry on the economy development as a whole.

Goods turnoverindex
(GTI): effectivestate
Transport development regulation, human
index (TDI): logistic recource, society
potential (LPI), Regional Capability
infrastructure, Index (RCI)
warehouses, flow
direction
Economic Activity index

(EAI): GDP, natural Regional Corridor Impact
resources, exports, development Tndex (CIT)
imports, partners, index (RDI)

strategic goods

Figure 3- The data to form an idea of the value chain in the region
Compiled by the authotsasedon[11, 173

The diversificati on iablity@xevdloR.The)corrida snpast t |

criterion, expressed in the dynamic growth of fright turnover, will assess the risks and benefits
after connecting to the corridor. The advantage of the proposed index is a deeper assessment w
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Regional Capabilityndex (RCI) and Corridor Impact Index (CIl). The next step of assessing the
region should be the formation of a strategic development plan. Moreover, the plan of the
agricultural region will be very different from the raw material region.

The most importat objective of this model is to develop mechanisms to monitor the
reaction of a rapidly changing economy at the regional level and to develop a strategy painless
connection to the corridor. Implementation of the proposed indicators in planning, in our
opinion, will expand the information base of state regulation of the economy of the Republic of
Kazakhstan and Central Asia as a whole.
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H Odzdz" =, sSHd&ZOSC B Ibtsd ¢t BHARZO o jteffdw By jIs BT I
BsHj &z tetso Odzd v .

3) [Yyj dpkenTrack frjtsﬂtGG)deJls syj desydz | H O dzdz

ttOL dzdydz" = o' AatsHdzr » HOdzdzr = WO2dzr . CIsd HOdedzr § T
ttOL HJdzj dgdz" = IsOBREYYydj 2. [ 15 Bsy dets slstcj HOC Isd te ks
flesctcORBRB H AV de@B B’ s @B dzdryy © Bk s

OpenTrack e OdzdL s Mmd3i h Odzdz 2 fteddeyd y d3ts H

dzj ftojtor odzr » d HdMStjlsde » syl Mftse dBsHj dzZdtese Od
dyjddv fsjLHO. OpenTrack dd&dbdtizjls Hodxj dad J
dicy feyd Odz! dzr § EkteOodzj dzedv) IbteOdzmf tstelsdz" = Mtej HMisoe
BW sO0¢dj Mmizzyod, CO¢ dLd3j dzj dedvw o Mmsiistsw dzd d
Mlsswdzedw MdedzOdzse) ddzd L OH Jjtey € (.
[dzv tejhjddw teOo dzj ded 2 HOdHJdZCfW f K JdgHs@s Hd MY ts¢
dzj @), ftmStsd Sk dzj otsL Bsy dats dzgO2Isd tjh jdedj HJ
MOBsHsMIsOlssydets?2 OdzgOdzd s yj MEts2 Wistedzsj. [ jlstsH €
tedBdzdL dlsj dz' dz" j L dzOyj dedwV Hdzw BsHj dzdtetse Oded W .
10OLBots] kZwOodzsj dzadj HUY ezOBFEUP) ( HidEsEgE: SOUASHS?2
HodYJddY fBJLHO [4]:

F=m-a, (1)
) GHETbwetoats] EfmMdddni 0ol § i@ steicz®) §5jLH
d3/=.f
[ dzw stsegts Yl ﬁisJL tcOL 856 dzO dzipw swgtso s

fjttjHO0 0! 20 tjd g kMdddi, fwjornhOshjj Msftslh
bmddzdj 3 d Msftessdodyddjdd Wej &OL' 9Ojlmw dLB' IS
o Mdzj HE &G EGR A& :

F; = Z(v) — Rg(v,s), (2)
GHELT LB 8BS bwetso BEE ez RijEEHAtGtsIs q 9 dzj dzd §
Isted ded &1, S Stetsmisi §, to i3/ Hinj; dzdizts § dzf P ) i 3.
FZ
a="% . (1+001-p), ®)
GHE T LB Ists¢ kwEtso sai Eipd tslatsjidzdi, i, RAHIfPa i € ¢ ;
BOMMmtse ™ 2 St WWdydJ dals Hdzv Ougokd "id.n v BOMM, ddd
[OCHdBOd ds oL By 2O MSctshils! ©OLEEEO ] L

sctcOdzd yj dzedvw MCtstesmisd dz20 f kzlIsd, BOC Md izOdz! des?2 M¢
9 0O tsdzts o .

v(t) = v(t — At) + At- = (t — At); v(t0) = v0, (4)
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[dbtsH C2dzjtcO OB BEPgYY § Ul gggidzjodedu] ¢ J tej 3,
dz! dats 2 stsys ts2 . Jdz ByjddeOjls COYHB W
H j WEdSydsdzOdz desj L dz2Oyj dedj ( dzOyOdz' «
dd d WdSMmdtetse Odzdz" 2 9o toj d3d dzdzi2dzdO i € 5[ tgjtsldr
Is dtfctg fi3d fddgfOo dzj dz dzO ted Mz dzC § 4.

V A

v (1) /////

v (t- o)

-

t- ot t t
t Mz di§§ sdsH C 2 dzj ©O
Jddv, WOGCkdud m¢

y
2 mdx; W s taQiglgdaz’
dzs © fMdzjHEZEN jdi3 Lkt

RMfsd LEY bwOodajdedj Hod
ddzls j ctcd tetso Oded W ftedojH,j daedats
Jqdzs j ctedteso Odzdw, COC fsCOLO

v =v(0)+ f:f a dt. (5)

b dZOdsecdyde 8 BBELOLBR Htes2H,j dzdzs] tOMMlssw
fsolsstedsets Jdzsj ctedetse OdedW MdzjHEZE h j &5 EZteOo dzj

s=s(0)+ f:f v dt. (6)

tdLizdz IsOIsr d tBMEZYHJ ddW.

J tcORBE Of HOdzdzts?2 MlsOIs! d HoscetoOBRBRds] Micj
OpenTrackd M sdz' L s Odz Hdzw dMfmdzj Hise Odzedw  jtoj otsL
sktetsi Otz y J dzj L dzetsH stctsy detzls dzdlafedsdiz ¢ j Isdhd j dgls O
EyomlksC O wtBtstclzH o Odz fn o3 € tc Epilbdk9Y § 0 ts @dzE20  f .
WeEdC ydtsdedqtelzjIs CtssteH d dzOls dzOw MmdMmilsj 3@ .d dzlsj tco Od

OpenTrack L ottssmQlds’ otef@flgfOsaftsydj dzad j 5§ L H
BsH ] &zdtotseo Odad v . 1 SJLHO BlstsBtcOy O Ismw fzlsj &3
ftsjLHB, CtcOMdz" &3 vyo j Istsd, O Hd&v EkfMmlsOdssio dzj d
Ljdzjdzgr &3 yo jIstsds. ] ftesyd Mind G @vdsdq Wi dedzp d3ta ts
SlstsB Oy O4 lafjwdzj bz d3dztsy o J Is ts d3. 10 tdmkdzS j 5 H j
B Mssf sz jdd] fSjLHO fBH dtdhk] ttsd S

c003e 9

OpenTrack ftjHdEZOCO]jIs tyjdSd Hodyjddw ¢t
Colttcwdylz j sMfy ctcOVNdE Hodyjdedw ftSjLHEBS H t5 dzy
ddzd dBtsHj dzdtetse Odzd j Hsdzy dets MisntcOdzd Is o Md H
fsHdz YO dj ByjdeSj, bOCY] dBsedzd B! or BtcOdz
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l esctcOBBOc kOpendjedtclzjls MdzjHEkEhdj Isted Isc
BsHj zdtetseo OdzdwY (tedmMzdesE 6)

1) 1 steds@dBdzy2zr | MtstsBh jdadWw BsHj dzdtctseo Odzed W
h Qe Onrn, Ctbtster j dzgj odzdwesls dzO L Of zfnézj dgs® j dzd to &

2) ltej iz e p degsflzddz) s Isd &30 dz! desd3 § ts9 j H | dal
Cslsster | dzgj odzdwels dzO L Of E2ME T ysdely 'd teso Odad v .

3) [hBEdBzdzw ydvw B dZOtkzyddZO hdBSER, {5 !
By dls Bris! ftosHisdy jieOmMzn 21s Msseh j ddw

OpenTrack (L@ j i { gzL HO9 Ols! OV dsd
HOdzdzr = Hdzv ( dzdzse s BSHj dzZdteseo Odedw d Ef§f tcOo dz
Di agr ame. [ stsBtOY OjIsMmw L Of zOdzgd tetso Odzdetsy (kzls
WOClsdud MEsy ( Mdi3sHJ dzd to 5 oldfdmi@ojdrj dadte'] divts jLtadBer. Is d

4 56 d&zOMdzets 2 et nzlelajls Ols |  dgts HQ pdedntclts sa@dzd o € Oy J
H Odzdz" n ftsLotsdzV jlis f sdzz ydls- teOL dzd ydz" § -BtcOW
ftojHMisOodzj dz¥ CwOWdS LOoadMmddissmisd EMS tstej dgd W
SOy cteOW S LOadMmddtsmisd teOMMmistsw dzgdw tsls o tej dzj
c003¢é Skthmdekzsh jets B HrH@EefEs.0dydw &8 sktetsL j ¢
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1550 1540 1550 g0 1610 Time

tdMedig O d ¢ wWOMMmisswdedwY ls 9o tej d3j dzgd

{iLkd kOIT ®oHj detse Odzd" OpenTrack MBHtOdw s
d &scebkls Brils! w©httjHOSkdso Odyr dJdd EGBEOBBISOd M
fetscteOdgds Hipz™ dig Telsttdss dzdz’ 3 |s OB eBgcgl.O B, KOS IR S OC M

1 OC dz¥ y4d dzd J .

[Mdeso dets?2 ot tetsfy, dO Ctlstster 2 IstcjBtso Odzsf! tslis
Istsdz, otL @y dets dzd My tsdz' L so Ols! HesctcOBBdets B j
fted ©WOMyYdld i kznSd=lsH igtsts ) das dzts figlidiadfly | deCitdsded 6. j dz
11 dzO fMsL H OdzO tcj Odzr dzOW ddW tcOMistcz ¢ b izrta@ec Mz Y H Iz
COMY sdztsy jdzdz' j o7 h j dzOL o Ocedzgsets EyOMmksc O, ClssteOw
ftsjLHBSO d st HJ dzj dzd W LOodMmd didsMmis j 2 yjtiddoae Gd3j Is to &
tcjLEzdz IsOIstso f8COLOdzs otsL sy detsMls ftotso j H] ded W (
ftcsHEZCISO OpenTrack fts teOddL Oydd Hodyj ddWw [
ddzls j tco Odz' dese 5 tjckdzdteso OdzdwW M § t5HzYCdHISCCHEsle . Is 6 Rlsiat
sdetso s sjdzO O " Hif sdztsy § dzd § Bsy 4 ls f sfdzlzy d Is ts f) dz
dimimdzj Hse Odgd?2 ©® 1 Iss?2 BB A&ZOMISd d Hd&Y dhf sdz' L ts9 Odzc
syjdt ) fwsfizmMCds? MM dsmisd 3 JjdjL dsHstesy d' 7

A dzO dzf) d to wds@ded jv. o ' f & dzddj ©EOS A s HiHjOKESI, sa [ 1
tORSC OF fwsjClsO R{1 6115473668 CcRMMd)HEBS Odzed j
qdzls j dedzj S sz Oz des?2 yqWessos?2 Mmdmlsjd' bfcOodydd™” H
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1 dzW OtwdiLde) 2 d&3j dzsay@.zr dG3H P D ghmsts, | sedMmlsd ¢
OCOHjBJW M, ¢ dzdagedeimenova@alt.edy.kyls O dz,

s{dtrrRydovv3z RYUG[ITIOf T3 trVvBUL rNBELEdW 101 U
RIRUVOGARC) 3D [lrcfJ?rcv

¢ WH Olif"@lz 3@y Qaz@py Oh © M @S QHEY&OY PO X s
CEdz" 6" dzH §j G f 82T LHO yYLOOM Mrd )ythf OttdzOk
Otc dzO dzD O dz HAStHEHgjlsd taHdd' 2 B OD H Otc dZO 3O dy Yydz & &8 2O dgH @ tc Y
ddaidIlsOydw dzr Yy BBHJ dz HJ E L jBt@dgnigitc 820 (30 izO@iz dyf €0 Iz
BOY MOIs™ dzH © Web of Science HJtj]lE€BGdguddzas ©0 @O
dzplsd x4 M’ BOMY O MO@Az®EO O ©dzg O 0p © & daBEz0/dz! H J
Y " teOdzr tej Is° dzH § B j "daig® ld2H dzHC 50 Gy, g MystOdoH YO dAlz 290
BOY OdzO. -OMsEHdgH'ARr MIsO dBsHjdz' Hik ftesyjMm  dHj § O:
Y BdzH Odz" fisXos dislsdolsj toH ' W Isd ~dzed S OdzOPdz §ICHIRO dgd
Y SLOOdZ Mr dz" W IsjWH] kdzj t6° ypdzj OpenTrack dOlIs
Mdyf OlslsOdzp Ptlzlsls j Iz B Otc'-rmO tethply dz'odstfedgd Iy Qyd w dzr y C
DL  Bzflzdp tclsli tcdz'  OtcOd3] Istedzj toH * WO kDDA j dzHj' tadls]ltly drtj td
ddeW tc Oy " to" dzf 3" dz" W35 ORciOreRj Isxcitdh fpfits dzn O dzOIs™ dz 3 ' do
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vl 2° dzH ' RIQEUsMOffEB S HHj joills O dzH O pen Tr ac k Zzs € sdisls d
DH, MEOWdE¢.
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SIMULATION OF RAILWAY LINE WITH A COORDINATE BLOCK SYSTEM

Annotation. This article analyzes, with brief descriptions, various simulation software
tools designed exclusively to study the issues of planning and organizing the movement of trains
in railway transport. In addition, in order to determine their actuality in refsepublications on
the Web of Science database were analyzed using simulation software. The analysis showed,
relative to analogues, the active use of OpenTrack as a modeling tool, over the pastil@Years
articles. The paper also analyzes the technmalameters of operating locomotives in
Kazakhstan for use in the simulation process. The equations of train movement and the Euler
method as a mathematical apparatus of OpenTrack are described. In the course of the study, a
simulation model of the Kurozekharsu section was developed, dependence graphs of various
parameters were obtained, and a train schedule was developed in automatic mode, taking into
account the parameters of the infrastructure of the studied section and the technology of moving
block wsing the SIRDFE system.

Keywords. Simulation, analysis, OpenTrack, locomotive, Euler method, graph.
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COYdlsOdz dzf 7 odztsy jdzd2 o Mistetsdlsj dz' flse s d dzl¥ tc O

10 fO0MMOydteMSdn fjtejotsL COR Ooltsditse dd d
ftosBdzj 3, € Ctlstster &5 sSlsdesmwismyw MEkeMmdHdss Odad
tcj cdzdtelz j d3r o3 s @ts§ W6 dgts fils ¢ dz@ad L BOwGh wizls OR
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dedL €2 Etwtseojdzr BJjLSGTOMdsmMisd fjttjotsL s d dadL § 5§
 mdzz ¢ f OmMMmOY d tc ©ds, tc O de s dsi tsCdzj dzj de@ar'dafz’'dst , MoV
dzj + WWJClIlsdo detsflss & GsmMizH OteMmise j dzdzts G s Z§ tcOo dzj dzd W
OQolstsiisB ddz! dzf i3 Oz stclstsdz, © dOMlstswh jj ot dgw w
l tBdOMisd §OMMOydteMSdr OolstsdisBddz dz » f jtcj ot
dzd L S1OWY j CIsd o detsyls GsMizH OMmlilse j dzdetse s tjelzdzd tetso Od
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OolstsoatsC L Odzts o (OolstsmlsOdzyd?) M fijtjoeasLydscodd d
fjtcjHBsearn ydWtserna Isjrndatsdzsed?.

1 OCSdesHOIsjdzt dz" ' BOLT daj tsLotsdzwels or f tsdzdzv Is!
B Y HEZdZOtetsH dzts?2  Otej dzj , Wstcdzdtctsa @dpgdy ffd de'jdzgtz2ddizd fcfsis
tslstc ©fMmdzd . l byj otjdw o (sMmdd, 1 jdsteezmimdd,
IstcOdzmt stels dz” J 9 JHBEBMIse O, Hytf Otcls Od3j dzls " Qo lsslstc O
Wstcdidtotso Odzdj Hj2Milse j dzdes?2 destcdzOIsdo dets?2 BOL T d + W
ddzls j toj Mtso .

[Mdeso OdedWv s Hdzv f jtojrBHO d20 MOBtej ckzdzdtelzj d3
W dzw s Isfyw dzj 1 WW JjCIlsdo dats ctsfmMkzH OtcMmiso j dzdets j toj G
LOCtSdetsHOIjdz' desy e iMfiudiddy. 1 JBBRatHd®BE ftotse jfr
tcOL OB t5ls Ols! s dmyfij detiselzd@dg d& § § tsdztsy § ded W, Istcj BLzj d3g" |
vt [, ftsotHdl! tyjdSkz disBasHdB 7 d HEGMsOlY
HsBletsMise j Misdzts?2 HjWIsj dz desisd #sBf MY SSswyjde @z iz joft
ydWttsedL Oydd, z021Isd Isj § detefdptf dsdirf L % & @ dgd & s H @diaflzr -
f zOWtsteds Hdzw o Mj yjdedw dgj dzj e Odz dz" = f jtojotsL 5C.

J dzd § .
[t Odzd L Oy 5 dzdzOW MistckSCskEtc® MOBSKjckzdzdtlzj &3" -
OQolsslstcOdzyf stelsy T B8COL OdZO O ttdmizdSd 1. A § dzlsteOdz
St QdssHE yd MEd?2 MmMtsejls, dmfsdzdedlsj dz' dzf 2 tStccOdz d ¢
stccOdzse ftcdoJHjdr dzO twdmMkde) 1. tJjedtsdOd dr j W
mazzy B ", L Sy dzz Ols Oy d ts dzdzts 2 mazzy s ", mdazizy B ' BJL
stcc OdzdL Oydd ¢ C Qctidzgle tc 5dzM difzj tcj @ sL yd ¢ ts9 . Az dz€ y
edmMizdzC§ 1.

1)
&

Cpyktypa CPO Ha naccaxmpcKOM aBTOTpaHCnopTe

HenTpansublii annapar

Koaaernaasnsiii opran

- yreepaterie [pamun n Crangapron
CPO 3
= CO3MAHHE CNEIHANH3HPOBAHHBIX OPTraHOB E

Kontpoasmstii opran
Metoamtecknii coper

- paspaboTka METOTUHECKHX

5 EKOM HIL, HHCTPY! it HHLLW CPO
- PacCMOTpERTIE KaTo P — opran IpoBepEa e oI
Hace1eHIA - BHEApetie mIdpOBIT HenoAHUTeNEHOTO oprada CPO

- PEROMEHIAINH O
HapymmTensm Mpasin i
craugapros CPO

- IIpHEM 1 HekToYenTe unenos CPO :
= BBIJIBHAK CHHE KaH AT [ IOIIKHOCTE
ICTIOTHUTENRHOTO Oprana

TEXHOJIOT i

¥

|‘ C——— Pernonansueie puARATEI e \

. TepeBO30K
- pacuéT TapHdOB HA TPOE3] 10
MapupyTanM 3|cqulyaTalln0nlwn cﬂymﬁa - KOHTPOb EPEBOIYHKOB N0
- onpejieierne 06bEMoB NpO{IIAKTHEE Ge30MACHOCTH
O —— Y, - KOHTPOIIb HCIIONHEHHS PeryIAPHOCTH Pr—
j JIBIA CHIA
= ROHTPOI! COUVIIOTICHHK CaHHTapHO
Y THrHE HOpM Cay:kba KOHTPOIS HEPeBOITHKOB
= ROHTPOIIE IEPEBO3THKDE 10

- KOHTPOJIE P EACMEHHOTO MEAHIHECKOIO
ocMoTpa BonTeRelH

Cayaba opranmannm KOHKYPCOB ~ L
¢yﬂmuomlpomma GretHoyIETHOI
- OpraHi3allis KOHKYPCHBIX HpoLeayp 1 Y1EKTPOHHOIT CHETeMEI
- Belaa4a CBIIJI.C"I'Q.'II:CTB Ha [paso
SKCIVTYATAIHI MAPIIPYTOB

- BEJIEHNE PEECTPOR NEPEBOITHKOR

- KOHTPOJIb IPEICHEHHOTO TEXHHYECKOTO
ocmotpa ATC

- KorTpoE nposefenns TO n P

- KOHTPOJIb PEAHMA TPYIA H OTABIXA,
dynKmonnpoBanna mHdpoBLX Taxorpadon

t Mz dielsttkSkkzteO st [ d&O §OMMOYdeMSsds Oo ksl

GZOHEs Gldjlsdls!, Ykt LOCtdsHOL]d fiss s

4 M
MOttdo Ot ls o Isjitstedd ofj MnMisisdz e O dz
sOo dzj dzf OO d BBWL Odzdetsfyls d MO®RBtj ¢ zddtelz,
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6tl), thmdssr ®ftcjHjdjddY ctlstssdtsmisd tor dzf O,
My dmsc o OfranBquOud?- OQolssbteOdzy stels © d {1 fotg H O
dzj S tslstster A dSyd2 o MW it fO0MMOydemMitsets Oo
mMtcjHE HISHJtG)iOdZdW sMdtsodz" = fcOaddz vt Htwdoed
ltod twihjddd ftosBdzj d3 §f OMMOy JteMStsets Oolsts
OHOyd q f tetsB dzj d3'O dzdbfn ts ezt j jindsfig lize# 15 gf 2 fdmls
jtojotsL COdd. s fJjtcots? slsdes g Is mpw 9" wWodzj dzd
f cOo dzj dzd W H O dzdzts 2 slstcOfdz! & . l sstets? f totsB dzj
sfMkzH OtMmlse jdedzr 7 WkdzC yd2 o € tdsl kztoj dalsteaiz® dadfijte

Is tc O fdzd . stojlst j2 LOHOYJ 2 w9 dzw j Isfyw syJ dzs O
ORstej Gzdzd tetso Odzd j d or ff tsdzded d3tsfyls ! f sfilsOo dzj
JeGkzdzdtetso Oded Vv slstc Ofpdzd .

lted odzgjHtojdedd ddemisdlskzlsO MOBstej 6 Iz dzd tc 8 9 O dac
jtojotsL ¢ dzd ftcj HiNlsOo dzv j Ismw o tsL d3tsy de-dR B s O
Is tc © dz' 9 fYtdzdsdl tBi Y d&j . Clsts MowLOdzs M Is§ d
dzts ) d dzO ¢ ® twOLadlk"n MlsteOdzOR BjL fnd3d dz ts
dzdlsj dz deséts ff jtodsHO.

df JYydW de O sOLORMOdO o dOMmlsswh jj otej &Y L

-9 fitjntsH] ls §kZzOdtses? 1 Ctsdsdkd¢d ¢ torf
ftocjHO OtedIsj dz' dzts

TSI 33 FARST

¢cts By M Jjyd ddw L OCtsdsH OIlsj dz! dzt

-9 dOd3d tej dzdd G ts fI‘]IZHOthI]lSE)O tcj Odzd L s9 Ols MOc
MW JjweQdIsj dz desfylsd § OMMOy dteMSdr fjtcjotsL s Oolst
- O uydj & Is j dzj o 52 ¢ daj g dzt©dd Wafs G s é ftoj HY
MsMlsQoa dzw s M j e ts dz sO¢C Msdisils stocdz n Bisdzj j 95 %
fijtejotsL5C. 1dLdaf o Is] dzjCodiso fCtadsiptteiIfdgts fipsid ;L C
-dedLCts?2 Mlsjtfjded twWOLoadIsdw tsBNM jMlse j deder =
fiss Lso), LONdhOshdn HwOeO® d ddasjtejfmr ftojtr

fjtejotL 5C;
-ftcOoatsotsets dzdeddzdL &3O Mkei jJSCIstse BdL dzj MO;
-dzj L WW jCIsdodzs?2 G tsmiHE Qe fidipdiCipdztst) Aftadtsdaddiy) d3 ¢
teJGIzdzqtstsaOdzq’W, ftcd ftcOCIsdyj MEts2 flsjtc] ¢
fOmMMoOoydtemMSCdr f jtcjotsL COn.

Copepxanue lNpasun CPO

OcHOBHbIe NONMOXeHUs NO OpraHu3auuu

e AO MexaHu3MbI perynupoBaHus

1. OGume 1peGosarna k unetam CPO 1. Mpuém nepeBo3MKoB B 4neHbl CPO

2. Opranmsauvn nesTenbHocm CPO 2. 3akpenneHue nepeBO34YUKOB 3a

3. B3aumooTtHoweHus CPO ¢ uneHamu MapLupyTamu (npoBeAeHue KOHKYPCOoB)
CPO 3. PerynupoBaHue HeperynsipHbIx 1

4. OpraHuzaums npoBepok yneHos CPO TaKCOMOTOPHbIX NepeBO30K

5. OTBETCTBEHHOCTL YneHoB CPO 4. KoHTponb AesATeNnbHOCTV NepeBo34MKOB

6. MpenoTBpalleHne KOHNUKTOB 5. MeTtoauyeckoe pyKoBOACTBO U
MHTEPeCcOB KOOpPAUHAUMA AesATeNbHOCTM hunuanos

7. O6ecneyeHune NMyLLe CTBEHHOM 6. BHeceHue U3meHeHui1 B
OTBETCTBEHHOCTU 3akoHoparenbctBO PK

8. [locyne6Hoe yperynuposaHve 7. Dpyrve anemeHTbI perynmpoBaHus
cnopos (cybecupupoBaHue, HeneranbHble

nepeBO3KU U T.A4.)

t Mz distGsHY ey Oded ] HtcOQoddz vt [
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| ZOo dzr &3 o 9o tsSHtSAdZ WwWodzw j Isfpw Is ts, Yybsts MOdtstej 6 Iz«
ftoJ Hf O©OEERFRMise © M tsmMtsedzs © CtOIsyYO2h dyJ fntc;ichf dz
tcl OdzdL ts9 Ols! f SH Codzstetsdzj @3 G tsfmizH Otmls L WW el
fOomMMOydtemMC dr OolstsBblMmMde = § jtoj otsL 5C.

]l Oy dets? yOflst ¥ Y BtWHCO tOBSISr wt [ WwWodw jlsmw ¢
ftcOo BB YL Odzdztsisd d s dmoOdzdJ B~ OdzdL s toj G kzdzd
MisOdzH Otels™ (tedMmMlzdzsC 3) :

1) stec OdzdL Oydw HsMiskzy O ¢ fjtejoBLEOM 5 tod |
fOMMOYdteMSdd3d fjtcjoL OB OolstslstcOdml Stcls 5 d3;

2) ettt fijtjotsLydises dz0 dgpgh tckzlsr o t6j ¢ kzdzw to

3) SCtdsttsd dhf sddzd dzdv L O sdzsHOIsj dz! Mlsa O 5

[ S sdzdzd Isd dz! dz § d3 ~ Odzd L d3' teJGIzdzc{teisaOdzo[W UJtGJ‘

DRI IssHdyujMEs] wkzi(tsotsHMmMisots WddzdOdztse d fjtcjofs

2QtcOL OB SISC O ftosjCisso dL d3j dzj dzd 2d3tsis o dzd Wd dzd y d
Z{ sdzdes d3ts yJ dedetsd3 Stec Odzy d Hts. dscfdzq’fnlscjtsfr]lss)@: d oy

)y stcc OdzgdL Oydw ftetso jH dedW OfmMyy stse IsOtdW so dz
mMeemMdHdtecso Odzdw bkB'" IsC 59 UJtstlquo[Qrsa zO toj 6 lzdzd te

4)tstec Oded L Oyd W B esftedWisd? fids d tadgifrrigd uel Qiiedef' 2"
fdteJotsLyds se;

55ddzr j] Hj2Mlsadw, dOftcOodzj dedz’ j dzO tojh jdadj ftotfs

L MexaHu3Mbl perynuposaHua B CPO ]

OcCHOBHbIe TEXHONOTMW YNpaBneHnsa

|. BosaelcTBUE HA NePeBO30YHbIA NpoLecc
1. [fonyck k BeATensHOCTV NePeBO3YMKOB (0N1A BCEX PerynApHEIX W HePerynAPHbIX aBTOGYCHBIX W TAKCOMOTOPHBIX

NepeBoaok).

2. PacnpeneneHwe MaplupyTos CpegM NepeBosMKos:

a) NpoBeAeHKe KOHKYPCOR Ha NPaBo SKCNNYaTaLUMK MapLUPYTOR — No MewoBNacTHEIM, BHYTEMOBNACTHEIM, MOPOaCKUM W
NPUIOPCOHEIM MAPLIPYTaM;

G} cornacoBaHne MapWpyToB ¢ KOMNETEHTHEIMK CRrAHaMKM JBYX CTRaH — B MEMEYHapOAHOM CooBLIEHHH;

B) BbiAadya paspeweHi Ha OCYLWECTENEHWE NePeB0IoK NO TEPPUTOPHK WHOCTPAHHOW CTOPOHL! — B MEXOYHAPOOHOM
cooBLEHWN.
Il. KoHTponb 3a AEATENBHOCTBH NepeBo3YMKa
1. Mo GeaonacHoCTH NEPEBOI0K — EXECMEHHEIA MNW MEXQYPERCOBEIA Tex.ocmoTp ATC 1 Meg,ocMoTp BOOWTENEH,
npocmnakTika GesonacHocTy Nepeeoack, cTpaxosanwe [T10 nepesoadvkoE nepe naccaxwpamui v Enanensues TC nepeg
TPETEMMW NWLAMM, COBNIAeHWe PeXMMa TPYOA W OTALIXA BOOMTENAMM.
2. Mo ka4ecTsy Nepeso3ck — cobngesne pacnicasyMa OBMKEHWRA, COOTBETCTEMRA TWNa TG BuOY NepeBo3ok, KynsTypa
oficnyxneanHua

[ JdononHuTenksHble TeXHONOTMK yNpaeneH ua ]

1. PaspaGoTtia peroMeHOaUni No MaMEHEHNAM B sakoHodatenbeTee PK K HINA B oBnacTtv MAM
2. OpraHW3auMoHHan N METOOMYECKan NOMOLLL PErMOHaNsHLIM diunuanam 1 nepesosdukam CPO no uenonHeduo
sakoHofarensctea PK
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