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DIGITALIZATION OF THE TRANSPORT INFRASTRUCTURE OF THE REPUBLIC
OF KAZAKHSTAN

Abstract. The relevance of this study is driven by theklaf a high level of development
in the logistics sector and a low degree of transformation in the countries of Central Asia and
Kazakhstan. The main subject of the research is the collection and analysis of data useful for
justifying investments in theedelopment of transportation infrastructure. To achieve the goal of
studying the digitalization policies in Central Asian countries, the following tasks were set: to
conduct an analysis of digitalization policies in Central Asian countries with a foctiseon
implementation of digital technologies in the transportation infrastructure of this region. To
accomplish the set tasks, survey methods and case analysis methods were utilized. The analysis
of key performance indicators, such as transit time at bowdénsut digitalization, as well as
the comparative analysis of operational expenses, were employed. These methods allowed
obtaining reliable data on digitalization policies for both the Central Asian countries and
Kazakhstan in particular. As a resulttbe research, it was found that digitalization introduces
adjustments to the cost of delivery along the Silk Road route between Guangzhou and Almaty in
the amount of 14.1%. In conclusion, the study proposed an architecture for the formation of a
regional patform for collecting and analyzing information about the state of logistics, which will
make information more systematic and accessible to all stakeholders.

Keywords. Regional logistics, digitalization of transport infrastructure, information
technology digital platform, freight transportation.
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INVESTIGATION OF THE PROCESS OF DEFORMATION OF THE SURFACE
LAYER OF PARTS DURING HARDENING SURFACE TREATMENT BY ROLLING
IN A ROLLER

Abstract. The article presents the results of studies of the features of plastic deformation
of the surface layer of parts, using methods of surface plastic deformation with the use of
cylindrical roller runningin operation.The study was carried out within tfi@mework of the
AP 19680395 project "Study of the stretgain state of deposited parts and development of a
method for reducing their deformations in the processes of surface plastic deformation” unde!
grant funding of the Science Committee of the Miini of Science and Higher Education of the
Republic of KazakhstanThe possibilities of a significant increase in the operational
characteristics of the machined parts with the use of surface plastic deformation are revealec
The possibility of preservinghe initial volume of metal during forming processes provides
significant savings, preserving the integrity of the metal fibEng study of the occurrence of
significant compressive stresses during hardening treatment has shown the likelihood of ¢
significant increase in the strength and wear resistance of parts. It is determined that this is als
facilitated by the absence of penetration of foreign particles into the metalethod for
analyzing the deformation process of the surface layer in thect@ot@e of the rolling tool with
the workpiece, taking into account the change in the distribution of metal in the details during the
rendering process, is considered. The relationship between the beginning of the destructiol
process and the geometric paeders of the deformation zone is determinguke influence of
these residual stresses on maitcle fatigue is investigated, as well as the establishment of the
possibility of using the developed computational methods to evaluate the effectivenefacef sur
hardening.

Keywords. Plastic deformation, surface plastic deformation, surface layer, part, renning
in process, hardening, cylindrical rollers, part strength, contact arc, peeling process residua
stresses

Introduction.

Surface plastic defmation is based on the ability of the metal surface to perceive
residual plastic deformations without violating the integrity of the metal. Surface plastic
deformation is one of the simplest and most effective technological ways to improve the
performanceand reliability of machine parts. As a result of surface plastic deformation, the
hardness and strength of the surface layer increase, favorable residual compression stresses
formed, the roughness parameter Ra decreases, the radius of roundintpp$ thfemicresteps
increases, the relative reference length of the profile of radicn@nsions, etc. Surface plastic
deformation of parts is used in all types of production. The formation of the surface layer with
the specified properties should be pr@ddby the hardening technolodgyurface plastic
deformation is the processing of parts by pressure, in which only their surface layer is
plastically deformed. Such deformation is carried out by a tool whose deforming elements
(balls, rollers or bodies of @ifferent configuration) act on the treated surface by rolling, sliding
or embedding. The use of methods of surface plastic deformation (SPD) makes it possible ftc
significantly improve the performance characteristics of the machined parts. Surface plastic
deformation reduces roughness, increases fatigue strength, contact endurance, wear resistar
of parts and thereby increases the durability of machines [1,2,3].
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By ensuring the achievement of a low roughness, thenrmmakes it possible to harden
the surbce layer of metal destroyed and weakened during the cutting process, which is
especially important, since with all other hardening methods, cutting processes take place either
for the final processing of the hardened layer, or as an operation precedifarttening
process itself.Methods of surface plastic deformation are promising from the point of view of
their use for the final finishing and strengthening processing of parts due to the following
features and advantages: preservation of the initiginw® of metal during forming processes,
which ensures significant savings; preservation of the integrity of metal fibers, strengthening of
its surface layer, creation of significant compressive stresses, both during forming and and with
calibration, finisling and, especially, hardening processing, they can significantly increase the
strength and wear resistance of parts, which is also facilitated by the absence of penetration of
foreign particles into the metal.

Materials and methods.

The greatest intere@d the use of SPD methods for hardening lasiged parts. The use
of the roller rolling method for hardening large machine parts is the only possible effective
method of hardening.

The purpose of this study was to determine the possibility of strengthdre axes of
transport trolleys using mechanical rolling devices with an elastic force element. The
technological complexity of the hardening process by SPD methods of this type of parts
determines the need for large rolling forces, and the use of hipddawvices for their creation
significantly increases the cost of the hardening process. Hence the need for a more detailed
examination of the processes in the contact zone of the roller with the part, which in turn will
optimize the runningn modes in ader to ensure the maximum possible depth of the hardened
layer using mechanical runnifig devices.

The formation of a microrelief when rolling surfaces with rollers is largely determined by
the kinetics of metal flow in the zone of plastic deformatiohilevelastieplastic deformation
occurs both over the entire contact surface of the roller with the part and around the contact area,
which, depending on the geometry of the tool, may have different shapes and different geometric
parameters.

To analyze thdlow of metal, the runningn process can be conditionally divided into
two stages: the pressing of the tool into a fixed surface and the movement of the roller relative to
the part during feeding. In the first case, processes similar to those occunengavspherical
punch is inserted into a flat surface occur. In this case, the metal is squeezed out from under the
roller evenly and for any section, the angles of coverage of the roller by the metal of the part
relative to its axis of symmetry will bed¢hsame. The most deformed part of the surface of the
part lies in the plane coinciding with the axis of rotation of the roller and passing through the
point of maximum penetration of the roller profile into the surface of the part (Figure 1).

roller

detail

Figure X Diagram of the contact zone of the roller with the part: feed and force are zero
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Then, if we consider the elementary secti of the surface of the part lying on the
generatrix, the sectiondb ¢ dh and a finite length equal to the projection the maximum contact
arc on the forming part, then its elongation can be written:

D =CABC- |AB|, 1)

where:AB1 is the length of the section of the generatrix;
C ABCI the length of the contact arc, depending on the radius of the roller profile and the
size of its insertion into the part (Fig.2).

The relative elongation of thAB portion of the forming surface that received the
maximum deformation when the roller was inserted into a fixed part isl ety
A

§="= )

These conclusions are correct for the case under consideration, if we abatirie
elementary sectiolB is fixed at the ends and stretches due to the small size of the cross
sectional area during bending. This condition follows from the provision on the continuity of the
material and the constancy of the volume during plastiormation.

To assess the degree of deformation of the surface in the zone of plastic deformation
various indicators have been proposed by different authors, a brief overview of which is given in
[4,5]. So I.V. Kudryavtsev suggested using the ratio efdfameter of the ball's imprint to its
diameter as the degree of riveting at SPD, that is:

3)

"4 detail

Figure 2- Diagram of the contact zone of the roller witie part: the introduction of the roller
into a fixed part with a force P

E.l.Pyatosin proposed to evaluate the degree of deformation based on comparing the
areas of the indentation hole of the roller M and its projection onto a surface perpendithdar to
direction of force action, that is, onto the indentation surface:

¢ ="—-100%. (4)

In addition to formulas (3) and (4), other indicators of deéormation magnitude were
also proposed, related to changes in grain size and relative displacement of its characterist
points or with changes in the hardness of the material in the deformation zone and in the depth ¢
the deformed layer. All these eiripal estimates are of an average nature, since they include
either the area of the print or the deformation within the grain, while the deformation and stresse:
on the surface of the print vary significantly from the center of the contact spot to és. edg
Since the rolling of largsized parts is carried out with considerable effort, accordingly, it is
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necessary to identify such characteristics of the deformation process of the surface layer of the
workpiece that will determine the causes of the destruof the surface during its rolling and to
establish when and under what conditions this destruction begins [6,7].

Resultsand Discussion.

The start of peeling determines the permissible runmngodes, while the surface
properties are formed in thedntact zone of the roller with the part, which is characterized by
geometric parameters defined for specific modes, reflecting the deformation process of the
surface layer of the part. Indicators of the critical stress state of the surface, at which its
destruction begins, can be either stresses in the area of the surface subjected to the greatest
deformation, or the amount of deformation of this area. The peeling process has some specific
features, namely, thin particles of material that look like scalgmetals are separated from the
surfaces of the part, and cracks appear in the surface, directed deep into the part.

During peeling, a thin surface layer that was directly in contact with the processing tool
is destroyed. At the same timegtldeformation process itself during rolling is realized in the
contact zone of the roller with the part, in which the structural changes described above occur,
therefore, the formation of surface properties and its destruction will be directly relatesl to t
processes in the contact zone. The final shaping of the surface during frumpicaurs as a
result of wavdike deformation with the formation of a metal wave in front of the roller and
behind it, which has been established by studies of the kiradtibe plastic deformation zone
[8]. The final formation of the microrelief occurs when the metal is buckled behind the roller,
that is, when the material of the part is squeezed out from under the roller tangentially to its
profile. The presence of sualhmovement of the material in the contact zone from the point
maximum insertion of the roller into the surfadg in the direction of the free surface to the
point By (Fig.3) contributes to the separation of the elementary layer from the treated shtface.
the same time, when the surface layer is deformed and the texture is formed as a result of grain
pulling, tensile forces arise inside the considered elementary layer.

P . s

roller

detail

Figure 3- Diagram of the contact zone of the roller with the part: runmngith longitudinal
feed S and running in force P

If the tensile forces, summing up with the movement of the material in the contact zone
of the roller with the part, exceed certain values defined for this material, and, consequently, the
amount of deformatio of the surface layer will be greater than permissible, then the rupture of
the elementary layer subjected to maximum deformation during the rolling process occurs. The
presence of stresses perpendicular to the surface causes the separation of fresnldlgerpart
and a thin plate resembling scales, characteristic of the peeling process, is formed. One end of
the plate rises above the surface of the part, the other end remains fixed on it and cracks appear
all over the surface, directed into the deptlthe part. Therefore, if we consider the deformation
of the surface layer of the part, the peeling process will begin at the moment when the degree of
deformation of the elementary section located directly on the surface of the part in the contact
zone @ the roller with the part exceeds the permissible, and the condition for the beginning of
peeling will be recorded:
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§ = [4], (5)

where:U - is the degree of deformation of the part surface area subjected to maximum
deformation during rolling, U] - is the permissible degree of deformation for this material.

In accordance with the theory of S.l. Gubkin, we will use the conditional areth
deformation characteristics, which allows the use of mathematical formulas describing the
relative change in linear dimensions. Since each section of the surface, passing through
the plastic deformation zone during the 4ianis subjected t@ force effect, the magnitude of
which, and, consequently, the degree of deformation of the surface, depends on the position ¢
this section on the contact site, it is necessary to consider the change in the linear dimensions:
the surface area at its masum deformation.

Select an elementary rectilinear section of the part lying on its generatrix. We assume tha
its deformation occurs independently of the lower layers of the metal, that is, its volume is
constant during deformation. The section, fallimpithe contact zone of the roller with the
workpiece, bends, and since its ends are on free surfaces and from the condition of continuity c
the material during plastic deformation, we assume that they are fixed, then the section will
stretch with a decese in crossection, and then, taking into account the small size of this-cross
section, the process takes place deformations similar to simple stretching. If, when the roller i
statically pressed into the part, its introduction occurs under the actany a transverse force,
then a longitudinal force also occurs during rolling, which, as it were, stretches the deformation
zone in the direction of feeding. If, when the roller is statically inserted into the surface of the
part under the action of aansverse force, an elementary section of the surface lying on the
generatrix is stretched along the arc of con®&€B (Fig.2), then when feeding this section,
determined by the magnitude of the transverse rolling force, under the action of the loabitudi
force will stretch along the arc of conta#atB:C: (fig. 3).

The total force, that is, the resultant of both rolling forces in magnitude will be greater
than the transverse one, which will lead to an increase in the deformation zone and, accordingly
the degree of deformation of the elementary section of the surface during the rolling process
Free surfaces that are not currently subjected to deformation are located to the right and left c
the contact zone of the roller with the part, so the elongaifahe elementary section of the
forming surface of the part occurs along the contact arc in these directions [9]. As a result of
deformation of the elementary section and its elongation along the contact zone, the values of th
angles of coverage of ehroller will also change under the action of the longitudinal
reinforcement of the rolling the material of the partand22 . The implementation of the feed
leads to additional deformation of an elementary section of the surface equal to the projection
the forming part of the arc of the roller contact with the part during its static indentation.
Additional deformation is caused by the application of a longitudinal rolling force and an
increase in the resultant of both components of the rolling fdreen, taking into account
formulas (1) and (2), it can be written that the value of the maximum deformation of the surface
layer of the part during rolling by the roller is equal to:

U= C AlBlcl - AB (6)
AB
where:and 2: - the angles of coverage of the roller by the metal of the part in the feed

direction and in the reverse feed direction in radiad = 2R sin2o0, where: 2o - the angle of

insertion of the roller into the part during its static indentation.
Taking into account the recorded ratios, it is possible to transform expression (6) as
follows:
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(21— 22)- 2sn 20.
2sin 2o (7)

U=

According to the formula (7), the degree of deformation of the mostssttesection of
the surface of the part in the zone of plastic deformation during rolling is determined. It can be
assumed that, in accordance with formula (5), the destruction of the surface will occur when the
relative elongation of the elementary sectxceeds the permissible. The fact that the degree of
deformation of the surface, determined by the relative elongation of the elementary section,
causes the beginning of the peeling process or the destruction of the surface is also confirmed by
the fact hat peeling also occurs when running in without feeding. When rolling without feeding,
the deformation zone is formed only under the action of the transverse force of rolling, and when
the part rotates, the value of the deformation zone increases dependime number of cycles
of deformation of the surface of the part during its rotation. In this case, peeling also begins
when the maximum amount of deformation of the surface in the contact zone also exceeds the
permissible.

Conclusions

As studies of th plastic deformation zone have shown, peeling of the surface of the part
during rolling begins when processing with a transverse force of 2800 N by a roller with a profile
radius of 2 mm with a feed of 0.05...0.09 mm /rev. Substituting into formulad6)alues of the
angles of coverage of the roller by the metal of the part for steel 20 (HBI35), obtained
experimentally by photographing the plastic deformation zone in transmitted light, we btain
= 0.35...0.38, which exceeds the tabular values of the permissible elongation for stégt 20, [
0,25...0,26. Of particular importance is the task of establishing a relationship between residual
stresses and fatigue resistance of parts acquired in ¢mmetth the widespread use in practice
of methods of surface hardening by rolling cylindrical rollers, leading to a significant increase in
fatigue resistance characteristics, especially in stress concentration conditions. A comparative

analysis of hydrblasting and roller processing is presented by plots of axial residual st@esses

along the thicknesa of the surface layer in smooth samples after hydroblasting and after roller
runningin, determined by the method of rings and strips and shown in Fig. 4. It can be seen from
the data in Fig. 4 that the compressive residual ssedser shot hardening in smooth samples

do not exceed 450 MPa, and after roller runimgo not exceed 550 MPa and both plots have a
subsurface maximum. The thickness of the layer with compressive residual stresses after rolling
in with a roller is aboutwice as large as compared with processing on a hydroblasting plant.
Incisions of a semicircular profile with a radius of R = 0.3 mm were applied to smooth non
hardened and hardened samples by a riveting method using electropolishing. Finite element
modds of smooth samples and samples with incisions in an axisymmetric formulation
represented a quarter section of a cylinder with the imposition of appropriate boundary
conditions.
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Figure 4- Residual stresses in smooth samples after hydroblasting (tuand roller rolling
(curve 2)
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When determining the initial deformations [10] in the finite element model of a smooth
sample, the experimental distribution of axéa residual stresses over the thickness a of the
hardened surface layer of smooth samfeg. 2), determined by the method of rings and strips,
was used as initial data.

The distributions of initial deformations obtained by the calculation method in smooth
samples were used to calculate the distribution of residual stresses in samplescwidn
incisions of a semicircular profile of radius R = 0.3 mm applied to smooth samples after
hardening, i.e. after advanced surface plastic deformation.

Plots of axialSz residual stresses in the smallest (dangerous)-sexgon of samples
with an incision are shown in Fig. 3. It can be seen that the compressive residual stresses, hauvil
a maximum on the surface of the incision, rapidly decrease in the thicknesssoirfilice layer.
Attention should be paid to the fact that the magnitude of stresses in a part with an incision is
determined not only by the largest amount of residual stresses of a smooth part, but also by tf
nature of their distribution. Thus, in ined samples, the maximum stresses on the surface of the
dangerous section after roller treatment are more than twice as high as after hydroblasting due
a more complete distribution

0 0,05 0,10 0,15 0,20 025 d mu

200 /_*-—*"‘
-400
//’ 1
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Figure 5- Residual stresses in samples with an incision R = 0.3 ftemheydroblasting (1) and
roller runningin (2)
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INFORMATION LOGISTICS OF VEHICLE MAINTENANCE

Abstract. The development of road transport requires information and digital logistics
support, the ability to track goods and vehicles. To meet modern requirements in the field of
modern quality margement, it is necessary to organize the activities of car services to solve
technical problems related to the speed and intensity of development of the regions of the
Republic of Kazakhstan. For the efficient use of trucks, it is necessary to introduceyanite
information logistics that ensures the reliable functioning of such activities.

The scientific novelty of the work lies in the provision of information logistics for the
service center of preventive and technical services necessary for thd andw&dficient use of
rolling stock.

To achieve this goal, the methods of complex analysis of induction and observation,
generalization, structuring of information, systematization of information, factorial forecasting
were used.

Keywords. Trucks, numdcal, systems, quality, technical, service, warehouse, parts,
efficiency, management.
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Indz Etedzj Sl d' & f SeMEWERORG OGO X IOL tZDO B s dZOH
dMifls’ € distsd3j dals

M, =\ MZ+MZ; 2)

tjHECISttE B d Clsjto' daM Jifipjdfils j M) tagdsidsj dzle 5 j taf ' izt € i
" OCkttdj dz B O dzOdzr My Odz, wDdzd kOt yOOW Sttt dzd
/ =M, /M,

s"tcOYIs™ D dzj
M, =M(1+/?)"?,

3" dzH DY B j dzG ' dz' SOttOdzlz LOW"r d&3j dz S JLHJ2MBY h Oc
KOEOd&EM "@UBOM' d' W kOwOdkk LOWr d&jd Mp2Cjf CjdjH'
Hd MY j eid Wzj &Glsde® Bis2 " dgh O Odz' Y IsOdzOH T :

my=m,(1+12)"2/W; s =s,(1+12)?/W.

[ dzHM DM, Isplzj ' L CjLHj2fBY " OkOd&ZO®E B i’ da
ypdgj Isjte' iy BtsdzizT a3l di3C * dz, MtsdzgH ™ YIsOdz tsdzOte 11 h "' dz
O ZOON r d@iteH "Wz Hd MY j ehd W &zOter o' daQBNEs . Is j(uh | B tsdz@H '
Bsdzj dzlsls* W " yIlsd B3OdzHr ¥ Is"T OFr LHTMr OFf dz sOB O L .

[sdBjdslsjteH' W B ' to' CCjdz " YIsq®BOMZH ¥ ST D' LH' YO
1 ool M- m)?+(My - my)°8

expe- U.
7 2s° i

M, M) =M )iM ) =

M¢ > D dif, Ofzr B3Oz dzOte' MgOp RJOD @' BOdz" dzZOte" dzO CE M j &' 1
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[ "dzhi OH ' W 3l BC " dp, mBD dRHejOl" da ' (dzH O e dzOdzOMy Odz H j
Islltedzj dzH ' tezH ' W (S tsBdOder 3f &zO0DOdz Isj W:
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(3) sOtcOdzz ' dzr W OdzD Oh y r Bsdj dzlsls j o dz  Is
s tstedw zBR™ dfh D] ks zO0Odz dj BB OB L :
n/2

(M) :H\Agf(mp)dmp =(2s2) 1 (@+n/2M(-n/21-d?/2),

&" dzv O@W=mk, M@bx) i ELGjh ] i jedjsdjlscds
n=0 §jL "  dionpx =1, fitsdH' ylsOdz ( 3) s Otc O dzkz ' I
Ste’ dgH O ZOH T . 02 OdH ' 6 D Odz da fHOjtetelsy jdis o3 i 1o teif v ot
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m, =m(1+1/2d%), s.=s. (7)
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[ dzn od =k ?+k?=8.
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m,=m, /W =nf +ny /W, s.=5/W, 9)
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P=A [(mR- rrg)/w/sé+s§J : (10)
(1) Etdic’ jMifljlz Cjtedilz® nh'dz CjLHj2MBY

B"tcOdzk SELPZHQEHE] @' OEZH OdzgH OtcH OQDr  j W 11 dzC jdz 3 OdzOBO ¢
ypdaj {CodoOdzjdals CjtedzjzdzjteH' W yYOwOf O & ML ' dzizr
Cn2 Codi3ftsdgj dzlslsjte”™ 1uh ' dz yO0dzfr YOOHO2HO jWw 1Idzjd
fMsde d3j dz Y BGIS Qe heOjetts'™ ¢ s fq' dz' ¢ Hy dBOD" dzOfM" dz Ny
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ryYilsd d3OdzH ' y BOOD" &ZODO dJ Btsdzlzr Cjtej C. DOk
My dzg° dH " d&z' ¢ ' dzg' v B3 dzd sz ds h OtclsT f zOfmisd ¢ Odzr y
Odz' YIsOzzr Citeg €. 1"z ElsPtoHdu dzts tgdpQ@ dfO fipzD dig  * (
Okzr mizr B3I i3S dz, SdzOtcHO® &OIsj BBOISdS Odzr v nd3' s
Citodzgj 2" d2' w "rylsddzOdzHr v E 2" j &' J W 11d¢jd BBA&OH

rOdzf r Y ODHO2 ZOtGHO dOIjtedOdz Y Oter dzOMEkzr Ok
JMif]lERPpdOHOdZ Y EFdRZHO Y OtcOdzOIsr dz OkHOdzH OO J
BtSdzZOH " :

S=@2-/)s,+2(/ - ¢t,, (11)

3" dzH @Qf ¢, - CEXZB jEZ OZHOddHOBHODE' $C j pozjzl dzpte
Cidtodzgj dzj eHj 6" BOIjtedOdzHT W MjL "' BISOdzHT ¥y Ctsi ¥ &
N OdzZOdRO € jtedgj Zdzjte YOI dzOM" dzO Isjw BBdzr f Odz' daC

o sdz’ d3j de, OO0k hjae' Bl =5 fgh .OR H j B4 Isff z@fHIs d
BOIsj ted OzhRQte 1O dHJ Odz dIstels/ =d30dsij tels jOwizH OKts’ td M dzhdz
BOjtecdOdzH" W Bjte' CIs' CIs' G Si¢ YOO Y OdB®BO ¢
QJtGdzJIzdz,sz Odz" Y IsOdzOH T .

R'dz"f B"teOdzz € jL ' dzgHJ

S, =@@+cos2a)s/2-tsin2a, t,=05ssin2a+tcos2a. (12)
JdzHO iMmifls" ¢ Cjtedzgj z2° d3f dzO0DOdz Isjw BESd&ZOH' :
S=As +Bt, (13)
d3|| dZ.H [ORo i

A =0,5(2-/)1+cos2a)+(/ - Ysin2a; B=2(/ - )cos2a - (2- /)sin2a.
[(Mif' ¢ CjtedzjzH' W &BOLj BOdCOd v Nd ' dj
mg =Am, +Bm, s2=A’D, +B’D,,
sjtedzjzdz € CH2H' W debtedBOd StBYf sdzj dalsls j to° dz
{ dzv © fj dai=BHt), dzl3'SdzH O

t=|m,- myrfsZ+sz] 14)

dtsdz” Bjdz " YIsdBOdZHT Y 1 dasf) & sOdrr W 3tz ¢ s dzB s dz'
fMjdd ddH' &' Cl' W ddded Bz s " OtclsT y Odz O I€Ctatt) dal H
-lsaB“'aafhr B2 dzh © i3 ded sz dgH ©2 sIs' ter ff Y Oz {
imitgls Cjtedzgjz' dz W T YlsdBOd&HT ¥ fdf Olls OO kO’
1 "Eiz? H H j OO MG deZ@ls | 1 Ou ' dz 1l dej fighs ' ytEjodg' Q2 H O
S=ssin2a +2f cos2a;
ms =m, sin2a +2m, cos2a; sZ =D, sin®2a +4D, cos 2a. (15)

[ dzH ' d3r dzOdt/HaADIE I§ Oafz ) * SjJWHJEH' Od&zOd" L :
x* +ax +bx? +ax+a?/4 =0, (16)

_ m/(4D, +Dg) ) my(D, - 4D,)
n tg2a, =-=r 1 "R/ ph=1 [4-d°, d=—"F—= £
" dan GO1G23, a=- T Tp Y bELva 2m (D, + D)
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I"dsjWHjEH" W sie" to', i dz' d3H Cdzg2i s O te yd3firlzd d3lz d3H
Bjdze' dzj2 3" L. [degHO (15) OtcOYOls" dzgOfr dz stedc tsdesdzj Is
mg =(Cm, +2m,)/(1+C?*)Y?, sZ=(C?D, +4D,)/(1+C?). a7

sdzr dzj dz, JMitdls’ WO&zY torlzj INdtels B O RFP @ tcr hjCl" ¢ ¢

BE&OHT . 41"z StdOdkOmk jtejyjdjt' Bjt' Sl C §jd Mmj
KO dICljHjc¢' Cjtdgjbd € CHN2H' KkOkZHOEZHO Y &d&O2 d

1DIsdyJdzijte Ypdzagj IsOdzyr dzOE.
[ dzH dMmMifl" ¢ Clteded 2 dz' wer dzy IoigjdgO ooz’ Yd3  fry dCteBidfls
Odzr YIsOEzdzOter dgr W Y kr vYIsOE &@BHBE" dzgH' Clsjtc’ dz Yy OtcOMmisr to

m, =m,/W, m =m,/2W, D, =s?/W?, D, =sZ/4W?, (18)

B dzH @P M, 52, s2id dzZz yDpdzj B" Ok sy delsls e’ dzgH j G
fjdz HdMmyjtemdy. (18) Etedy ¢' dzjslp=s=sOPBD HO? cz@igizh © -

D,=4D, Y ODHO2" d&zO mMpD2C¢ jMm CjdzjH" . d ts dzHaOs "jtdy j[@rilsdz € € j
BO2 &zOdzr Misr sj-BOM Issiwdz] 1 "dz Y ODHO2HO, wodzd d3ZOIsj RO
BtsdzoOdz € jL ' dzH J iMmMifljk Ciltodzj 2° J v Ndz¢ j dz BtSd
Odz' Y IsOangfda=0" Otcls™ dzOdz 3" dzOdzOte h r DOH T

tg2a, =m,/ 2m.

[f)' OzHOEGHOD' jMifls'C Cjtdjlzn'w rylsdBOdH’ ¥ -

S.=S/W, m =.n¢+4n7. (19)

SEt' Sls" cDOdzr dZFr LHO2,i hOy "Wttt Zzez@dej @ ( 3 )sd BRO
"y mMOmMBsUr f IsOBT &ZOH ' Odz ¢ ] PirEDEROWOEY & ( BWH " Y
Y OlsT dzOfr dz© M D2=4D M O%klsdzfz®'dz ( 16) IsjwWH] k' daj

a=-m/m, d=0

NDdzj Bdz 5 dzOH ®Ac=mj/Pn} ,d3GR" ) ( UBj))WH j e Odzd&3OMIsT 60
NibC ' Lke] BBEOHT . [rdaHlOd GATIHITISY € CHj Qdalig) rdgO dBOt ™ 11 h
H'flsjte Hy MD2Cjifg CjdzjnH® ((9), (17), (19) OtoOy
Huter Misr Or dz JMitflsjlk Cjtedeiz' dg W OLT Y Cjtedsj 2z &
(10) ybpdzj (12) Etcdzj @Bt &IlWEdp ks scOdz] dz  d§"
‘"dHj G BOj BOLISOdE Y Nd& kl'w jw ndSjd hOtkl
Sdzj dzgsls jto' dz' w CjL Cjdzejdz ndmijemdw dzOter 1uh ‘|
dz. HSdZH' YIsOdz HO jMjflsjlk CQfifcddg £ Odzt Wis O kyHisfoc
"®BHdz Clstw ¢ h' hOElsr dZF W Sdyr &z0 yEZry h Ol
s* v ldzC j dz' dz2' w Yy OteOf O27 3" .

jdz HdMY jemdwY ZOtcH O C jtodzj Edzjte § sl t5dz
r dzOH T

J Y
CJdzc j
YyO2Is®H @®@?2 0

-

Mg =g +Af =+ /W = m/W;
54 =+/D,ME +16n¢¥D, /m, =+/5,°nE + 52 /mW. (20)

I1"dz OOy Ols" dzOMilsOtHT W Yk Yy deblsdy jdzjte'" dsj dz HD
dzj i3 Md (2) Etcdz SIsjtc’ dzg v j2dzstc Y OIlsOter dzO ' Slsjlkz ¥
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roOdzf "™ @Da¥da=0" Otels™ dz@Qdz" ( YIS J clzdzy dz OXZONB" L :

Ll ) S
[dHO (13) BB2' d" O
B=[2(/ - 1)- (2- 7))+ C?, A=|2- /)ie1+C)2+C(s - D|iNIvCE.
[ HOERB 2T dz" © (20) Etodzgjc’ dz OdzOB" L .
Distelsr dzH T

ZJSIk" ¢ Y ODHO?2 B2 dzh O Qtsdzfnlstslzgqu L odzj o3
Y"ter dzBe3dzh j CIsj o' dz' Wy J szm tz§ M2 j dzj o' dz' v sy Is
rYIlsdd3OdzH ™ YIsOte" dz Odzr YIsOk nh' dz xOdzff r splzj dzH
Citodzj Zdzj tcH' W DtolsIl todz' Nd° CJLHIMII" dz2 sSOttOdzkz
Odz" YIsOE 1uh" dz W stczsz zOdzOte I rOderodnls i is O ldzd fls d ® @dg'z
dzj €' L " dgHd YOk B"LMdzE"drWw Mmidg d@3H' dz' ¢ dz Odz
Cjtodgj zdzj dzgc jdz SN2 BS2r dgh O Mjtef ™ d3GH' X D dzj fF]ISJt(
dzj 6" LHJdZH® Y Ddzj L OBROdz IsSOzOY IsOter dzO MO2 y jIs’ d

CIr{4RLYU[

[1] 1 0Cdtee r.1, vOdzdteB j e j dzgso O . ¢ . 1 C
ClJtodzgj 2dzj tcH' W T YIsdBOZHT Y Md§ OlslsOB3OdzOter dz Odz )
1200717 2. 194

2] 1tdslsdd 1.1. 1tscdtsL dqteseo Odzedj toj MiztemO
if.: [Oohddtshist&] dzdfj, 1984.

Bl j2di3idz 1., CwHj2dz ¢. 1 Mhidj. :Istg Codef§ R, dzH:
v.R294 Mmivliwdb. M.

4 1 0Cdtese r .1, vOddtBjtccjdsoO® ¢. ¢. R' dz
JMitflsik// viteiz2009.1 s Bliiay . v VDB

6] & dz0temCdm 1 .1 { mewL d B ssHO filsdd
B ssH]C 52 ftoj HJ dz! dzr"' mMsmistswdad 2/ / ¢ dz. : ]
ftesj SsduueaQdfidzso mME, 1972.

[6] RMMmMdzj His9 @dde-H O tedsd) ¢ HalBdzizs e 5 g d)is 5 1 ok

zud B dzts § fsmtsedd/ MsMmis. o. [ . 4 Otlzj o, ¢ . |
Zdzd o j oW Isqd IsH-us siRIBY :0 SR WHS iZME d 2 I_I[iSdZCflSJndZdl{J-fl]gd
146 Mm.
REFERENCES*
[1] Bakirov Zh. B, Tanirbergenova rAe tA'. n

kerneulerd' " w yyYytimaldyy sipattamal ar3007.iany}
T 2-:S.91i 94.

[2] Bolotin V.V. Prognozirovanie resursa mashin i stroitel'nyh konstrukciy.:
Mashinostroenie, 1984.312 s.

[3] Bejtmen G., Jerdejn AVysshie transcendentnye funk€ijM.: Nauka, 1965 T.2.1
294 s; 19741 T.11 295 s.

[4] Bakirov Zh. B, Tanirbergenova A. A. I
esepteu//Trudy KarGTU. 2009.1 -~ 3 1 S. 531 56.

[5] Snarskis B.N. O svjazi metoda optirmgh raschetnyh znachenij s metodikoj
predel'nyh sostojanij//VV kn.: Problemy nadezhnosti v stroitel'nom proektirovaSierdlovsk,
1972.

57



DOLssd mOBOth r 2023~ 4 I$SN2A6PB8L7(Print) The Bulletin of KazATC
l imlsded & s OL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

[6] Issledovanija  naprjazhensteformirovannogo  sostojanija  trudoprovodov:
uchebnoe posobie/sost. A.L. Saruev, ARudacheneko. Tomskij politehnicheskij universitet.
e izd. Dop-Tomsk: Izdvo Tomskij politehnicheskij universitet, 202146 s.

Anar Tanirbergenova, candidate of technical sciences, associate professor, Satbayev
University, Almaty, Kazakhstan, 1957.antanir@mail.ru

Perizat Aitmukhanova, candidate of technical sciences, associate professor, Satbayev
University, Almaty, Kazakhstan, aitmuhanepearizat@mail.ru

Adil Aitmukhanov, candidate of medical sciencemcent Al-Farabi Kazakh National
University, Almaty, Kazakhstan adil@mail.ru

Klara Kudabayeva, candidate of pedagogical sciencdscent Abai Kazakh National
Pedagogical University, Almaty, Kazakhstan, klauamlabayeva@mail.ru

DETERMINATION OF THE RELIABILITY OF STRUCTURES OF ELASTIC
SYSTEMS IN A PLANE STRESSED STATE

Abstract. This article is devoted to the problems of determining the reliability of
structures of elastic systems in a state of a plane stress state. However, when developing
calculation methods, the reliability of elastic and rodesys is taken into account. Therefore, it
has been improved in accordance with the requirements of the times. It is important to choose
design parameters and technological solutions that ensure reliability angktongerformance
in solving the task. Whre calculating mechanisms and rod systems of structures, bending and
torgue moments are correlated. Of the normal components of the stress state, the calculated
stress is also normal. The bending and torque moments are connected by a single force
coefficiert, that is, they are strictly correlated and their ratios are constant, and here the dynamics
of a random variable is determined by a known distribution law. If the operating voltage changes
during an asymmetric cycle, then | will use the amplitudes spddii the equivalent symmetry
cycle instead. The reliability of the structures of elastic systems in a plane stress state is
determined and the dynamics is given.

Keywords. Design, reliability, rod systems, limit stress, limit state, fatigue, servieg lif
integral, distribution theory, endurance limit, probability.
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1 silsskl tdz BTz kdkzyh jd o Mmeskejlkfsadd M
CsdelsekSlsdodsy j] §O0BO®Rjlser d lkjrdsdseduj S dj

Hdzdsgellzr t©OBGltmy shmtss dshls! f§tod tjhjddd §f
BjnOddLdisse d Mmisjteydjor n MmMdmsjd SCsdhstezs yd
Bsdj dlsT . RL stdkOd df & MehlsOodvs h R dzOf oW ¥ |

tcOMmyj sdetsy 2O tow ) jdflzd § tolz IR haffB O elsts dz? dals * Mow L Od
Cst WWdydJ dzls s a3, sts j Mmlis Mstesets Ctstotej dzd tetso Od
Hd 203 € © Mz yO2 dets?2 o j dzd yd dz' sftcj HJdzWw jllsmw
ttOBtsYJd dzOfteWy jdadj dL d3jdzvjigh® dz®, Isly s szdkj fn 1O
dMf sdz’ L 59 Ols! OB dzdIskzHr | ZCOLOdzdzr § © 1+ GCoadoe
%ZOH j y desfls! CdlmlstezCyd?2 bfiwkedrn mdmsjd o { d
Hd dz20d3d € O.

sdzs yj or j. shidipls@elz ¢ ydw,  dzOH § 3 dipEdnjlsdsr,, fifflstg jtadyd

RO tewy jddj, fwjHjd dsj mehsswddj, kilsods:
COMftjHjdjddY, f(ojHjd o dshdads shisd, o) tswIsd
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sPJwsuvf fWReURPOEI] O ourzsf T ovuv 3L
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JI41RrRvURsd 1 ¢ viodor e}l ftuvr, Jt14o1RYOGARC dPortrl

L §65.012.2 DOI 10.52167/160948172023127-4-60-67

[ (D0dzy Sy Jow. rOHJMBEOLT I BYOaBIISSO0O, [ .1 . Ukt
PCOHJBIY GCtOYHOEMNEB2 OoadOydd, ¢ dzdzOlsT ,
[ -mail: kalekeevan@mail.ru

Vi fafrf3 R Vrtewlrsurlg $¢rtlli{1 {18l rY[1RC ¢
{ut o

O dzdzElsOP Y Oyd sdzdzOW 9 iz g Mz SHdS2 (L dzO0d B tsdzj |

sy dr 7 GkteOmdj 2, kojBkshj2 ormMsCs?2 SCoOddWds¢

MslstelzH dzd € ts9 . ) H O dzdzts 2 MlsOls! § Qolsste B©BWIOMN O Is

MsOdS do Oj kv 0o dOYydBsddoy slteOnd: odzdgs d@dpsde ¢ O
sjndtsdzsed?2 d dJdzdzse Oyd?2 zO dzj sBRtHJ®sMS! B dts
OdOddL qek jIs MlsteOljecdujMSdj HBCEdjds', kOSdj €O
CsHOe d -0z WOgEee, Ctltt' j SiwjHjdvslk f§tods
OCogd®d d COHEmSotct (lsjdydodd. | MksOk! j KOCY,

ftocJ HdZOGO] B2 [ I HEROtGSHdS?2 ttcOddL Oydy 2 GOy HO
COHtttsoatse s slsj dgydOdzO Oo Oy tsdedets?2 lstcOfmdzd,  tSHH
ftodo dzj uj dedf fgsjdasfOdzd filsse d ©wWOLodldd dzdH jteflse O.
slstcOfdj o s2 ©OHBRS] SCoOddWdCOyd?2, dcewOsh j2 o0y dabz
@ZOo " Ctso d CoO0OdJWJCOYd?2 HEzY OodOydtsdzdsr 7 ftesW j ify

szt Yo' j sfaetees® s B MYJudddd, agdoOjdE@goOy
CoOdzdWdSOyd?2.

l'edHjdedj.

dodOydsdzdzOv tsls tc ©fdz wWodzw JIsfpw 9Oy dzr 5 Md C sk
Cdzs yjokzs tstsdzJ 9 CdzsBOdz! dets? Issteesodzj d fjtoj dzgg hJ
Mty Jh dats g WideC ydesdzd etso Odzd J§ OodOydsdedzts?2 tsdfdzH 2z Mk
Ctsdif J Isj dzls tsfr]lsq’ d LWWiClde desflsd dd i J et dzOdzO.
Qo dOyddzdets?2 SlstcOMdzd fsBSEOjIs tsyj dzdls! sjSkhjj f
CoOdzdWdydtetso Odzgdz" = S OHteOR H&VW B jMjyjddwy jj 0

dbodqOydsdefip@™ WO Ilsmw Hds?2 L Sdsyjo' s lsteC
sBd M juydeOw cdzsBOdzr dgzs Mo w L dzgsfyls! d otL BB dztsmls
cOLodlsdjd3 OodOydd oL ddCOsls dtser j orfLBe" 9o sBd
YygdmdzO § OfMMmoOydtetse ' @OJOYdideds ~detsls j - desdzts 6 2 Is to
My J ydodzd mistsoe sB&ZOHOs h i Mistslse jlsmisealzs M ddisd dzOs
Isj ndetsdztsce d d q’ ddzdzso Oydd © OodOydsdedes? lstcOfMmdzd
ZOor"r Cso d W jMhdsdoOd dsets ©OLoadlsdw.

1 HBEBMISOIBS &usdiff jjtsf eaz@adzrO© o O©Oo dOydtsdzdzts? ddzH 2z
90y dzgj2h dr EctetslL BJLEBfOMdesMmIsd o {1 Ists?2 Cdz¢t yj ots?
stcjBlzjls cdztsBOdz detsects o d3gi h Olsjdzt Mlsoa © Mts Mistctsdz
Qo dOydd wodzwjlsimw thdss Y sbctOF i ddz | § i@ dstsiziz) Is
sy dj2hdid Ijrdduimcddd Bl jCOBd, d da +¥WJC
LOoadmwlils tslis dzO dzd ydq w or M tsCoOdzdW dydtctse Odzdets G ts
Msseh jMlsa® M ©OLoOdISBES?2 dOEydzes?2 PSP dapdeyd jviij ¢ =iRis xSk
COttOdzlsdteseo Ols! Mstslse jlsMlsakzs h ¥ CoOdzdWdsOyds HdW
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l osCtc®BBEO®, toj OdzdL zj 3OW o sOLORMIsOdzj o e
ddzd yd Adn@o jwo dzv jIsfpw 90Oy dz" d@3 N Oesd3 ¢ HBMIsd Y J dad
OoadOyd MstcOdzj, BYfdmMOdzdz" = o ¢1 OydsdzOdz! detsdz
ZOydd 100 hOctsoae. | dOydtsdOd detsdz § dzOdzj tcOL ¢
sBiMfjudddd oW jimMmdsdoOd dscts tsebkzyj ddw d ft
ML HOmiEdge o2 Hdzv ftedodzy yjdedW BsdzsH' » MY Jydod
&ZOygdryo o h Octseae EMlsOdzOo dzdo Oj s HB&EesMesydzr §
MstcOlsjedd OoadOydw tOmMmMdzOlstcdo Ojlsmw o 68 h O¢,
BsHj dzd It OdzigfmzH OtcMmise j degdese s 6 j dzZlsmiso O SO
Ocj dzsMlso © OCodOyYydodedets? BJ LY OMdesmisd [ 1] .

fOLodlsd] SCOHttsoer tslsj dydodzO o anquB
SlsteOx j ded§ o stsdeyd § yd ddzeasf ipldsufiv ¢ ldste @sdrfrifif tiside Msialr
EBHO. 1 ©OKRCOR SCtdyjfydd fojHbEhmdBslsts] ds t
sBJ M J ud ddw ) 0o d Oy s dzdzts 2 tsls tc Ofydzd , tcOL 9 dIs
fjtemMsdOodzd, O OCYj bkdizyh jddji Mmdmlsj dkr MmjtlsdW

dlsteOlsjedud MEdifhBUdf@iddzdsy OLIOfF MisOdz dd3j ¢ Is
tcOLodlsdY COHttsoatsets BJjMYfjuyujddy O0odOydtdzadzs?
L OH OYd, dzOf tc O 9 dzj dzdz' | 2O tBlkYyJ dzd g , fSHGE SIS TS
M j ydodzd mistsoe O IOCYJ ML H @] jodz'zin dzs &5 d W HHA
Qo dOydodzdes?2 tslstcOMmdzd. RR t6j OdzdL Oydw §siBEsyjls
SOLOAMOd] d §BHH,jELYO! SCtdCbkit] dstshni smtss dzs

[ O jtedOdz d d&jlssHT .

]l tOBC On ftesatcORBB NGAP, tOLwad@Gddv {dsstygl
weodzw jlsfqpw tsHdets?2 L Cdzt yjora BBEZOMISI2 HIJWIS]C
H O dzdzts 2 f tetsc tc OB fsLosdw jls MistcOdzj OC Isd 9o dzts
sBdMfjydesOW COyYjMmilse jdedztsj] B©BOLBO Odedj dd sBL
cOLodo OW dzdHjtemMCdJ COoyd mlse O. tdOdzdL Oydvw f
EmMss2ydessets d tOL destsBtcOL degsets C OHtcBoBE B B
o' M Bets ktesodzw BJjLBYOMdesMmisd d WWJjClIlsdo desfls

] t5EteOBRBO ( [IjOME dZOtetsH dZOW St OdzdL Oydw cto
fscHeslsseaC ] COHtese NGAP ( Next Generation of
ddzd yqd Olsdoe ts?2, O tc Oo dzj dadats 2 22O tOLoadlsdj d
Qo dOydodzdes?2 wslstcOMmMdzd. )i e g Mmisfsyyf dz6 g dzf BH
Qo d Oy s dzdzts 2 tslstc ©fMmdzd , H O dzdzO W fMlsOls+ w tc O f)fy 3t
f sHeslssoa ¢ ] COHtesa NGAP.

ltesetcORBBO NGAP Mmlstej dzdlsmw € ML HOdzeds EMmls:
B4 MY J ujddv, My sMtse dztimhts] B3d) § telfCwisftdsj’ sfipizts fny )W d3td © i)
ZOf tcQo dzj dz0O dzO@ tsHH jy Sk ©WOLadldw ftesWjmMids
dzZso ' 7 sO&zOdzZsse d wWOMh dtejddy HBMSEf O ¢ BKGOL

l tSEtEeOBRO NGAP LoOl' 00jls dzj S e dgsiyls §
9 Cdzt yow :

-l oW  MMdsdzOdz! detsj tBteOL s Odedj d B LEYJ ded |
or MsCsCOYJ Mise j dzdz" = sBtcOL 59 Olsj dz' dzr - ftesctcO
d3d Y HEzdzOtetsH dz' n MisOdzH Otcls s 9, O] SOC Y J tcOL o dls
L O9 j Hj dzd "dfds dafiz" @3dd Gt Oded L Oyd W 3 .

-ltedo dzj ud dzd 4 B dztsH T A MUJudO&quBS: NGA
fteswodwis! ddzsjteifm & OodOydtdedzts slstcOmMdzd d
Clsts o9Cdz¢ yoOils ftetscetc OB’ mbOxdean d34 dzlsigs te i) Is
HdzZw ftedodzi ydidedw d tBHHjYCd dsoarn IsOkzOdzlstse .
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-t OLoadlkdj ddHjtkMsoO: 1 BcEOBBEO® NGAP Mifsmss
COHttse d ddHjttse o OoadOydtsdedets? GlsteOMdzd yJjtedL
sfr sk d Mikjotsj oLOddsHj2Mlsedj [3].

s0¢C ydzj dz IEGAKY,C Ot jshpfL OFR MisOdz OCIsdo des EZyoOfmlse kz
dlstcOdO MEh jMlsodzv jIs twH dddydOlsde, dOf tcOso dzj dzdz
Oo d Oy s dzdzts 2 tslstc O Mmdzd . Clts 9 Cdzt yoy,ls fsSHHjWYCE
Ctojfdjddj f§Otlsdytemlss &Hx Hlz OOy tsalz" 3G o JS HSjARIED
IsOC Y J ftoj HsIs Qo dzj dad j 9L &3 detsfls § 2 MOy dtese € d
Mydudoddmistse .

]l OoadOydtsdedets?2 lstcOMdzd ( iMfEBdzdSd s0OL ORMlsOdz
20 000 vyjdztsejt. RL 1ltségts ydmdz® HnediiHij Ish &0 fyyls end
Qo dOyd sdzdzts G 5 i J tcfnts dzO dzO, 9 C dzs yow fdazslsse, Oc¢
My i ydodzdmisse s Isjrddui Mz tsBMdzzy do Odde, Bfsts
3200 My jydodzdmlstse ) MW jto] Oo d Oy s dzdzts 2 BjL Y

Ol tomhds®?) fMmdzzyB,j. sttsdzy Itsegts, Btsdzjj 10000 MY jyd«
fsor hjdzdw Coodzd®dCOYYduydls®OL or M BCo OdzdW¥ dydtots:e
slse j yoOs h dn By Y HEAZOKGBH A di3 MisOdzH Otels Od3, 0o d O¢ sd

ddzsmMistcOdzdz" = § d dzslstso .

06l " O0COHPERIOLMLES2 OodOydd"” L Odddi0Ojlsfw § ¢
BOcdmlstcses d HESlktstkse Wddshsidd o OsdOydsddas2
sS4 Istds, fesY jMNdsdod ds?2 f(sHesktels?2 OodOoOydrt
OQodOydbdedz | bkuyjsBde J vy dgisded d, s lsitOezdezd] tf 2eCdts opsCHO
My jydOddmlsr o mMoslse jlsmsoksh i ©Bd&OMEYE fSHESKES

RABBJ J sMw slstcOMmdzj ots?2 bkyjsdzr 2 yJdeste dzO BOL J ¢
fsorh jdd CoOdkd¥dcoOoydd ofmis Mfjydoddmsss s
Mtstslse jsmise dd M Isggjetza®@dEuds &5d) 2015 GcEtHE HOdzc
fMgMmisj dz sBEYj ded¥ d5j 3y HEZdZOtsH dzs? e OddL Oydd o
Plus | CAOe. Gl fLotsdzddzts otsL i3y detsfyls! o h jded
fSHH Y Odds CoOdd¥ dSs oydds MRied Onjsiusifgasdg.c I di jhiifjssidzOngk
dzj - 9 Ols ¢ 52 COHtetso t 11 cCsOLOl esdz@adecOydwe, |
fesctOBBEs? ojHjls jtotsdOyOd dkz¢ fsHEslsaClkE § OH

wkh jmsokjls dzj sldsy dzOv dzjsBRsHdBEMIS! §teddvls
fsHesksaCd OoadOydtdds = MijydOoddmsss, Ctbster j H
Mdztsy dets?2 MBoted o3 dedets? Isj mdzed & (. t Odzj J Zuj Bdze J L
Sfjtejy0Osh jets sBkyjddy, ftjHsmisOsd"w fiskHj dzsOds
slsj uj Mlso jOdedem) yflzs?2 sj Rdzd S 52, ClsstOw jhj Issd Gt
ssets, & fMudlkojd, ulkts esmskfdlkjd dr2 skttt o ¢

sfkh jMmlsodvls: Mw dzj Istsdr S5 dzO thdsej tjLbd sOts
sOCY ] (ks &iststff isteaigdHsjjdi Wz" H» L €L O3 deseo, Mt j dzdets
fsBsyjls EMCstdls! fwosyjmhm sSekyjddy d bdazyhdls:
BkHEMj d3.

) jeMsdzOdz wo dzw j sfw shdsed &3 YOS ktstesd o fdils,
ZOyd dzOj Isfmpw  jhj Hidsdzy ) dgfns © f e Mdejicts i sMOHC d . 1 j tefy
dhMssyddCsd s OMmdsmlsd, KOS dOL' 90 &' &8 " yj dzso j
dmstsydzed S sds ddaW stedkOydd t flsjdydoOod dz 7 tsif Ofmdssf
fMstseh jdd2, O LOCY] Ytddddi3O0i§d OWB e detisj tskB EffIg duj
BJjLBYOMdesMmisd f tsdzj Istsoe .

g dzj Hise Ols j dz' dats, dzj HsMIsOIsts¢ CoOdzd W dydtctso Odadz
CoOwd¥qeOydd d dsldo0yd" ddsivl fv s o dd v dad
odej Htcjdzed j a5 MdMisj di3r BjL s OMmdesmisd i@y sis™®. d B j M)

62



DOLssd mOBOth r)n2023~ 4 I$SN2A6PB817(Print) The Bulletin of KazATC
l imlsded ¢ sOL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

[stcOMdzj s OV ©ORBCO CoO0OdZdWJdEOYd2 o 0OodO uq’t
detOjIs 90y dlz¥ totsdz! 9 BftejHjdzjdedd ItejBlzj o3 -
ftotsWj MmMd2 o HOdzdzs?2 MW jtej.  OLOBBISSO d ¢ SHEF
Mils OdzH Btddsusjodzdyy d i sHEeBItseCd COHEtse, MY tsMmse Mls

fls tc O dzj .

[stcOffdzj o OF ©OBSO ColOwdd &R OHH&B] &S s clster
9 tOLddyde » GlttOmdvas H&Y tfidmhoddw d ¢ d&zomf
CoOdzd W d<C Oy ndzjHER', BHOdZY Isd W S tej HJ dzj dedz” B
sls O fdd . [d20 ©OL®EOBOI 90 jlsfW d fGHHJ Y]
CjcbdvsseOkd d Hiekeddkd LOddds] toj e Odeder dBq M ls

[stcOffdzj ® OF ©OBEO SoO0kd¥dSOYyd2 o B dOf
COmmOs? OodOydd, GitwjHjdVvjlks bktsedd o 0ddy
fos? j MMdsdOd df & B &OMsj2 d Hedydshlsj2. [ dcC

1. t OB tsyd? fn B dzd BOdz! dgr 5 S stsd3 OB
Oo Ot OdzMY Stelsj .

2. wfjydoddmnls M dOuOEr ddd Hisl i ls jodz dz'
Oo Ot OdzMY Stelsj .

3. uvjoddS M ©Yfrlssd Ok’ o ©B&OMd I
OodOydddzs? IsjrnddSd.

4. [Ofmlsjtt M sfrlsd ©OBslk' d bk&dkzsdj dd
sz do Odzdv d toj RIfElsdd. Oo dOyddedets?2 Isj n dz

5. Rdjdjtt i o' Mhdd3 sBWLOL o Odzd j &3 d MY § yd
6. [jdgjHYjte M BY"rlstsdz tcOBtslsr o E§tcOo dzj dzd d
d syl MmO .
7. t ¢ soaBHdIsj dz M eorMmhdds Lktetsodzjd3 YT
54 OydsdgnNBPdfiftsygjL sf OfdesMmis! ¢ d COyj Miss 53
8 . tz¢tsotsHdIlsj dz ftocjHftodwisdw ddzd st
slso j yos h d2 L O MsteOlsjeduyujmMSésy kZftcOodzj dzd j, toC
] ZOMmistswh j j o tocj d3w bCOHj BT 2 L tc@OYIls Od
ddzV stedzOy d s dzdzD tlz8k Otels © ( ted M
) ltojHI wodzw jd3r J IstcjBtSOo Odzdw € ftetsW i mMimd
GtcOY HOdME 2 OadOydd
Vtets| [ sdzydets| J vy, I sLc|wjto 1 lsd |1 tetsW 1 tog
dz Hdf dZ WdC| Hisfmisd x| dz@ dz{ d3j |
{1s "1 |SoOdzd W d B3OG d ded .

Msslse j K tcOis
hjets ki 60

MBI

1. 1 [ s2h d¢
2. 2 U adzd €
3. 3 dlsOtgh d2
4. 4 f 2S¢ 59 tSH
5. 5 (1 0yodz d
6. 6 t S tso BH
7. 7 JIseo jIsMmlis

f S tso SH
8. 8 r dtog € Ists

t d Mk detr Uz Is tc 3Oy d s@zdsOy | ROfc IS¢ OHtetso 52 5B J MY J ud
Qo dOydsdzdzts?2 lstcOfmdzd

63



DOLssd mOBOth r 2023~ 4 I$SN2A6PB8L7(Print) The Bulletin of KazATC
l iMmlsdzd ¢ s OL ¢ 2023 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

W ste 3Oy d sdzdzOv C Otls O tsyjdeSd MsmMisswddw § OHtefs
B dzd € d s OL Or MisOdz mMslse jIsMisealzj s tsls tc © fydz,
i MMdsdzOdz! dzr &3 fls O dzH Otc ls @dpJFABIEAIAH IBTBEO S H dz" d3 Is ts,
Is ts sBh OW d dzdz¥ MlstceOydw teso dzj 2 ) BlStGOfI’]dZJi
stceOdztf stelsj] (cCteOYHOAMEB2 0OodOydd). stdzf tej Isdz
s B' Is! Zzlstsydaj dz' d HBY tsdzdzj dg 9 MmMtstlse jIsfise
drvdds &3 Btec OdzOBd Oo Oy dzdzs?2 BlstcOfmdzd ¢ O} H B2

Enonssqx

JLEzdz sOIsT .

W ste 3Oy d tsdzgdzOW fMdMmlsj B3O tsyjdeCd COHtoSoSEts B
jls B"ls! tOLW©cOBSISORO Hdv 1 WWjClkdodssets Bsdedlsts
j dzy d O dzts 3.

{ Mz diteG j2BO Jdd SOy dsdds? Mdhsj @ yjdtd $OHES
tsls ts O fi) dzq

]l 1Llsts? fr]ﬁ'd34 COYHTM 22 Casizigt]j tisdzjimozlds dm dzfigis] S A dz edz” fi s W
oLOdhBsH j2Mlsakzjls ) Httkecddid SCodiftdyj dzsOBRBd HzVW (¢
sBd M jyiddw OodOydsdedets? wlstcOMmdzd .

-1 0L O HOdzdz" » -fi§usld AsHiEpdiblss omtsH J ey dIs o del st d3sOy d ¥
Qo dOydbdadets?2 tslstcOfMmdzd ,dz! ezl gizt w @zdzd F |, Uﬁtsﬁﬂsg:lzﬁ@hdtsdz@d:
sBtoOL tso Odzd j , sfrls ttOBB®O dOdgdetedsd ¥ € Oy jIs yJoc
~ntcOdzdls! d ®tBdtodvis! dJdJdWstedzkOyde s COHEtsoatsd § Bisj
OCIskzOdz' detsfyls: .

1.1 OL O H Odzdz" +€¢ tsodgY SRl Ish EHigits e BOYyd¥ s 9 OC Odzmd
Istcj Blz¥ Isfyw ) Oo d Oy ts dzdzts 2 tsls tc ©fdzd . 1 HJj My n tc O dzc
fjtomMsdzOdkzz, CoOddWdSOYydd d St jlsjdydwn, daj tsBrts

2.8dMmlsj 3O tsyj dz2€ d € o Odzd WSSzt didz] dfizls C ts dj tfif itHSAdzEj ds?
CoOdzdWdeOydd d Stdi3filsidyd?2 mMolttkzHdd s dzO tsfdats
o Cdzs yOls+ tcOL dzd ydz J By stsHT syd dz$ d, sO¢dj co¢
gqdzsjtcot ¥, HdVW BtwjHjd]ddv d@Os'" S d L dOdd?2 (4t

64



DOLssd mOBOth r)n2023~ 4 I$SN2A6PB817(Print) The Bulletin of KazATC
l imlsded ¢ sOL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

BudMmisj 3O E{ tcOo dzj dag ¥ d3te @ & 1 piAf) fepteislg@ots] dztlz tsB j )
ZftcOodzj dedy Gty Mmsd dz202 B3O § jemMsdzOdzO d L Of
9 0C Odznd 2 , MBBte tojL s d3j , ftoso j Hj ded j§ fMsB j Mj H
COdZHJH OIS dzO Htsdzy detsls d .

4. a dMisj BBO § dzOdzd tc s ooz s B I jWufldgtp dizjj dAds Slse
st toj HJ dzj dzd § d bkfttOe dzj dad Jj sBEZyos hdddd ftctsats
ZzOo " C 5o d Csdif J Isd dzyd ? MslstelzH dzd € 59 . 1 sL 9 s
slsfdzj Y do Ols! ftesctej M MslstclzH dzad € s0 O ts § s dzls te ts dzg

S5 dfisj &30 OdzOdzd Is d €t d3f[ts dzjsdaly Isalzisdpdstdd telz j Is tsisy
OdzOdzdIsdyj MSz dJdW stcd3dOyds © COHwtsoatsd MsMisOo

o tBkzyjddd. [BiMfjuyuydeOjls OdzOdzdL HOdzdz" = H dzw
cz8§ sHmsoalkz tyjddls! 1 WWjClsdodesMmis! COHteSo SEB |
ttOLodlsdd fj teftsdzOdzO.

sdfMmisj BO kY tcOo dzj dad W C OHGctisd3lf teiglz] Hfizts Is j Waydf O jdids
1 dzj d3d dzls s a3, MloewLrr o008 hdds ofyj Hiclze d j C i diff tsdz
sBiMfjuda@ydessg oL OJdBtsHj2Mbsod) ®RBIyHE C6BA
d SBiMfjuyjddj vyjdkshlsdshksd HOdkd 2, O kOCY,
sB dzOMIsd COHEtsotsets EZf§ tcOo dzj dad W .

{BMEYH]dd].

etSLHOdd] d §BHHJ Y Odzd J- { IsBH tedpjotfiste jiste ¢ st 2 dz
Cslstster 2 sBjMfjude Ojls tsls te O f) dz HsMis Ols sydz ¢
M j ydodzd mistso . sdMmlsj BO Wistcdzsdtotso Odad W COHtets®
WEdC ydesdzdtetso Ols! OdzOdzd L qtelzw MmtsMmisswdedy d
Qo d Oy s dzdzts 2 s Is teBOMslzdd d3ts C IsHsdzw dzjffstc j H sls o o Oh j dzd v
1 JHBMIsOIsYydzOY MdMmisj 3O Wistedddtetso Odzed™¥ C OHcS ¢
Cslsster j 3" Mj2yofp dzOBdzs HOj d&3 & GOy HOdME 82 C

CWWiClde dzOv MmdMmlsj B3O Wstcdidtctseo Odedw C OHtctso
WOCktjshigyf jugi dzdv o' MsC et ktotsodgW BjL Y OMmdats
tcOLodlsdw COHtetsoatsets Htslsj dzydOdzO tslsteOfmdzd, 0]
dzj sBRsHd®Bs ftoddWIls! Ctdi3fdzj SMmder 2 fsHABH  MmdHh

sdMisj B3O Wistedsdtctso Ozf tzy COARCE SBH S BIs 'foO j Is  d3t
stclzH O, fJtco sdzOyOdz! dglz fsHEIstsa C Iz mMfjiydo
fjcjfsHetlstsaClk, O kOCY] 6Gyjdlkz SCt&fjls]dy

fjtemMsdzOdkzO. | d&v ket dzjsBRtH]BS ¢ OtekBSER yd
shdtso detsets tojebdvsstc® ftosyjmMmse foHetsktss d
L O9 jHJded 2, CO¢ fHtwsdLotsHdIsjdzj?2 SCOHEtO, Qo ( (
BOdS s, COC WddOdmser n ddzfisdlkzlstss, §HHH]!
Zyomisdzed ¢ toriddWOj SHIdsHivOgtslz 0 " f SdzdzgW Is¢ Mo tsd W kzdzS Yy
ltoeddzd dzgj dedy St dzj Cdzse s Y SHABHO YJHOJ Isfw |
Gjhjdedd ftsBdzj &3F COHEBoBEE ©jMEzttMO sisteOfmdd .

1 OC dz¥ yd deqd J .
RdzW St 3Oy d 5 dzdzO" MdMmisj 8O Y  dz€ d & dgdamnt 56 IsE @

W dzv jIsfyw Cdzs yjor a3 ddemstolzdzj dzelstsds H dzw LWWJ ¢
GOy HOdMS 2 OodOydd. v tcOL tcOBtSISCO d odzj H
fser h jdzdw COyjmMa® COHtOotEts tsBj MY j yj ddv,
MY J yd odzdfiplsftsld LOyE ¥ ftetsyd Mse dzO2 O, tsBlZYJ ded"

[YyjdeC 0 CoO0OdzdWdeOydd d Ctdiktfjlsjdeyd?2 Mmtsiste
ftoetsW j MMdtsdzOdz! dz" | oL Bsy desMlsd, or wadlk! kL Cd,
ddzHn o dHEZOdz! dzr 7 s tizjf Hod2te igdg JdA[.W o PR OMg@ v i3  d

65



DOLssd mOBOth r 2023~ 4 I$SN2A6PB8L7(Print) The Bulletin of KazATC
l imlsded & s OL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

sBdzj cyojls ftsyjmm HsHBSLO COdHJHOIBSY, z d3j dz' "N
M ydodzdmlsse d fsorhOw o jtetsWisdetsfyls! kMt jh des?2 toj
ZOSC s odzj Hicj dzedd dJdeW sted3Oydtsdedets? MdMmilsj 3" dzd
Q@ Hzso Oz M jydW dskz OodOydodedets? lsteOfmdzd d
d dzyd Odzt dztsfls H Odadz" = . IBlUJ dzd 4 MslstelzH dzd
I{JdZCfJ fsHHjtySCd odzlstcd e OdedL Oydd IOC
tcj OdzdL Oydd ftesj Cls0O.
Gdzichftu;thmld3ra’tGO>|HOdzﬁ]QtsQ Qo dOydd o t 4 Mmiks dzd
ftcjHY sdzZOc O] Is o J dzd ud dzd 4 M ctsMO dz0 o fr
4 dzd j d dz¥ stc 30Oy d s dzdats 2 mMd misj 3 syJ des d C OH 1
JedudmMEs? dzj sBrtSHJBSHEdS2 HdzY B jSBE MO ) des 2zd
J

lﬁg—q—I

Sdedzr 7 S Oded2. R SteiOYydsdzdzOv Mg flsj &O
sdedets? ©Ofdd fjumsOodyjlk Mot &sh d
ddy 1 WWjSlkdodesiisd bkitOodyddy §jtchtdOdsd
HddL 50 MolkzrnddCss d HEMmisdyjdds SOyjfls:
q .

OCFFOOH G-
oF oo g g S

(ORnl e NONO RS i

JRur T ovULT O

[ 1] 10ydtdzOdz? dzr 2 f zOtelstcObo Yt Oezks 2028 GtsHO
[2] J.W. Burch, AW.J. Borges, R.B. Dijkstra. Aviation Manpower Planning: Optimal
Use of tle Existing Human Resources for Airports, Airlines, and Air Traffic Management
[3] Peter J. Landolt Thomas C. Lawton. Human Resource Management in Aviation:
Critical Essays on Aviation Labour Management Relations
[4] Ronald J. Burke, Cary L. Cooper. Aviaii Human Resource Management

REFERENCES*

[ 1] Natsional " nyy plan razvitiya do 2025 go
[2] J.W. Burch, A.W.J. Borges, R.B. Dijkstra. Aviation Manpower Planning: Optimal
Use of the Existing Human Resources for Airports, Airlines, and Air Traffic Management
[3] PeterJ. Landolt Thomas C. Lawton. Human Resource Management in Aviation:
Critical Essays on Aviation Labour Management Relations
[4] Ronald J. Burke, Cary L. Cooper. Aviation Human Resource Management

[ Ottd dg@0Odzj S.j § B Ols 15 tahdAsH | d3dE'O N H O dgip SRy dfBO Is '
S OL O A Halkeaza.m@mail.ru

4 Odzls OdzOIls r O thHj jdzekGF BLIPEOH | BdWY CtcOY HOdNES2 0o dO
s OL On hEsdes@mail.ru

[ OHddzO | 5y OHz&¢ I EsC@H § d3d W GO HOMMSE 52 0o OV
s OL O n Kgismd@mail.ru

[ Jtolkz]j tels vk cd gRcie@)sEd 0], di3d W GO HOdME 52 Oa d O
S OL O~ dgid kg@mail.ru

bIROARC w0 o311 soértJotfrr 96fuvodfde3zr1yrrvLv [ cCcurg
lrtelrsurIOf 01 3

OYHOLHO®.dOYydw MOdzOMmr E L YrLd3j sCjtedzj tof dz' W
Y"L " teijls' dz' 6" dz sO&ZzOYf Jlsjils’' dz jwWw d&OWrLH' >ybDdzj &I

66


mailto:kalekeeva.m@mail.ru
mailto:zhardem_s@mail.ru
mailto:kdrvmd@mail.ru

DOLssd mOBOth r)n2023~ 4 I$SN2A6PB817(Print) The Bulletin of KazATC
l imlsded ¢ sOL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

I"dz BOYOkOHO Ooslktstt OodOydw MO&OMT drw ¢ OH
Ydr dgH T YOO toy D dzj YOWO Isjrndtsizsedw dzOte 3j dz d dac
HODH'™ ZOtr dz 3 OwOtll YOy jlsls' dz ¢ dzgj oDfMjte' daj

COHtedzr ¥ Ddzjlzjlsls' HOB kkH'w BOMrd& o deHjlsls
ndzZlslsT Yy HOMBEZ M Ot e-loddy OkQdids iy lOL it
EOdH OdZOHT . [ OYOXZOHO Mmd di3j dz Yy Ol Otc mOTXO)Y Ots C
" )T dzOMGARZE ODH Ote ZOBOM' d2f W 0o dOYydw MOdOMm' dr w

Cofp' fIs'C B'd2 &8 BjtkH' YsdHOyOw) , 8OO MO R
HO®R ISHOD' tEd kkeOd 02" ZOHT . ¢odOydw dr
B'dz' CIs'" dz' CIsj toH ' Odzr YIsOEHO &BOWTr L HT tceEdz Oy O
dzOL Otc OkzH Ot dZzOH T .

B2 dgh' SiPRUedy @. Y O&sO®OM L & jIsH)0dkOdadPydE"Y
h jwe s

Marina Kalekeyeva, doctoral student, Academy of Civil Aviation, Almaty, Kazakhstan,
kalekeeva.m@mail.ru

Saltanat Zhardemkyzy, senior lecturer, Academy of Civil Aviation, Almaty,
Kazakhstanzhardem_s@mail.ru

Madina Gozhakhmetovg master's degree, Academy of Civil Aviation, Almaty,
Kazakhstankdrvmd@mail.ru

Meruyert Turlymuratova , master's degree, Academy of Civil Aviation, Almaty,
Kazakhstansed mika@mail.ru

PROBLEMS AND PROSPECTS OF STAFFING THE AVIATION INDUSTRY

Abstract. The aviation industry is one of the most significant and complex industries that
requires high qualifications and competencies of its employees. In this article, thedaath®r
attention to the challenges faced by the aviation industry in the field of staffing and the impact of
new technologies and innovations on the need to update the skills of personnel. The articl
analyzes strategic documents, such as the "Nationa¢l@mwent Plan until 2025" and the
National Plan- 100 Steps", which define priority tasks for the development of aviation and
human resources. The article also highlights the role of the NGAP program offered by the
International Civil Aviation OrganizatiofCAQ) in strengthening the human resources of the
aviation industry, supporting vocational education, attracting young professionals and
developing leadership. Particular attention is paid to the industry qualifications framework,
which plays an importdrrole in determining the required skills and qualifications for aviation
professions.

Keywords. Staffing, aviation industry, industry qualifications framework.
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Maxat Orunbekov, master's degree, senior lectuscademyof logistics andransport,
Almaty, Kazakhstanm.orunbekov@alt.edu.kz

EVALUATION OF INTERVAL TRAIN CONTROL METHODS BASED ON
MODELLING IN OPENTRACK ENVIRONMENT

Abstract. The article analyses the rétsuof comparison and determination of the
capacity of the ZhetigeAltynkol railway line under interval train control with the use of fixed
and moving block section technologies. The analysis is carried out by means of OpenTrack
microscopic modelling usgq parameters of the operating railway section Kurezieindr
Zharsu of Zhetigeifltynkol line, rolling stock, locomotive of TE33A series and interval
regulation system.

The obtained results of the research showed the effectiveness of the application of
moving block technologies, allowing to reduce iAtein intervals compared to the system of
fixed block. Reduction of interain intervals contributes to the increase of the section capacity
and is the key to economic efficiency.

Keywords. SIRDRE, fixed block, moving block, microscopic modelling, OpenTrack,
evaluation.
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OPTIMIZATION OF LOGISTICS WAREHOUSE COMPLEX RESOURCES

Abstract. This article discussesnodernwarehousesolutionsandthe main productionand
technologicalparameterdo study the impact of volumetric planning on the efficiency of its
work. Modeling The modelingmethodwas usedfor analysis researchandjustification,andthe
¢ Ay gsoftwareproductwasusedasa modelingenvironment

In this article, a generalizedalgorithm for building an effective systemis performed,
models of warehousecomplexesand a model of 114 blocks are proposed.The model is
presentedn the form of a black box, which madeit possibleto determinecorrelationsand
relationshipsbetweeninput and output parametersf the warehousesystem,as well as its
resourcesBasedon the simulation experiment,63 model calculationswere carried out. As a
resultof the simulation,four warehouseoptionswere installed, which providedunloadingand
loadingof the requirednumberof wagonsduringthe day. The bestcomplexcriterionwaschosen
basedn the proposedunctioningof thewarehouseomplex

Keywords. Warehaises numericalmodeling internal transport performanceanalysis
unloading loading efficiency.
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d cttkzLtera fjtejotsL G, d eor mMsCdy syjdzSd LO €O
rjozj L desHtstotsy dzgOwW fjlst | Jjted3Odedd wWodzw jIsmw Ctolzf dzj 2
GtezL so o 117 Y dzizy B®jclh ts 5d SlsidizdzAgGj2ddj L dzOVY HEBtesE O
ftosyj dzZls©® ofjnrmn ctozLtsoar s fjtjotLtse odzzlsted | j tod3Odz

oX 0
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tdMdeeg sl 3 jdzjL esH sty dZ & EOLh tlklsso

litwjoaLSd s Mild yjdzjLd - HStE tBh jets
5 dzOflstswh jj oy gsiz) f xEMOKEEWHEC g fitjotL ¢ d ¢
50 sy dzlsse, O ctlkLtsar j -ffisdplsiddztsdz® tc 8§ dz'ff jtc ts
ZOMmistswh jj otejd3w Istsdzr ¢t O MmMjlsd DB AG {5
Cddzsdzd stes®o o G BH.

rjdzjL desHitstetsy dz" j  fWjotadgwostda fifwd ocldadtartsdly s f s
stcOdzmtf stcls©® MeOL & § sMdzj OolssifisB d dz' desets IstcC
stcOdzmMtf- ey sz HBdddttlzjls o IttOdhf stolsdzs?2 MW

Mz Hizj s Y JjdzjL desHBStetsY dzf 2 Is tec O(damd fipltedzts Wz02 )z.tc s 9 dzj
Jloms Tpy30BBIX NIepeB030K B [epMaHHH

HenesHoaopOKHbIN

Mopckom

Tpyb6onposoaHbIv

ABTOMOBMABHBIN

WUctounnk: Allianz pro Schiene
Ha ocroBe TPaHCNOPTHOM NPOU3BOAUTENLHOCTH Ha Data: BMVI, Destatis
TOHHO-KUNOMETD (TKM)

t dMdgs®dz? cbLtsor n fjtejoL S o | |t

10detdjj yYOmbsts fjttjosLdd &3 Gkl OBd47V o d
Bd dzdzd sdzse Istsdedz © 2022 CEHbE, LO SCwolsst-d6d M
Bz sdse ktddz o &6I2 Hek&kr. Mbskozj Bigso z h g
fijtejosLdd o 5 yjdjLds?2 HBLsEj, Wodvslshmvw d
SBO ojMtd tCtsdts 5, 4 ktsdd dq 2,2 ktdd nNstlh
HsteseE] 320 dJhobddtdss CLRPs st M hs s dpdE]
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steOdzff stels Wodw jlsw olttr 8 § L dOuddshlsd odHt
OolbsdBsB dd dsets, 320 &ddedsd SEasjods s salsiEr o azjL st dzd U j
fsHdzyOhdh keOodhfselsdess §j .

10 ftedojHjddzs?2 € Otelsj oL @E s ®EPdz fjts C @d @] ,
fesitHYls 5 oMi2 kjtedlssedd sOLORMSORO ( tdmk dzts

Petropavi
uﬁ,w’-@{ Beteeve

1959 Troehramtly 1022
tay,

Kitnary

e— ® whrcmtae
Kandyagash “
Ve
\ Ky _"
/-5 ¢ )y Kaeazhal
_/ 201 'y
Toeg Atyrau
19897,.\s 867 waret, & Baikonur
Kubeh (o)
Beyrey)
Kyzylorda
ForhShan e e 1968 (©]
1967 \

L — Turkistan )
1867 \zm

t dMEzdis OISO y jdzj L desHStesy dgs?2 MdMmlsj d@3gFr s OL C

Aj dzZstcOdz: dOvY s L ¥ cdtsdz, BeteOdzd Y dedz" 2 IsjtotedIstste
OnfsOdz dzj ddBj jls HifiEsdddf ¢ RE EEs dizte dsyefidg ¥ |
dzhtf stels wWodw jlsiw thdseodzyr &3 sdHEdR IsSttOdh]f stels O
nsHdlbMY GCdts 11% o0dkseotets odbkzlstej dedzj 65 1§ tot
OL Odzts tOMY toj Hj dzj dzd stcOdzf stelsdeséts fj Clstste O

Gliterumschlag nach Verkehrstragern im Jahr 2022

TpybonposogHbii:

BO3AYLWIHbIN U MOPCKPOM:
0,13%

HenesHoAopOoMHbIN:

ABTOMOGMAbHDIN:

{ M digbd ccBtesls 5 adHOKR SOdmnf sesO o

r d Oc tc ©OBZABZO fsCOLT 9a0jls, Yyls s Btsdz! h Ow Yyomls:
Nd dzj L desHEBSteSY dzf 125 2 Odzeintf stets ? fts oJddyddai ftotsyJd
Oo IstsdstsB d dz' dzr P2 4™ O dfmd tis tedgts 3 dzts  tv &1 | voign dadsldnyls 2t 1©f) £ Is fipliss t
COROEOB. stbdij Itscets, BBl X jdjL dsHsYy d' A Gt
237 i3d dzcdzd OtcHtse ISC B wtsedzOMdets OOdzdLEz L O 2018 ¢
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ZOdetsdz? hdds ctckzL scBBteslstsdz, MtsmMisi®oa o ydBHds 436
ZOdetsdzr hdds ctckzL ssBtetslstsdz, MtsMisOade 197 485
HSE ZOMdzs ®lyjkkz 5 ckkLitser s fjtejotsL ¢ OR
Resear ch, NddzjLdesHEBStesy dzr § fjtjoasLcd dqd3jels
fMtej Hd Hmthﬁ odHGB s, OO stEis OcW o ff EBWLOB &
By AHEZ sdkOjd3 d [(otksfts? o wOHEE@A] IflcsE.cOdRRE’ ¢
) sOLOrRMIsOdzy Y jdzjL desHEBStosy dgr j] CGtekzLtser j
btcOdzm]f stcls O o stcOdzj, @O HBdt CthtbEBESEEEO K
f smdzj HdzadJ GMESH' sBl jd3 Ctsdalsj 2dzj tode’" = GtolkzL s’ ¢
Ctodals j 2 dzj tetso  © dBj Y HEZAZOWESH Az - fltcjot
COdzd yr diqHE MbteOdOBd ddd BdE ddBd IsOodsy | dzd
1 tsdz h Ov  yOfiylsd dstplOdms e, Isdetf esrsHWh da  yYdted L
s OL Orn Mls Ode, ftoedm sH JIKEigus O WAOC d § O L Ot dntls @diafiy§ dz'i j i
b dzON Odz' C sz -dpzlsmuEAL dstEHA) . v tcOdeL dls Ctsdzlsj 2 dgj teez” =
([ o tetsfd@ O2 Mih jMise dvjlshy Ui zOMsDdydy €z |
tesmMimd2MEs?2 cteOdedyy. 1 tMlsOoatd dL sdlsOw o Rfto
2O ctOddyl dBiYHE sOLORMIsOdMsdt d vkttt dj ddhls
fdtejotsLWismw dL sdlsOW ug tcf i dzif)ts Odize @iz va@aig@s d fls
YitedL Msodtfitd [ Esc@Oy COn o s’ tec’ L MisOda.
vjtoticdlststedw s OL ORMIsOdzO dzj gz i Is oW BSEB
dzts o dzts odzdwils dO tOLodlIlsdJ otsHdsEts Is
Qdzjtedz’ § fitejotsL g e,y MOy {BMY 5L dt
d o ot -gktcr ¢ d ¢SOk [ 5

tdLkdz sOIr d tBMEYHJ ddwW.

ldtwjosLSd GtekzLtse d3j dgv dzdm! d twWOL o d 9 Odzd M
CsH' ftesdLshdd cdksBOd d j StwtdLdhr, Ctld’ j
Hdzw ofmjr odHBO IsttOdMtf StclsO® dzO d3j Y HEZ dzOtetsH dzts ¢

CtodLdi foddwd O yYjd' &O { djteesdshdls) dd d
| ZsB Odz dzr Bd € tod L Fiudgigs BIE sistsdedzg v dfds 20 d3q
Cstedz@o qiekMO d {1 dzjtecjlsduimSd2 CStdL df.

26,64

21,38

17,96'8:43,7 75
17,09
; 15,1115,3215,2315.55
:" 14,0414.33
5 13,25
T:J 11,5311,41 11‘412.07

t dMEzsE8 s i3 N dzj dede’ § yd dz' dzO

L dzj Clstetst dzgj tads o
jotwsyjdzlsOr L O ¢(d

so Ols yoOMm)

]
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33.953 33.091

31.245 835 31.677

0.3630-4530.259 935 30.157,

) 29,68 . : 029.234 9.233]
30.000 28023 28,?8;66%?7548 28.458 BB o

25.994 ) 5,425/

23.7724.01324.300)

I N Q 8] I Q Q n) " " s ™ s s " » s " » " g g e e 3
R S U S S S AN (A A SRS A A RS L A AR RS A A L LR LN
P B PP PP R PP P D PP PP PP PP

S S NG S g

W P @ P e

Quelle Weitere Informationen:
! Deutschland; Mai 2020 bis Mai 2022

{ dzGisSkdyjmsots §jtejojL jddz @ ctekL so ) EOW
20226 5HO o Is' f]. Istsdzdz

Fog, Cynmma Tpyfionpos
ia ABTO PeyHoii Mopckoii DAL ABMa

KonuuecTeo NepeegeseHHOro rpysa B 1000 ToHH

031 & GTE 10% 187 TR 3 60% 000 I#5 093 28 321 R blE 5 A0F
030 & 61 93 150 TR 3 656 700 150 027 FEFEF 81 712

mie & PEa T %0 F57 3 TE& 700 205 114 %0 359 a5 137 @ FPF
2018 4 719 674 40k ToF 3 73% i00 EFT S04 %0 %85 Ha 481 & B35
T & 5%0 126 400 247 3 6BS 500 2212 731 294 BaF *0F32 & BAT
016 & 505 904 IF6 DL 3 5% 800 2I1 3a4% 231 387 T 208 ER-TT:3
INE 4 ATD ERE IET FLL 3 L84 900 211 ¥a® 291 £23 0 BB & L0l

t dMmEzdeg® ) j d afguess o | j ted3Odzd

AdWtr, ftwdeojHjdedg j] HB HOdeHj B, HOsIs ftej HMIs
Coltster j dd3j dzd s mists d ftotsHtsdzy Osls dd3jls! 3 Mists.
d sz HMmMlsedwv g SCtdeCtejlsder » 1§ tcd yd da.

1 O tdimbBSdes dets, Yt yj das d «dzOf s figdg S Wsdedsts dag tefnpdzd ) 1
Hiczets?2 Mbtstesdy , yddz@ dzO HJL jdz' desy Isfdzdets BT dzd
ssdz ¢ts M Isjn st sSdd MsOdkd ROBESEs HEtEEYJ .

rjdzjL desHtstetsy dz" 2 IstcOdetf stcls BF dz MlsOB Jdz' dg d3 ©
dzj Btsdz? hdds MsCtORM] def Bz, & d&s € 2021 cBHkZ dz o
mMh jmMsosoa Oah dds His f OdzH j B ¢ tstetsdz .

1 OdzH j B3 Ctstetsdz" B'F dzO tsB dzOtelzy j d20 o dBOtwlsj 202
Wddzodmtser 2 CStedrdm. 1 1lstsds &BiMYyj o | jteddOdedd IsO
Cotetsdz” , dif jidBae®I - SewOded ydlsj dz' dg = d3j 6, 99 j HJ dzdz
CtcOdzgd yor | jted3Odedd B' dz EMddzj dz ots otcj dsw € OtcOdzls d
mModr = fnd to! j L dz - f sfydzj HMiso d 2 fls O dzts MO Oh j dad .
ftcOodlsj dz ise j dzdz’'dr GHOENQAAQ] AR otsHEZ odtzmMO
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sBh jMmlse j dzdzsects btcOdemf sStcls©O@. mtslsw B jdiZ ColzL ¢
GtolzL tso gdsjsls tjhoshjj L dzOyd dzd § d ®BEkMmdse
gftg‘ézgdztsx.idzﬂfw, ftodud d3 f tsfhdzj Higdsjs st tizHnrdgiste spic) dizf W

G .

rjozi L dzsHtstetsy dzr 2 btcOdzmf stels § sMistcOH Odz dzj |
fijtcjoaBLtsS. rrjdzjLdesHBteydzr | fitjosLSd ctolzL ts¢
slsdzdydj tls Httkzedr odHta IsteOdefnhixfigls O O firfipkacts v dig
sMtsB’' n L OOl dO > jedgjsidaRieH (s tedsdytsla) d2s Mfsj tcj o 5L
seteOded yj dedets? cedeBStsMmisd d o Istsd, Ylss dey oMy
s dzOh j dz SBtelzH s Odzd j &3 HdZW st Odzif Stels d tet
WOtedsOyj onls dfugithCiaS sso, Cwlstster j dzj SBrBHJ RS rd

RL ftcdejHjdgdzr = " hj HJOGCtORBB odHds, ¢ OFC
L dzj cetsdetsmdlsjdzd d cOL MmdedL ddzdm! 65 MicOo dzj dzd
NddzjL desHistesy de' | ctolzL sor j fdjtcjlo@L Chigd df tsdgts,tc OH@
stcOdzemtf stels©, © 2020 GtsHEZ Brdzs f jtejojL jdes d3j d

] Jted3Oded v dORBHdILMw o Mtsmisswdzedd  dgjtecjlsd
MlsOdzeseo dIsfqw eoMmj BtdZzj j d Btsdzjj M toH glzv dz'| B.tc BOK:
[ sedMmMisdC O ctokzLrso" 7 fjtcjotsL 8 MteOHOj I tsls 1
jLSCBE Ehmisk vyjd @O 1 djCkttst djtecds d ¢OL
MiSCbstc® dsedmisdSd. 1 tOLEOt 1 Istsets ¢ tdeLdgvin O
ssf dzdo © dzO f jtcots]y i Mlsts 5 MeOodzj ded® M Hicka

4 dOYyoOdzsdz § OdgH jd&B3dd © 2020 GEBHLE, 99 JHJ dz
dqLsdzvydd ofqw dBdtctseo OW Isstcetso dzv Mistsdz¢ dgz dzOfy?
s OL OR Mis Odz, SHagA® dd yoMfgIce Mrn s IO 3, s s dzC dzkz
stcOdzmtf stelsdats?2 MW Jjtoy] . ddlszOydw HOLZO o BL d@3sy dzk
cOBBIST, foMStd Sk YjdjLdsHstesyd 2 bttOdhnf ste
fjtcjoLSlk Cdalsj 2 dzj totso .

)| fjtoar 2 G SHR SCdRjtet® dzls  tzdz" BN dzd dzj SHdztsL dz
keOdL dlsdz’ 7 fjtejotsL S §sjLHOB] o JjmfksddC,]
2019 GEtHE d 450, 2 ®RJkzdsdO Istsddz o §jtteots2
BZOtch tolzls j; ostofdf@® ©O2 ko j dzd whdzfijw ¢ sylsd o

l sMisOdztso dzj dzd § , sfkzedzd s Odzdetsy o dBOJ 20
o jdzdyjddj BBIi jBBO fjtjotsLs¢ B Miste’ dizd ¢ sdalsj
ftoetso jtcC O HtojHMSOadzw jIs MtsB 52 M smtss. ftoj HTS
stsCMdudztzR 7 B @igzecdr Istso Otetse o MlstcOdzkz, ¢

] dzO y O dzj 2021 GtsH O it B ldzj ji3h Is soyty dalEdv ¢ dadf j
fteQo dlsj dz' Mmis o-usME taffiplf mELty dDo ssdes Bdets e 5 6 O2 15 dz0
SOLORMsOdzsdz. sdIsO2 QO dzo de@f)ls & deg b flztzd BB OB S|
o0tz d Ctdlsj2dzitcese 5 ftode'Isdd o Cdls0O?
MOded s Otedz’ 2 Ctdzstesd ftedojd € Bd hdd SyYj i H
CGteOdzd Y4 - sdls©2mMC Ow 1 OtetsH dzO¥ tc g I ofirptf k2 BYdEHE O3 d s aiz
eixdd. 1 MmewiLd M {Isdes fezoiy e jo gt BP GHtcd
sodzdW dzs dzO@ Qo lstsdtse d dz' dats j Hod> J ded 4§ O ¢ 0Ol
d dzd yd ded Csdzdyd Mlsoa © ¢ L OBtetsh j dzgdz” RlemW i tsojte jHd
sdotst fdJHj BdsdsedyjMSits?2 tBwOBSlISSd (HjLJd
sfemMd® @ddekzls, O f Eyjltsd OB jdd = ftetsyd
stesdzgy Ists@ s, dzj HsMIsOsydesy Stdzdyd Msebs ©O
sfRHCdiezdlistss SOCY] LOBIHEJEZS HMBSIstt Gt
HBL toj dzd V-1 6820 0 DOV IMD3] dz0 tc & F bzl G etz s f EdzC SO B E2
4Hdzj 9 dzr 2 € OtcOdzls d dz.

(78
_QI
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[Jidlstsds 2021 cetHO ftOodlsj dzt mMlsets sdlsOwW 99 j dzts

stso OkEBo OoclzMmls 2021 eBHO CdlkO02mMEOw MlststesdzO® L OF
Ms eoMmfrhCrs? lststsdanq’tGszr]O dded y @ 820 dzyfdiald dzdf dzO B O dz' I
Ctsdzls § 2 dzj tedz" § fsjLHO. Its 1lsts? i ted yd dzj syJj tej H

Fojdzdyde Odzdfm+ M COYHT &3 Hdz] 3.

[Mdzso dz" d@3 Ht©CO29o jtosdz MO § jtej oatsL € wo dzv jIs
fitciojLjdes BBsdZjJ 88, 7 BBkzdz Istsdzdz, ylsts dzO 2, 8 d3dzc
ssdd ydmdzj s tstnleZdeq’QJ BN dzts fjtejojLjdess 61, 3 ¢
ftosh dzseg s  dstelsO.ls 0 Q Iefitfs ¢ ssf dzdo © ko j dzd yd dzipw  dzO
B3d dzdzd s dz©@ Istsdzdz. 1 j te dzts E)rJ Ckdz szter HjtejojL jdr da
sdzr hj, yid o {(to HrHIZth3 GSHEZ, dL dd~ 6 oBdzdz Ists
SHO fctekzL C O tsdzj oV drdA dez®lin: dzO 975 Isr qwy Istsdzdz
qd U MS dr i k20 ® @ clxq:r]wuo[ ktsdzdz (HEs 3, i3dz@BJ22dE] s dzO
mMwy Issdedz (HBs 1 7 d3d dzozd 5 dz@0OIs B dziz) )5 MK tqts ¢ is fedz ¢
d dzdzd 5 dzO Is ts dzdz) 2 GIWVJLMBq’BSwm MsMlsOaddz sCtsdzs 210
% ftojo’ Mddzs kZtetseo jdz@ ftosh dzsets eHO. 1 s Y j ot
B zdzd OtcHise IsC 3, Ybts MlsOdzs dMmsstedui MSdd3 toj S SoH S
s OL On Mis Oda.

] SOL O MOOdagO owsREEDJdzi L OL OdZO dzOdetsdz hj j§ >
Md ¢ &34 dzls . l Oftejdzj 2022 GEtHO B jJ BB3-LfO] tdBosjLas Co o
Yy fsys 0rn ftsmMsOatsS d ftesdLoeotsHMmise j. [ Mdeso-desj fdzd
sdls©O?2: Bl jd&3 Jtejdb tsoz@C4 IFrpdzed L  dzfpw f syls

I mewiLd M {tbdd, ¢f c¢c15 ¢OHOLOYMIOd Isjd3 t6 ) s5c
Mstetsdzts?2. 1 jteoar j ftodL ddOSd kojdzdudddd IstcOdaL s dats
CBEHO clkzLsfslstst ko jddyddany dOftOodjddjdd dL s
o 2MCd?2 wtss L .

[ 2% COLOmrMIsOdzMEdr 1 CMfBKIs] totso ¢ c1 s cOHOL C
Odz! Isj tedzOIsd o dzr 2 vteOdzm S OMY d2 ME d 2 BBy HEZOGEBH dz" 2
MsjHddvshd2 [eotsfkz f] sdOjd. I} jtejosLCd CtkL e
GSHO ko jazdadizdmOL ©O. v yoOmksddSsd HOMBEZEEsEts)YJ HMo
dzOMmistswh j j o tcj dgw toj h O Is MzHGA BHA | d N4 dzd L dats
otsodzj yj dedz" = Mistc Odz.

v OC Y J Hdzw BteOdzdL Oydd cwikzLr e 7 § PtEj odsL 8¢
ZOf tcOo dzj dzd d REEWI@dzOd YU @& J L Bstem S dj f stelsr R tc O da
HsBdlIs! Mmw fwisdCtcOlsdztsc ts fdad % § ded W sOtcd W s dzO
s teC d3j dzd fiyls O dz.

[Mdzsodz" d©3 o JHBAR IstcOdzmyf StclsO® © s OL O MisOdzj wo dzv
fedatsHdIsMY 54% ks &N | cfds tpe QodA diff f te jfip t|L st 3O dzq |
MsMlsOoadzw jIs eafMmjets 16, 9%. [Bj MstcOde tOMf sdzOeOs Is
S sislsdotse, &0 Hds 4 jttdO0ddd ftedisHdlshy 1627
MtcOoa dzgj dzd® M s OLORMsOdesd3der 1R G Y| dzts tsddzts s afi @O ldsjfnddaCc
L dzj Slsted yj M d ds. sOC dsydes odHjIs! sMdzseo dets§ o dzd
Mistc OdzO R , ZHjdwjlsfmw fr o jor o3 Istseo Otec O3. ]l J edBO
BjilOdkdzd yj NS dd O] tcd OO, o bkt stjdi™ LBOEOE O] OF
d3d dzj tc © dzO 3.

d
74
d
8,

OCGHmIIa W

l 5 otc] d@3 O s tstetsdar CtozL o j HijtjossLCd 6 YJ
] JtedsOdedd B § O3 fijtcjoL ¢ cwkzLrtse o 2019 d 20
o j dzd yd dzd m! M 2021 G6tHO. Clts dzg] BBdetse s tslsdzd yOJ Is
fjtoj oL X021 20HOOR Istsdz! $ 5 ko j dzd yd dzd fy* .
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CdzjtecilbdujmMSed?2 StedLdm flesHBdEyOjls ©OLodoC
Bdtcj. stedrdfm ftedojdz ¢ tjLSBBE ttshmiskz yj d dO
Hdzw | Jted3Odedd d s OL OR fijls Geda@ . dzd M jsdz'd d3fe® IsH doLj J' A28 dy
1 Csdesazd € d l]’tsfr]QtsdzJQIz sdzd o dzdwe s dzO Mistsd d3tsMls

¢

sftos dzO0 1 dzj Clstetst dzj teed®¥ o ftosdir h dzj dedesls
o tsL dzd ¢ dzd BG%@dzd?t'éatGdBaﬂz@aaﬂltelzfr]o Bsh dsmisd d M teot
stylsts tsBJ MlstcOder tsistcOHOdzd, slsteOfmdzj o' j Y dz
dzedyd, UJdB o | JdOdedd, dets orf HEsdydz EZydlsr o
] Jted3OdedY orntHdI o bktes2Clkz MistcOdz ) MO &3 or f

1 B8 yksts ddzsj tej,Mdapls s ISOEJ Lidsis @SSO L Odz te OL dzd Y
MistcOdzr . l 1 Jted3O0dedd tsBi jd3 ctokzLrBeara ff jtoljoBL s
GBHO MmdedL d dzlw dzdh ! dzj L dzgOydlsj dz' dzts, ©O d d3j dzdzts
LIsts otej d3v HtosdL shfiasd dgji cdets j dz® O2 ] Wedg Off toj dzj .

I1ts tjLikzd IsOOBR 0dZz0OdzdL © o ddwddw ¢ dzss Odz
slstcOMmMdzd toj Ctsd3j dgH Iz j Isfyw :

- Byl O0dzOdzdL © tOBTSIST N Jd dzj L detsH St ts ) dat
tcj WtcdBdz dzO@ X j dzj L desH Stetsy des a3 Is tc@Eand sic IsgzOM J o d fr
MsLHOI!Y Ctdllktcjdyd® © ctwkzLtsear n X jdzjL desHStcts)y
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THE RELATIONSHIP BETWEEN GLOBAL CRISES AND FREIGHT TRANSPORT: A
COMPARISON BETWEEN GERMANY AND KAZAKHSTAN

Abstract. As the world needs more and more goods in a growing population and
globalisation, te need for a networked transport infrastructure to meet today's needs has
increased. This means that the world's international and national logistics network has been very
closely interwoven with a multitude of connections where the slightest disruptiomasae
serious consequences. One such example was the closure of the Suez Canal after the container
ship Ever Given TEU hit the ground in March 2021. This led to snowball effects, such as rising
transport prices (for basic commodities such as crude oigasd The world is now facing two
global challenges: a crown pandemic and the current energy crisis. It has already been noted
what economic damage the pandemic has done to the world market and this damage is still being
felt. The effects of the energyisis are also beginning to be felt by businesses of all sizes. The
aim of the article is to examine how two recent global crises have affected the freight transport
sector, focusing on two different countries in Europe and Central Asia, with the example of
Kazakhstan, a country with great potential as an intercontinental hub, and one of the leading
countries in transport, Germany. The article focuses on rail transport in both countries.

Keywords. Transport, logistics, route, logistics service, transpdragtructure railway.
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Okr flsr bk NS §SjLHOL  df W Y " c@Odzls Odb fids Ol s L f
tj c OB  dzls' dz' W "L Oyl D dz SWlO2 &ZOdzH' t6lz, > OLOY Ols
fO2HOROGRE fsyjMm d W Isd' &H' & ¢' dz Owlsls’ 0O r y{

sI2 dgELHPBISEIS S ja h, yrdy" 8Ok Yy "wOd, [k
sj & oy sdz S d'dl &' u@olsdsIsdHsS j ¢ N .

Jens |Kibcioi o technical sciences, professdniversity of Stuttgart, Stuttgart,
Germany jens.koenig@ima.urstuttgart.de
Vitalii Minakov , candidate of technical sgices, docentOmsk State Transport
University, Omsk, Russjaitalya 13@mail.ru
Serik Abibullaev, candidate of technical sciencésgademy of Logistics and Transport,
Almaty, Kazakhstarseric.a@mail.ru
Marat Sharubekov, candidate of technical sciences LLP ¢ Azuri te Rail way
Almaty, Kazakhstansharubekov_murat@mail.ru

MPROVING THE EFFICIENCY OF THE TRAIN OPERATION PR OCESS BY
REPLACING COUPLING DEVICES ON THE RAILWAY TRANSPORT OF
EUROPEAN STATES

Abstract. The article describes the most used types of auto couplings, and the conclusion
of the DAC4EU association within the European Commission and the Federal Ministry of
Transport and Digital Infrastructure of Germany on the replacement of screw couplings with
automatic ones. In the countries of European states, various types of coupling devices have been
tested on railway trains for a number of years and until now ihbbabeen possible to reach an
international agreement on what type of automatic coupling device should be used, and today on
the railways of most countries of the European continent, a coupling of wagons based on the
design of a screw tie is used. In ortieimprove the efficiency of the operation of freight trains
on the railways of European countries, it was decided that it was necessary to replace them with
more technologically advanced automatic coupling devices. The paper describes the main
technicalc har acteri stics of t he mo s t comm8p, types
cSchafenberge, ¢Schwabé. Comparative character
the most important criteria such as automation, reliability, and design are deterirasks on
the possibility of their subsequent digitalization are also defined. The use of fully automated
automatic coupling devices will optimize up to 20 minutes when forming a train of 80 cars, and
if 10 freight trains are formed per day, time lossdsamount to more than 2 hours. Replacing
automatic coupling devices with more automated ones helps to increase the efficiency of the
train operation process by reducing the time for forming freight trains and optimizing time the
duration of the negotiain procedure, reducing the risk of injury.

Keywords. auto coupling, rolling stock, European railways, rail transport, efficiency,
auto coupling SA3.
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r.s. sJcljddzerj.Cie®@s'lsc j j dOUL. rzdiOdetso
'DOLOFGE M kZdddEE®gls,) sd QL Oy fils Odg,
2TOO Railways Enjineeringy zad5QB 0L OY, fils O dz

E-mail: lina.m.0101@mail.ru

D¢1¢08ud1 trHIULVIJRsOEBIVTI O SfruvrBrLtf ws U
rroswfr rwtu

YHOBY@R MO jdzHje' Ctddsj2dzjtedz’ & IsOM" &3O dz
Litelslsjdz §f, tdz" Y OyMmOtlskz B2" dZh O h OtcOdzOte " f
Ctodzls § 2 dzPiez'dzO dzHIOtcH T W HO®BET B3d &z Isd" d3H " dz' ¢ «
ftotsB dzj BBOZOtCH T @y Yusd®@@teH rfyshdgiOR 11h " dz " fyr dz" d3H
BOY MOIsYyO yjlskz nh' dz bptlsitcd Ljtelslsjlz DbDH' Ml
MlsOlsdmMisd ¢ Odzr v SOdzH Ok Isj pPsdzH®O@Zc'd™ dzH © 1 § BBL
ddsW tc Oy " to" dzf dzd3zj dz, zse dfmilsd ¢ Odz' y ﬁteisucifr]ls;tsd&
Ctsdzlsd 2 dzj tedz' € sOfm"r BOdzZH OZH" W BOMYO OMfj S’ dz
OdszLsOdZHf. RdzW tcOY " to" dz dgH ' HOR Iskz, dztqu’fr]lsq’C

fr]‘d3HJtGH SWIsO2 zOdzH " Iz, Y OWO Isjrdetsdzse dW dzC
" fyr dgr fls nfygr dg" dzhr . 1 jtojSIsjteH' IsOdzH OkZDO YD
DOL OY fyls dZHO Ctosdals j 2dzj odz'" € IsOMr 3OdzH OEZHT N jlIs'
Yster Isr@li T dg OMOdzH ™ . '"Hin® teldD KD 2 S € d Ofmr tckz

5O BOd&HOH' W Isd' dH' &' ¢' 5j dz B D MOYJ gjdzHY @B ‘G
wDdzj dsedmisdCOd v ddi eOy "ter dzf ok’ dz HOd' IsEDO T

sI2 dzv' DHEON HEOdz, ' € SBiRdDdedOt, SEd ¢ ddz

OD" dgH Oter , L CdsBdSOd ¥ eEmMk, BDMjCjcj yOB' dzj
MsOlsdmMisd S Odzr' v CSEtMmjIlsSC  hlsjts.

s ' MmyJ.

DOL OYMIsOdzH O Ctsdzlsj 2 dzj tedz” € SO d3OdzH Ote Il dz&
Yohfyler\!@ Ysqyjm d jHDE t6 Y jW' dzHjIsj H' 1"
jJdzH " w T h Q' L CtsdesdBd S Odzr ¥ HOBET UM d H] GOWr L

DOL OYMIsOdzH O Ctsdzlsj 2 dgj tedz” € sOfMm"r &3O dzH Ote D dz
HiWGEJj2HJQY MHakIOP2 dzj tcdz' € IsOf" 3O dzH O'teH 11 h " dg" el
JBifm. -OBdZH@®DR 22 N dzH" W BOkMr di3r dZH O E IS jdz Ar gt
sOM" 3O dzH Ote 3 Odzf r YU EC IsOMr BOdzr dgg Wwtehs'j Cj & @ H
HO. tdifMmMi2 djd D" Is02 MmMdwylsr Ctsdalsj 2 dzj tcifizl]E IsOf

Iz CEtmjkC'hlsjte SeEd § JditOy"tr dr & dz
sjrnded COdz" ¥ YDdzj IsjrdesdzsedwWdzr Yy YOBH' YIsrw Bfsd

[frdz  dzje' LEj OkO isrter ], Ljtellsjlkz nh
t iMfedzdSOMr dr W SEeEd ClskS mhb'daz masilsis dE ©der
02k Cjtjs.

DOL OYMIsOdzH © Ctsdzlsj 2dzj tedz" € IsOMr BOdzH Ot ML
OZzO2HO HOM DOz jdzH jtH] BMr Cedz ¢ bt d2' W HC
CEd Ch'w GfMr kit d v ikt Cksjdsii R sz de dzgs@w * L H
YO il Isd' fls® ddWteOYy " "tor dzf d3de' W B sdzd3Okz" B tsdz

DOL ' teg " IzOYflslsO D Ogp @O IOE dzd B EXY'dedsiYIsO M BOEZ H
Oy sz ¢ Isr Qs & j dze fMdwylsr B ' tedzj " j ' to' Ctsdzlsj ?

g tsdz d3j dz DO OPBIsOdz OEZBOOD" dzZHO - Odzr Yy Ote Oz ¥y
Cdzlsj2dzgjtedzj eH' W CeEfflsjcidz Islitedzjtc' dz § O2HOdzOO
YSdzH Odz' dzOls™ dz Ctsdglsj 2dzjtedzjteH' W Edzh j dBH j to &,
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BO2 dzOdz" flsr . 1 n"dz O2r e BOROdH Qls O%cj v 'l deHsjj toH " H 'IstO'Mmffyls j
hrDr dgHO®BDO DS jdzlz® sl BS * da.

o tsdzH@Y?, Y OL ' g’ ZOyrisls©@ 950L Oy MlsOdzH OO tsdzls j 2 d
sdzls j 2dgj tedzj tocH' EdgH ' tolzc ] BOBOdZH OdzD Odz € sz Odad W dzC
IsC jdz YEdz 1" dz eldEjldgjHtg H ‘Is O dOidHdREZHT B OMY O CE d
" BB O’ €Oy jljH" .

r Odzff v, DOLOYMISOdZH O Ctsdzlsj 2 dzj ez’ € IsOMr d3OdzH Otet
OdzZODOIslsOdzOtedzr YMrL HJf BOODOXZOEZDO BGAZOHT . o dzO2 |
Edz' €' w fMmr I1Qdg Isdz yibhdzjdz yd®y jHsIs ' ddeW tc Oy " tor dz' d3H
jd&mjdH' YY"k ) NNELE LEH]. uvOWE BSE&OMNOYKO DOLC
ODHO2 YOYMOOH'™ ybpdegj B"dZz BODrIs dzjOo"tedzr &3 Isd "' a3t
B Islsj daj d3° L

[ OlsjtcdOdzH Otg d3j dz Ispm' dzH J t6.

DOy fIsOdzH O CBodzlsy 2 dzj edz’ ¢ sOMmr 3O dzH Ok D O B O2 dzO«
BOY OdzOdzOteH T, C" sOfIsOteH”™ XY DdzgJ] BOMYO HO ) OtedVwWw dzOdk
tcjodLdw YNt 'L dzH' . cHJBd hsdzk Nndz¢jdz Mkt sis' C
B dz Yr dzgH' Wis@OzDO @3dedz¢ " dzH " € B Jj toH " .

DOL Oy MIsOdzH OO T Ctsdzlsj 2dzj edz' € IsOM" BOdZH OtHT W C |
Isd® disH " d&z' ¢° dBIJdz Edz’ dZH' dz' ¢ dz2Jj B O2 &zOdz" Misr MlsOIlsdMmlis
I"dz IsjdzH jdzydw dzOte d3j dz L OUH'-@z Y 3 @ H 'tc ¢ 'O dztzPO@ IO @
Y OYMOtwlslz pdzjzjls' dz BODOZOEZDO Bl BS " dzgH' & B J toH " .

1dtelslsilz Yy d3" M 6209 L QFOhyld@dsH OO ' Ctsdzlsj 2 dzj ez €
Q0" dBH OO ¥NAjMd Ljllsjkz djd IsOdzHOEZHT , J dzH " v
YOB'  dzjIsls' dz' ¢' dz Otelsls' tckz BOY MOIsT day @Oy MOdzIse I8 § * diH
nfpr dz" BHOt DL tedzj ZH' YOMISdHT .

1dtelslsjblz " "d3r mr dzr w 3 dghnjIslsjte' dz 3 dzi 6" L' Istsif"

- HD0OLOYMIsOdzH OO Ctsdzlsj 2dzj edz' € O BOdzH Ok MO«
3p MJ dzj dzj toH ° L-PeH Cdajdids, ] 2 o4 dzelzpd o H f O2 HOd&ZzOdzzH "™ W N
spy " tedBj M' dz MOdzr Misr telz;

- sy MOdzOH OO N tsdzH OteH T W, Isj &3 toy sdzH OtcH T W
YOlsr Mhr dzOteHT W " dgr Mr dz vy sMO OkzoOdzH O, Ctsdzlsj 2 dzj to
sOd&zH O Iz ;

- Ctdelsj 2 dzj todz' € sOMm"r B3O dzH Ok H T ¥ OYMOtlskz nh* dz
nfyr o dzf MO L O tHils.OdzH © JdzW tc Oy "ter dz" d3dH" 3 Oy MOz, L
ddzdzso Oydwdz' v Ispfp' dzH j cH' Y tsSdzH Odzlz.

DOL "6 EZOY"IIsO DP0LO0OYMISOdZHO 116, 2 & w Cd3 Oo
Cdz €' tedzgy Y tsdz, 3" 202 d3j dz G OL HT sOMr BOdzH OZD O Of
yBsdzH Ot BOte CEdZ ¢ C€jhjdg BOts.

DOLOYMIsOdzH O 202 ' &ZDO OttdzOzOOdz HjtejCIsjtc BT
Offr BOdzH Oter dzf W Y Odzf r CEdzj 3" dz' W
73
0]

X W iN—=< =< m

ndzj ' sJ 3" ey tsdz Is
Y "tcOHT | Dr Is@2HO % Y"tOHT .

DOLOYMISOdZHO § O2HORZORZOEZOBEZ 2O Y DG Ptz O dzls © fg dztzj 2
MisOdzH Otcls T mMdwylsr ~nOdzr yOtcOdzr Y MOY O ypdzayj YOER' M’
DOL OYMIsOdzZHO YN CIsjtoH " sOfmr 3OdzH O 1 h ' dz € tsdzlsj 2 dzj
3T dZOdzOteH ™ Y Ozl dzs lsfy Q42 2582) todzj t6°

DOL OYOBOdEsdzls j 2 dzj tedz' € 1sOMr ZOdzH Ok B2 d2h © € §
DHL, Schenker, Fedex, KTZ ExprégsizHj e sdzQtgHsjw@h
sOMr 3O dzH Okzh ¥ ZOtGHT W B ' to Btsdzr f IsOB'" dzOH T . 2022
JMitflsjteHJ 330738 Citidk]stJQHdmqujHWdzOerAq)B" 2021 M|
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CjLjw d&jdz (294152 rAC)OD@OMEIs! tc Y GdziD® dzl F% S
s Of" dsOdzH Oh 'S EQZi s jat j1 S j dzls ' toj o' L .

1 Cjfjesj2dsjtedz ¢ SOM' BOd&H O Cedzj &5 , rAC

12 02 2021 . 12 02 2022 .

MOB Ots dzO d3 ndzj m' ndzj m
DY KTZE | k1ag Dy KTZE | 1ot

stcOdel s | 1065627 | 259477 | 24,3% 1129 241 | 294 022 | 26,0%

d B sl 285411 | 9043 | 3,2% 324823 | 12102 |3,7%

L C MY Stels | 246946 | 22591 | 9,1% 321805 | 17070 |5,3%

] My B dzq| 34555 | 3041 | 8,8% 91956 | 7544 | 8,2%

B Otodz D' |1632539 294152 | 18,0% 1867 825 | 330 738 | 17,7%

[J©jCCEL. KTZE WMk §OLOY" O |

Ivdz tejlslsj KTZE 1Sy jHdydw zOdz0 Odz IsOMmr d30 dz+
IsOfmr 3O dzH OtcH ™ W 11 dzj " 8 9 %, g stelsls™ vy 3 %, 1 G
Y "tGOHT .

KTZE IsOffr dpdze @®tz" dzrelsC jdz X" dzh' w Mmp2¢Cjfp
stcOdzL dIsls* € Y Olsr dzZOMlsOtcH OO GCEdzj d&BH jJtoH' W 3454
tejMfzedzd COdzr v (+48%) EMk' dzgj B O22 dzOdzr fylsr .

stcOdzL dIsls® € Y OIls dzOMIs O Csdzlsj 2dzgj tedz” € IsOMr d3C
O2'@gH KTZE SOd YOLOd Y steOdzL Isls® € Yy Ols ' dzO
LeCMfJHdydw &zOdgnr, B"dz ElsC jdz yrdznrw Mp2¢jiMm €
13%00 Otels™ y. 1 "dz HjNe'j SAsjjfipls jsHsidzr B0 ttc' Ockc j2dz.

2 jElyOd dlsls' € B OD' Isls Otaf jeHE]dE] dd¥' diifD deMlsj’ dX TCZk

sSOM" d3OdzH OteH '™ W HJd2OBBd S OM"r , rrA¢C

b OwsQiezls 5Y MOdz 20D OwlsiQezls sy MOdz 2 0 2
1 QD" Isls © i - i :
sOfM" BOdH by« KTZE ndzy m° g, KTZE ndzj m

KTZE KTZE

D Mir O mt 662 185 | 117014 | 17,7% 490 043 132 499 27,0%

Dmi[ D m{ | 216634 | 92681 | 42.8% 204 823 | 63 257 30,9%

Dmit fOMi | 69738 | 25597 | 36.7% 299306 | 81738 27,3%

iU 14681 13920 |94,8% 11 044 10 834 98,1%
D MR tc GodBA [ | 2862 | 2 862 10% 2 701 2 701 100%
1 Oy OdzOtd 99527 | 7403 7.4% 121324 | 2993 2,5%

1 Otedzr O' :| 1065627 | 259477 24,3% 112924 294 022 26,0%

[ J©jCSEL. KTZE @imdkd §OLOyh O’ |

2-h t CiMmisjed T MProwmitfG 29t -2@06) (1 @ damt-6%)

) D dzj BOMY O HE0 % O 0B @UsOldcls O(te " B2 dzh © KTZE Is
sOMr 3O dzH Oter dzr W Ised3gj dgh j 2 B O2Y OdzOH T .

Dr ls02 e §OBL dzjIs' dz Otelslsr ez 3y pdaij tdzOLH' Isd
MOz O »ybpdzay JME' dzjte’ dz Y OUOlszOO B dzfMj dzH ° d
BOWT LH'T f§telslsOter : zO0dzm 02, 1 ddzBts, 2z 1! dzy gy 3@
B dz Ctdalsj 2 dzi ¢ dzls jO®dsdsddgIDdeHSGRElzH ' toF dzD @ Hzdz" BAGY fivle O @
Drls@2 B'tdgi"j HDAEZ LHjte Otyr d [(kttsfOODO Isjd
HDWdZ LHjtH' W Cj2B ' tcjkz' DHDOLOYMISOdZ OkzdBOODr Oty'’
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dJMdi2Hud YNClsjtH'" W jHDE 't BEW ¢'- jftcsekk®ts’ o
vihg'zec O, 1tsalstrslsfnfnq’2fn€, .IdZOHC{StSfr]ISﬁ(Z,V O e sy DEzj ¥ D
¢ o tsazls Il,fnts[sﬁfr]ls Ce CEA € HDAE LHjtH' W HO®LET HO (sl
pfmjte JlsjH". Drls@2 Ypdzgj tdiMi?2 (otlslsOter d3j dz X D dg
Ctodzlsj 2dzjtc EdgH ' tolzh ' dzjteH" " W B ' t6° BSdZ' §f ISOBT dZOHT .

r'd3 MIsO Cjdzls' t6" dzGjdz BBpdz' dzf SIsjtecay MmMu22jdai tsis’

800 &' W Isé, Odz 40 Wkislkry Qtsdzls;?dths 1, 2 ddzdz Is@
ZOtcr YIsOD"T BOODOXOtH' L jtols®j20cBzisis] Y D © is@zsf) R @ajzic @
153 didzdz IsjwejGj HJ?2' dz Oz » OVW0O-44 azdAiAz Bslg Wy | & § dzlst jj

Ndlsdls'" d2 Odg Y IsOdz0 Odz.

1 DIsdyJ dzd te.

stBdzlsj 2 dzgj tedzj toH ' sOMmr 3O dzH Ok DOLOyfr]LsOdz Jfr]t]’lzsdz
BOWT L HT Ofmf j Cls'dd®@Hr .B sz tf j dzsddiBdz, B"dz Isd° d3|-|' dz’
YORBSOBOMr L jlslz nh' dz ndzj &3 BwUISO2 ZzOdzH'™ telzH T yo>1415
Cdelsj2dzj oz’ € IsOMr d3OdzH OtcH T tWISO2 ZOdzH " tclz 1 h ' dz Yy O

DOL OYMIsOdz t j M B dzd € Ofif) rdzal@dzH © 5 Hzls | 2 tsiy) l4c@Z RO dzis Otc Iz
h OtcOdzOtc: DHDOLOYMIsOdz t JMfkBddst OMmMr YN ClsjteH' IsOMm" o
BOth tozlslsOter d3j dz MOk Mis’' ©ODOdZHO td&OteH' W BDMJ S j &
¥ MlsOte Yyt Lk, yYBRBOYI' ¢ OHdf'isO da dgioted Yi3H t© tedzr dai3 " Ist
sOtc M Jjtedzite' dz dzllSlsjdz € ' ek (ysmMr 3O Isj B Yy sd
L dzj Clstedzj dzH ' to bz, CEdz © gdeW tc Oy " tor dzf 3" dz Y OVUOtelskz
BOBOdzZH OdzH " tc" d&ZDOdz X" dzy " BZOdzr yYy"tcOBBH" ybpdzj hj<eCOwO
yDdzp . . YOWOD! tclslz YORBISTH" .

1 "HOdz D’ BOtdzr v dpMmJj dzj dzj toH ' Y OtcOfls™ tc" f X D
mMn2jdg " terf, DOL OYMIsOdZH O CBdzlsj 2dzjtcdz’ € I[sOfr d

dzj ¢ Le" hjh' d&gu' nir dzOd3’ da.
1. vl ulf HDdz' L B2 dzh O IstcOdzL dlsdzt & § Odz j 2 dzj
Cedjd  Jfjfl’ CjLjwhwj 11 044 rAC Yy"®GOH', B"

fIs
MOd fls’ co-@dH @LL5 %

3 imMBSf My jHdlsstedzOte BE dz' dg' M" dzH § vf uf BOOD' k
Qisdzls,;l)dz;tedz ¢ IsOMr 3OdzH O, r A€

. 5D OWs|Qtezls sy MO dz| D Owis|Qtelzls 5y i) O dz
CEMPJHdlsbe@OE e ndzj M' |rAS ndzj M .
¢ OcKTZ Expr essl1l3920 94,8% 10 834 98,1%
rzducLi ght Way |[124 0,8% 208 1,9%
rzucl CEBERG A(538 3,7% 0,0%

r Zucu tcOdzn € s dze 0,0% 2 0,0%
rzducvVektoreée 65 0,4% 0,0%

® 9¢s j H j dzls tc O dzfn fi 34 0,2% 0,0%

] Otcdzr O . 14 681 100,0% 11 044 100,0%

[ 6] CCKEAZLOGI STICSé DOLOYMsOdz SEd ¢ 6
f OOy BOM" |

ZiJljdzH' ¢ Ipy ' tedBjHjdz CEtGEjJdz B LHJ2 (tsttlslsOtcH!
DOL OVifdsjoulz L c§ hr DO OdzdzxQ ISy @z2c G @O fipsdp OsdO MY d2 Otey
BBl i3S " dzgH " Slsjtc HJ Ohr dzO OdzOHT . stsdzH" YIsOdz ¢YIsOk
CjJwuji2lkz yYOxil, ¢YlOk st ddHO Cwdalsj2dzj tcdz" ¢ =~ OB
Y OwOtlskz, Odz D"ty §stels’ dzH O B @wWOdz O2iGEOJY Yotz , O tg D!
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MOkzOdzr Y jls' dzh' tclz@Y, BMal®OHsS k, uMBB OPbdzj Cosco
Codalsj2dzgj tedz’ € f jtcOtodzOtcHT W Ctsdalsj2dgj tedz’ € ff C
2.8 jdzj ) dwofMjdzids L B'"d SO0t O §jdjls

sOMmr BOdzH Ote Y Ntee ' L " dzjH' . [vwdgrw "h' dgf i stels
2022 Yrdzr DHDOLOYMISOdz dBjdz D" IsO2 Isj d3' oy sdb @t
(23 ddzdz Is. ) SCEeEf YUSE IOMr ©gOdzH OdzH " . wtSdzgHT Y Is O
YONDEISO2HODT Isjd3 teytsdzH'™ W jdg 1435 di3d dzdzd o34 Is't
YOteORH 30 i3d dzdzd oz Istc. Cj wil Usl©jB tOHIZdzOmRY Hs jOlts;d31s @28 O dzB O t
Dr IsE2 h jCOttOdzr Y MsOdzydw dzOter dzgH © Y lltge " L " dzj H " .
Is 11 frgizj ta” Ddzj " & Mh " jwejc' d YOxJlIs uj'isdg Hd3D ) jBC

A
hjh' dze 3 tsdzr Ctodels 2 dzd todzj toH B'tc Y"LORRZOd
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Abstract. The paper examines the current situation in the field of container transportation
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main problems hindering the development and efficiency of container transportation in
Kazakhstan, as well as to provide recommendations for their solution. To achieve this goal,
various research methods were used, including literature analysis, staistilyasis. The study
identified the main problems related to infrastructure, logistics processes, customs procedures
and other aspects of container transportation in Kazakhstan. Proposals were made to develop
infrastructure, improve logistics processepfimize customs procedures, and introduce new
technologies and standards. Based on the analysis of data and conducted research, conclusions
were drawn about the need for a systematic approach to improving container transportation in
Kazakhstan. The implemgtion of the proposed measures will increase the efficiency and
competitiveness of container transportation, as well as contribute to the development of the
country's transport and logistics infrastructure.

Keywords. Kazakhstan, container transportatidransport infrastructure, cargo flows,
economic growth, competitiveness, transit route, container production, statistical indicators.
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ASPECTS OF THE FORMATION OF SUPPLY CHAINS IN THE INTERACTION OF
MODES OF TRANSPORT

Abstract. The article presents the features of the transport and logistics system
functioning as an integral system, justifies the need for the use of logistics methods in the
organization of cargo supply chains.

The formation of effective supply chain manageim&ystems is a necessary component
of the transportation organization strategy, which cannot be implemented without the application
of a logistics approach to the activities of transport subjects. When delivering goods with the
participation of several nues of transport, the achievement of the maximum cumulative effect,
as a rule, does not correspond to the required level of technical, operational and economic
indicators of the chain participants due to uncoordinated work, lack of clear coordination of
work. This determines the need to develop a methodology for the formation and selection of
cargo supply chains.

The article presents the main order parameters for the development of supply chain
options, a generalized mathematical model of the supply tlz&ireen developed, which is an
algorithm for choosing the optimal option for the interaction of supply chain links based on
customer requirements, taking into account the rational use of vehicles and determining optimal
transportation routes.

Keywords. Supply chain, information support, management, economic and
mathematical model

b2 dzzte 0B Q¥ BOBTEHHOYd Jictso Odzdzd T O oY ¥ MigE® ) H O dziny
Qe dOydd, ¢ dzdz@ilsur.gbzhappa®va@mdillsuO dz,

lzdz HOZO 1 B BswOdls, PECOHJBIY dtsedmisdscd d
s OL O~ ghdy @2iENbox.ru

el rsuvg AftIRrRIESIurmCcIAmUO

Il [{s 1tRrR IVTORI[Jrrueauvul
IR [ st o1 8} 1 U

¢

O ez ls O qduilsOls' j fioj HinlsOo dzj dz¥ -tefg & o fi) Mzdz )15 § & 2ls
fdfmisj &g, WedSydsddelzshj2 COC yj dkshlsdow mdfhls
foddj dj dzdv dscdmisdui MSdn &jlsseigs 0 s&e &BhisEo 56 ¢

AstehRdtetse Odedj WWjiClkdodsy n MmdMmsjd LkytOs dzj dzg W

BjsBRsHdAB & St®fsdj dissd NMstOsjcdd skeOddL Ooydd

126


mailto:Ainur.abzhapbarova@mail.ru

DOLssd mOBOth r)n2023~ 4 I$SN2A6PB817(Print) The Bulletin of KazATC
l imlsded ¢ sOL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

toj Odzd L ts9 Ols! BJL i tod d3d dzj ded W ¢ dfmlsdud
Mke! jCbuasmMisDBE ] CctokzL s fi IzuOfn &3 dz
BOC M B3Odz! detsé s Mo tsCkf desegts 4 W W o,
Z tcts o dg® I € Adedfizt®© Is Oy d ts dzdzr ~ d 1 ts
ZyOomlsdzd ¢ -0 O\ §lzf &) s ¢ &AOB)Es Odadzts B ls Mz
Clsts tsftcjHjdwjls dzgj sBntSHdBsMIs! Is
fsMlsOoats¢ cokzL tso .

l MkOls! j ftojHMIsOo dzj dg@¥ Mdatse dz' j Otc O Is
sfisOo ¢, tcOL tc OB t5ls OO g €S EOW | datir®On | dazO Isy 3 d
tcj HMlsQoadzw jIs MtsBs?2 Odzcstedlsdz o' BstcO® flsddBzO
ifd st dO hmMdssj ItejBtoO0dzd?2 L OCOL yd
teOdznf stelsdzr » Mtej HMlse d tcfaj e def 8 st d &30 dz

ﬁ_(ﬁ

dd
J &
¢t 3
sflseo d
OL e ©
] &34
]
]
Y
Is

szt yjor g Afdetseo @.smlsOo 56, Cfdi@sdziz@d$d yj MC Otz
Lodde W yjfd fesmsoetsst, sflsdhdL Oydw

kkkkkkkk kkkkkkkkkkkkhkkkhkkkkkkkkkkkkhkkkhkkhkkhkkkkkkkkkkhkkhkkhkkhkkhkkkkkkkkkkhkkhkkkkkkkkkk

127



DOLssd mOBOth r 2023~ 4 I$SN2A6PB8L7(Print) The Bulletin of KazATC
l imlsded & s OL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

¢luvlfovuotpy vr] H;[IM¢$ RSO, 1o8f o138, slfiP?oug
137381 01
AUTOMATION, TELEMECHANICS, COMMUNICATIONS, COMPUTER SCIENCE

bluv[foduvRrRYOGARC, wvrfrfrmdrrRsd, wlcr?, sffl1?2durt

vrs 004. 9 DOI 10.52167/16094817#2023127-4-128139

[.1. i3 s5CHEhOdzso v Q" Obktsar.acOddfjq O uvEdzjh joO
Y oteOLd2MCd?2 dOyYdtsdzOdz' dz' 2 kdedo jtemdlsjls dd3. [ .1
Yytej Y Hjdedj ¢ A j dzlstels gzDbzafug] HS R dz@bpipdafsH tso Odzed?2 Nat
O zdzOIsT , s OL O MlsOdz
[ -mail: yerzhan.seitkulov@griaom

01 ¢ rRY R JTIRICTZ JIURIO[?713M sTRISIIJUISYNRY [ &5 RA

O dzdzs s Oy @ dzdzO"  ©OBBIO fsMowh jdzO o6ftshk
Ctodf ssctcOBRdsMEal.n | HOdkEs?2 OB |SBABEipds Kt j as
sflsdBOd dshmisd, © kOSCy,j Oludsdsls e djo jogjjlsiE H ' to O fdzdeyjdet
SBdztsC tso . | dzv OdAedgtsCOs od offf BdeEDjdz Glzso " 2 ff tots G tc O dzdzdz’
OOEdL O d MddasjL O S€wEfksg Ok fyg MO dfhds. dzO0 WL
| 5L B3y desflsd  ddeflstebdsj dzls© oo Olst o O8 Is  @dad whzd ydz'
fkh jmlso ks h i ¢ tod§asdE WO d U ffeddd@ls j L dztsod 5dz" € Is d d3C

Cted f Is 5 ¢ to O WSeR iz Isch = ] H O dzdzts 2 tcOB Sls n fsdish ¢
or f sdzdgw §j Isfpw 6§ dzj e Oy d%B ddEforg on. YALPAZO do rdf Sdzdzw j Is fipw
dL o j Misder » ¢ t§ fBHEEANod. W J | J dzd SBAIASEMS o dztsofif iz j fMls o dzw j I
sfdztso § cdB ¢ ts ZOMmistc©Odo O 3" - d L OHO9 Oj " ~ i s
stflsd 3Odz' dzesfls d . J teJ L zdz! SOIs] d3tsy BasdztyfCsialz, y d 45 ¢ s 3w
ydfmdzj d B dZOH O h R dzj sB 3 R s Gdsd st Isd &3O dz' dz" dzd M
sdzs yjor g fnazdzl @ tc B3Oy d 5 dzdzO W BJLE OMdzsmis
Ctedf sscteOW duj MSdj Odze tstSepledzC,d, ¢ s Isiasfcyts O W dOwuijj L d J

I'eojHjdzd]

o d di3d3d sted ydzr 4§ Ctedtf IssctcOW dud MCdJ Odze tsted Is d3" I
CtedfstscteOW d wWidnRidyd d risiefgls dB ' Is dzq dzj 2 dz' &d . (H(
dmistsyded ¢ Odsd dgj dzd dzj 2 detsfyls d H dz%B dEsS6 dfE ¢ dO d26 45 dzy 4s Isf3fts
slstsBtcOy j dedwVv d3d, M tsMmisOo dzv 8 M d d3d n d&jON s ldstsliizts jB dHSASI® tsak
Mdzse s HNozd $B" dzts € Wy dzw 8 Isfyw Cdzs yJ o dkdls tc § tpagyf s dzj dz
Ctedf sscteOWdyui MSdr Odzetstcdlsdstso , sftcjHjdves hddd d-
Ctedf ssO0dzOdzdIsdyj MSdrn OLOS sOSdn, COC HWWJtej dayc
[2].

r dzv B M J ud dzd dzJ -~ S dEsGds Hztodsp dizv  thEsds@ H Gsldry

o tsMm 1 Ofted Bj o, dz
odzj Ckls LO MtsBts?2 orf
dzj dzd dzj 2 dBENd2EC o4 | tsB J MY 908ls or MsC ks M2 smlis!
ftcOo d dzts ,sisffjtedn t€QA@=] f Ists 6 dud MSddsd OdzetstedIsdzOd3d, ¢
SBdzsS d, BB ydes Mtsmtcj HislsOyYdo O kv dz0 ¢ teOded Y dadk
Clsd Mots2MmMlsa ® dcetcOs s o Oy dalzs tc ts dz o Byd &zt j§ Mt
cOL dzd ydzr d3 Isdf Oz ME ik 1OBsRO dzdslafrdjm ¢ OC dzd dgd 2 dz" § ,

j 5B
LCd L dOUj dzdv W B MISE Jsdry d O dz
Clzs Mlss2 C tsMmls fteslsdeo HWWJ

128



DOLssd mOBOth r)n2023~ 4 I$SN2A6PB817(Print) The Bulletin of KazATC
l imlsded ¢ sOL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

Oz jBtcOd U MSBESCEISOSCEHB dzOH O8 h d j sO¢dd3 dzOB tstc
sflsd 30dz dzr d3q .

bydlsr s Ov 9 Oy BB rtsC BOyJ tedzf Ish Olsjdzr dets o' B
Odzé sted s 3" , dmMf sdz’ Lz dgfwi, Hsm wifdewes Gmistcds | das
tcOL tcOB tslsyd S Od3d deso r A Odzé sted Is di3gts o . SBRUIMBHE tisdz’, L t
dzj Lo jMmlsdz i3d M sMsB OB dr or' BtstcO® ddzd f sflst

BJLBY OMmdetsmis d Odze sted IsBs o . s BHsdy € d Is tsdgtisds bz 1) of L ve
fslsj dzydoOdz dzr ©3d Mtej HMlsoa OB Hdozvw ofMls©oaCd BL1 CH
Ozestedisds [S5], [6]. vOGB Lo toff @) to, [ §nMmdzidH

OdzG tsted Is BO R skiL dzj ud¢ (tesimimd2 mMC d?2 MisOdzH Otsls
dlstcdBtsed2 M YMm MisOdzH Otcls Ctodtf ssctcOW dyd ME s@ s
fsCOLr 90j s IsOC zs otsL d3tsy dets s ¢ dzO dzd yd v B 1
MisOdzH Otels L qietso Odgdz' » StodflstsctcOW¥W dyd MEdrn Odze st
[ By dets o' HJ dzd Is sted Mmdzsodz' § MsteOlsj S
BdzsC 59 . 1 Jjtoar 2 f SHAtSH 9Cdz¢ Yoyl dmisdz L 89 C
ftoesj SIsdtcsB @iz o . SBUMSE d SMsL HOE [sw dzO ts ) dats
KOl j BOdui MEda feddydise d oL OddBsMmewL 2.
wodw jlsfmw dhYf sdz' insedd&dz-mRsSigas dpetiz ) MisOdztso ¢
tojLEzdz sOIsj ddzo jtemMdGF2D . C @i yisdykz§ igfo zj Is o
Odze jBteOduyuj MSdr djlssHtse HAzW MLHOdWY § sHMIsSOC
o Mz yO2 dz8eRzdztf SstfdnC f) o B RicHESdESEdso , B dzOH O h (
nOteOCIsjtcdMmilsd ¢ Od3d . vtejIsd?2 fHAtBH {f t8jdsOdzOf k
Ctozf pdzsE tso ) LtsyS¢d Ltcjdzedw BHdsets ddzd dzj ME s
ltetsj € Isd tcBm sty o By jls BT IS fndzts ) dats 2 d I
fsBEBHQAMMdj HsoOlsjdj?2 J ©OLLOBsEYdStse tOL o
fsii3scOs hdj o tjhjddd 1 Iss?2 LOHOyYd. €CIlsd ddzmlst
d d&BjtsHr HAv ftSsidambdEdod BERHO@EBY 3 EME stow w
SBdzsC d B kzBhzgr so Odz" CO0¢ o fotcteOBRds, IsOC
tej OdzdL Oydd tOL dzd yos Isfqw o L OeadMmMddismisd ls
O ted d3j o6, BHdzdd3 dL IsOCdr ftotsctcOBRBde = d dzflstok

Peigen[ 1 3], & t5lst©OW s jddedidy IsB jHLds f Omdzs s d, fBsL H O
BdkzsStso d §sdMCO 1 WWiCkdodr i f(sctOBdd »
Htezedj ©BNM jHiMiskEY d § ddeflstezdgj dgls' , Ctlstster j
WbdsS yHR dztgS s [ 14], [15], [16], [17].

ltcOBtslsjy [ 18] ftjHMmMlsOodzjdz dzser 2 f totsc tc O d3d3e
di ssctcOfrdig ME af = dzOf ) PeluaB2 de®L WBisy Szsmisd d
9 Olsr 908 Is tOLddyde j] Wkdtydd, bkOSCd] CO%F Odz
s¢Ctse d fihd destfjle d dyipmiaf lsiziznr 8C ted f Is tS@ tdB% dsq 4 MU d ~H
Btslsy f odish! s L Istsets Jqdemlstekzdzj dzgls© o " §F tsdzdz
sC o . v OC Yy J or ff sdzdgw j Isfyw OdzOdzd L © SBzEAKIS s ¢ L

& Lo 0Ojdjd Ldouyjdd2 Stdsjtdjs &flddod

Sy j Mise 5 SseOkmdmedy Do Istsds udmdzj d B d&OHOs h dQ

52

jttdOd d &jlstsHT .

H J SBj (s as ff b d 3O dz! [dedsylsgQ Is §rigzEB) € f S ted H
s Bhkdzjor s WkdCyd?2 d ojChktsted = Bld
j dzj BE(reSY s s d (B dsStd §sHMsOdss

(
1 9
H )
EBHES B W BHG s dzj ydats ftsdzj §SEWHCO 2.

J
¢

129



DOLssd mOBOth r 2023~ 4 I$SN2A6PB8L7(Print) The Bulletin of KazATC
l imlsded & s OL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz

SBdzsCd dhselkzls BriIs! ftoj HMMlsOo dzj dz@ dzj MC tsdz € d d&3d
IsOB dzd yr dmisd dedets s d , Odzé j BteOdyj MS z¢¥ dzts tc 3O dz! dzlz
ftcjtsBtcOL 59 Odzdj uvidzh O d WEZdsByfsB"GBlgErick | B2V §d d .
ftcj HMisOo dzj diz g™ o fl R TpEPlsHo r i3d Mdzse O3 .

ltodd3j tSB izisC B dzts Y dRXES Data Eid¥yation Standard[19])) DES

dmyf sdz' SledisCA8E® - B*, tMEkzh j mise dzv «Bhddistdz’ Ln Cadigisirsizay, 6(
&, a6) O] Itdah, b, g, by) M fsdi3sh v IsOBdzdy f t-Bijzfeslzs M j d3
) dzts dds by, (03, ba) ZORrsHdIsmMw o MmMttslse jlsMlseakzs h j2 IsOBdzdy
dets 3] tadsady ((HOo O odaj h dzdRB gl tEOC B RIS @)s 6 afpstsdzB yO fr
a,8) (Ud 8" o) Boddslds tojrdEimEfilEHASE 56 Mdzseo ©O) . | Of ted d3d t6, M
ted Mzdes ¢ 1) sftcjH] 2SBlEzc o ¥ dqusdkBsshs i3dzj 4 o~
010101e, Csktstesjy dd3j jIs odzgjhdedj BdIsr ¢O01leée d o
raBHdts] Mzsets ¢lll1le.

Q000 ) 0001 | 0010 ) 0011 | 0100 | 0101 | 0110 | 0111 ) 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
00 | 0010 | 1100 [ 0100 | OOO1 | 0111 | 1010 | 1011 | 0110 | 1000 | 0101 | 0011 | 1111 | 1101 [ 0000 | 1110 | 1001
01 | 1110 | 1011 | 0010 | 1100 | 0100 | 0111 | 1101 | 0001 | 0101 | OOOO | 1111 | 1010 | OO11 | 1001 | 1000 | 0110
10 | 0100 | 0010 ) 0001 | 1011 | 1010 | 1101 | 0111 | 1000 f 1111 | 1001 | 1100 | 0101 | 0110 ) 0011 | QOO0 | 1110
11 ) 1011 | 1000 ) 1100 | 0111 | 0001 | 1110 | 0010 | 1301 | 0110 | 1111 | 0000 | 1001 | 1010 ) 0100 | 0101 | 0011

tdmMzdzf®@ dtlz dL Sp iyl 9 B AZSWEBGt " W O

1 tod d3j 8B tzts € ( B dzts Y daebES ERijndag W (Axl@ansedEncryption Standard
[20]) AESd Y sdz' -B & |p bBBBIFCE® - B%, f sflstetsj dedz" 2 f dMf sdz L s
ftcj sBtcOL ts9 Odzd 2, ftcj K.okigheg fiz@z] » o GOBBEEHgOYdd M (
fto] sBtcOL tso@dzdii d3.f teJ HMIsOo dzv j Isw fMdzj Hize A j2 Is ©B dzt
fJdted MsOdzso C 52 256 + dzj o3 delsseo (HJ Mwisdydzer = ddzd " §

00 | 01 | 02 03 | 04 05 06 |07 08 09 O0A OB OC | 0D OE OF
00 63 | 7C | 77 | 7B | F2 | 6B | 6F | C5 | 30 | 01 67 (2B | FE | D7 | AB | 76
10 CA | 82 | CO  7TD FA | 59 | 47 | FO | AD | D4 | A2 | AF | 9C | A4 | 72 Co
20 B7 | FD | 93 26 | 36 3F | FT | CC | 34 | A5  E5 | F1 71 | D8 | 31 15
30 o4 | C7 | 23 | C3 | 18 | 96 | 05 | %A | 07 | 12 | 80 | E2 | EB | 27 | B2 75
40 09 | 83  2C | 1A | 1B | 6E | 5A | A0 | 52 | 3B | D6 | B3 | 29 | E3 | 2F 84
50 53 | D1 00 | ED | 20 | FC Bl | 5B 6A | CBE | BE | 39  4A  4C 58 CF
60 DO | EF AA FB 43 4D | 33 | 85 | 45 | F9 | 02 | 7TF | 50 | 3C | 9F | A8
70 51 | A3 40 | 8F | 92 | 8D 38 | F5 BC Be6 DA 11 10 | FF | F3 D2
80 CD | 0C | 13 EC S5F | 97 | 44 | 17 | C4 | AT | TE | 3D | 64 | 5D | 19 73
20 60 | 81 | 4F | DC | 22 | 2A 90 | 8 | 46 EE B8 14 DE  5E | OB DB
A0 | EO | 32 | 3A | 0A | 49 06 | 24 | 5C C2 D3 | AC 82 01 95 | E4 79
B0O E7  C8 37 6D 8D D5 | 4E | A9 | 6C | 56 | F4 | EA | 65 | TA | AE | 08
Co BA 78 25 | ZE | 1C A6 | B4 | C6 | E8 | DD | 74 1F | 4B | BD 8B | 8A
DO | 70 | 3E | B5 | 66 | 48 | 03 | F6 | OE | 61 | 35 57 | B9 | 86 | C1 | 1D | GE
E0  E1 | F8 | 98 11 | 692 | D9 | 8E | 94 OB  1E | 87  E9 | CE | 55 128 | DF
FO0 8C | Al 89 OD BF E6 | 42 | 68 | 41 | 99 | 2D  OF | BO | 54 BB 16

t Mk dzgSe ZBC B EZEYWESS " dW O

130



DOLssd mOBOth r)n2023~ 4 I$SN2A6PB817(Print) The Bulletin of KazATC
l imlsded ¢ sOL ¢ 223 4 ( IS3N27965802(Online) DOI 10.52167/16091817
vestnik.alt.edu.kz
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Al, 96, 29, 10, 7B, 9A, C7, F3,91, 78, 6F, 9D, 9E, B2, B1, 32, 75, 19, 3D, FF, 35, 8A, 7E, 6D, 54,
Ce, 80, C3, BD, 0D, 57, DF, F5, 24, A9, 3E, A8, 43, C9, D7, 79, D6, F6, 7C, 22, B9, 03, EO, OF,
EC, DE, 7A, 94, B0, BC, DC, ES8, 28, 50, 4E, 33, 0A, 4A, A7, 97, 60, 73, 1E, 00, 62, 44, 1A, B8,
38, 82, 64, 9F, 26, 41, AD, 45, 46, 92, 27, 5E, 55, 2F, 8C, A3, A5, 7D, 69, D5, 95, 3B, 07, 58, B3,
40, 86, AC, 1D, F7, 30, 37, 6B, E4, 88, D9, E7, 89, El, 1B, 83, 49, 4C, 3F, F8, FE, 8D, 53, AA, 90,
CA, D8, 85, 61, 20, 71, 67, A4, 2D, 2B, 09, 5B, CB, 9B, 25, D0, BE, ES5, 6C, 52, 59, A6, 74, D2,
IEl‘i, F4, B4, C0, D1, 66, AF, C2, 39, 4B, 63, Bé6.

{ dMkzdsg ©§ MsOdzso C O, BEEBHYE@OLE sk OWj ydC e
(h j lsdzOH yOlsj tod ydzOw )

I sstes@W teh MisOdzH Otels®  wo dzw jlsfw o Oted ®&ls sfifs O dza
WS Mmdtetse Odzdz eBA] lodiESrEds C B:aitf— B*.

vyisse' LOMglsdls! StdilsscwoOWduj MSdjSe @wke §edlsd
H S dzy dzf 5B &ZOH Ols Sftej Hj dzj deder d8d S tod ff lsotasjtdsO W o u j
Bdetsy j Mlso & s @Qed(ds jfpagdhlser Offls: L dedf d3jjls §esls
oLOdBEL Oodmddr 2 HOLCGhlEsE.so R GOBGKEH | dadp 5o dzj so &
Lo jMmisdey &5 Stedlsjedwds, Wodwjknw Btsd h S8 EGEE & &S
ClssBBZOH O s Bhdsedr 5 R OwLOSkjtdhsds odd, ddj¢
CodeCtejlsdzsets CtdfbscwOldyjMicses OkestdlsdO ddd H
SBEdsSCd &OL' 90 kv sflsdBOd d &d.

[ftejnjdjddj 2. SelcSHeRRErd 8™ &OL'™ o 0j lsfiw
o s BOd dzr o, i fdzg sdz bHGodzjlsotsEY jls OB Btk
Cedilbsceo¥duyjMSky Ms2¢smls! OdkdstedBBAESSE, 0 € st
shdsod' & odHOE Stdflss0doOddlsdyj S d-x Ol O¢ (
OdkejBtOdYj MS2) .
Vtod Sft] Hj dj dgbg kP stz C  JBeiiEcsq] tdsp OtzE W L Ols j ¢
U8B s bHsodjlsottewd ofjd Stwdlsjtdwd. 1 djmists
Gjhdl dL djddls! dzjStshster j Ctdljtedd, ulstss' ftdkz
Hisd j dz Ish Olsj dz dgts tsyj deq b daizs ezO ¢ ts tff tisds lstalg'd JO dizf elzts 2 i) |
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Bsekls otLddldbkzls! o wjLEzd kOIj. stttk It
Cdi3tf sdzj dals T 9 tcOdizC OR tcOL OB SISOdzdzsG s OdzG St
L dz2Oydlsj dz' dz" A H QORI j | 99 tsH sy  dzGigOim dz8 figi§
MYy j yd Odz -elafls age¥rs8 so, o Cdzv yoOehd2 Mmjd ROLOSIs,

tc O 9 dzts d3)j te datsdipjlsdzd dzj 2 detsfyls ' Odze jBtcOdyd S OW s j
Csdzduj Msets WdSCMdse Odzdz d ftoslsdo st sdztsy dzr
BdJ QlSC{SdZGlfQISSJ?ChWB%JStGJI-dZHC[OdZJ des?2 t©0Oo dets izl todetsfls
ftotslsdo HdWW Jjtej dzyd Odz! dzts@ ts Ctedf ss0dzOdzd L O.

tGOadztsdy&Edzleantsfa odzj Ckls L O MtsBB?2 of MsC ks Mists:
Ok O¢. ¢ Mot Mmise ts Ixfylsipdjdrzadsizts'indsafw jijashipMs offf s¢ OL Ols
ddzj 2 dzscts CtedflbsOROdEdL O. | ipeUss sa dz®gjj dgd v

or MsCzs Mists?2 C sfyls ftetslsd o dzd dzj 2 dzr - Ol O¢ .

Odzé j BteOd yj MS 5 cIB dzth Bz drdolsdgilssAs M 3z OGP &R § sl d
Odz¢ jBtcOduyj MSdn OlO¢ . 1 jtod tsH, Csdzd yj Misoe ts
dzj f sHo dx dg' R stsyy ¢ WadeBlsfr]W fsCOL O] dzj a3

Ctedf ss0dzOdzd L ©O. 1 dJ CIsdo dztslse dzts €@ . deodUstinf-siziz HZO s 5 E
sflsd BQHLdZOYJ dzd v HO[WWJU;J dzyd Odz! dets? BSHdzaStoSH dats |
L dz2Oyd ded w  dzj dzd dzj 2 dztsfylsd  H tsdzy dz B Is dzd &34 dz
sflsd B3Odz! dgr § L dzOyJ dzd W H 5 dzy dg’ B Is! dzd a3 dzj
BOC Md BOdz! dzsets Odze j Bls@d g PMHBOS to dfaizizdiayjs § L dzOy
o dzts 3, Yls s Mtsslse jlsMisoalzjls 441 ztc©Oo dzj dzd
OsdMmisdyj M¢ sz Ctedf ss0dz20dzd L Iz CtcO2 dzj 9 C
CMdeso Odzdz' ° d fesksdosftsdsyd & WdCmdiss Odzd

==
om0

JjLEd sOIsr  tBMEZYHJj ddWw.

d dzi tOydw tstfasdfsEbeEs.tetcr  Sftetsj CIsdtoes SO dzf § ts 65 4
dMsedzv j Ismw tOL dzd ydzr d3d B ssH OB . 17 HJ dzwe
Hisfdzlz yO2 dz" 2 d LotedMmisdyd MSd2. ¢ dzc j B to
Sdz' Lso Odgd j &5 BOlj B3O Ui MSdn Cdmsekzs yd?.
02 detsdgB s ig®© | )  shdzd HEe dzE[Cds 0o, ' BisReds@FH O M
OClkjtedMmMisdeOBd. 1 1 otedimdyjmMeédr djlssHOR ¢
¢ ddzd ugiSBdRsC kOB s tslsdztsh j dzd ¢ ¢ L OH Qo C
Csd Sk fodzyj G sUsasp R OHEB®SS ] ftotss jtes O
2 fmlse, Bsy jls BT Is! stczHtsj BECddBZ ftesyj Mhtsd,
stczd3j dzls On, tsdi3sc O O, 9 IsE " Bz i3t EHE St
yd mm.

J HOdzdzts?2 tcOB SIS Hdzwv ¢ j dz] 8O s odetsd iy s dig
56 tc O dzdzdz’ 2 d dzfls oz d3j dzls H dzW OdzOdzd LB dztH S sy
f dMOdzdzr 2 PyhOB WL 5§ gdMOdedz 2 o tcOBBEBJ HFMBPa dz
dz' L 59 Olsj dzs oL di3tsy detsfls: 9" §f Sdzdzj dzd W OBOdzd L
sCtse. | Of ted d3j tc,SB tzts & O dz@rizaf dz8ES ¥ r@af)y c©) tcd d3j to
dzls j L SdzmasCise smbkh jhmlsodwy jkivw d0 shdssj ¢d
I LtsoOlsjdzjds L dzOyjded?2 Ctedlsjtedjo tsfflsdBOdz dats
| dzj OB s B Glsdz’ & BSBOASEde dff A s v BB j dadzt
j ssH O ¢ jRipflabiOmHEB @28 &€ 59 [12]. vdzj HEZW 1 Ists
SLHOo Ol'-B o ' StedflssctcOW dudi MSdd&zd Mo Mmise
toj o s sHBvdwECRY, SIMftcd Lkzjdkd j © AES. uvOCyj
dZhistez d3j dzls © sy dets tsMkh j Mise dzwdgd wdlSdz®DYHy |
s
tc

(&) S A —t

Iz
d

o =i

=

=SS
s

SO =S
FEgerd ogk
TSI/ N

——@dOoOQFOS

Bgsh & Csd3B d dzd tets 9 O dzdzts ¢ BdzediBlstdsHdOY 4 M€ @ B " d3 jdistis +
OHdj dlsdztsets MfEMSO [ 6] .

Qoo Qe we g
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stsdsBddzd tetso Odadz” 2 d3j stsH [ 18] :
1) 1 j dGec@sy® sBGBh jdzder O3 Ockd j BOdU MEdds 5j lstsr
2) wdEzy022dy 2 GNP GBYShiEsO®] § WstdkdeSse Odedj
&C 0. INDPEO®BPSts Y dfjkz LSOO L dzOyj dzd 2 Ctedls tod
Sdz' Lo Olsjdj ds. 1 Of tod d3j ton d Wy £ 5 hdzdafi @ Zstz@ v dZ20® 5 dts d-
] BtdzJ, Ud BT dgj dagf fizj 2 uasdizls1 00, TE@zke dH PP Ui MY &
Odze j BteOd UJ MEGQR M qf dgPdzdate® y sdzed (3, 441), il
JChmdese Odedz =) Ibsyjs J flsdo s cdsy d & dajf SHo
)l dgse ! f modAE] ddE Pz 5o Olsj dz! dzs ftetse j oW j Isfw
dn
q

~~NQEm
&

s= -

3
o udmdzdlsj dz' dets2  f-dzgp dts figfls . € to[dffipdpdec I § P& &2 J fpfy ff 5 dz
jtejasHdl € hock 2.
4) 109 jteh jdzif§B dzts § L il sedDdgj Iso stcwW s h 2 L OH Odgdz" &3
] tejLEzd sOIsj i tod d3j daj daed W orh jzC oL Odzdzse s 1 to
f sz yj dets Bdztsy J fifBadis C 5@ L, dzcpydds 83 ydmdzy d 5B dzZOH O
sflsddgodd Mmeots2 Mmise OB .
ltod d3jSeB disS, ftojHMISOo dzj dedz 2 Madzj Hize h j2 jtej MiIsC
sBtsBh jdzdetsd s Odze j B tc Od Y jRiipdabtctisH ipRs s Ots g j flz]l 2Pyd d 9 8
238, 222, 79, 214, 246, 163, 12, 128, 230, 212, 127, 235, 213, 110, 83,769,90, 95, 154,
226, 15, 181, 43, 69, 245, 57, 37, 78, 3, 237, 191, 201, 100, 108, 252, 239, 51, 44, 165, 167, 143,
142, 27, 140, 168, 32, 227, 196, 195, 24, 105, 160, 89, 224, 72, 1, 71, 215, 228, 77, 174, 144,
193, 52, 88, 216, 118, 90, 5, 74, 2207 1R05, 148, 199, 244, 33, 202, 139, 0, 183, 4, 63, 141,
218, 86, 211, 125, 156, 82, 50, 26, 243, 11, 247, 85, 223, 194, 178, 204, 161, 162, 159, 64, 254,
10, 60, 249, 21, 138, 197, 2, 241, 73, 185, 28, 175, 61, 109, 91, 132, 8, 255, 207, 75, 179, 48,
200,55, 250, 233, 34, 232, 35, 229, 126, 188, 38, 186, 152, 206, 6, 129, 242, 59, 68, 84, 9, 17,
98, 119, 29, 40, 123, 122, 208, 219, 7, 76, 92, 80, 146, 96, 36, 58, 67, 203, 53, 70, 137, 169, 39,
158, 231, 19, 236, 182, 177, 171, 114, 149, 54, 106, 47,66794, 117, 16, 93, 30, 164, 116,
56, 101, 45, 99, 23, 187, 46, 248, 210, 189, 209, 81, 14, 124, 173, 102, 18, 192, 111, 112, 134,
172, 234, 157, 97, 131, 184, 121, 135, 31, 25, 136, 150, 155, 113, 41, 217, 120, 225, 151, 115,
170, 20, 251, 49, 133, 14376, 253, 103, 66, 22, 130, 153, 180, 240, 13, 42, 221, 104
1 sdzlz yj 8alazt®C B dZOHOjIs dzgjsBratsHdd di3d SCtodflstsetcOW dy
UJ BSdsC QAES L HdW W jte] dayd Odz dz@4 , to @imj cbbrs{o,j 1R Asshijds!
Odzé j BteOd U fi¥V OV Oftide jfffhJel@d f djdglzdzd 13j9ly , tslsMmizlsmise dj dz
(WdSMmMdiecseo Odzde 7)) btsyj¢ d feslsdotsf sdsyd' » dzaj f sHoO
4 fodi3sh i v BEBN jdzdzgsets Odze jBtOdUj MEsets d&3j IstsH
Bdztsy § Mdsh OB Blsdz' = BSG fAsCEGade Ytod  ssd3 szl shisddd s
oL By dz" &3 L dzgOYyjdedWv &3 oantsHdz = f OOz steso . ¢ d d3j
MfdmCO 30 dzjftedo SHesB nflsddfgctimiydzj alAgp Bede®lsd d3™ |
f stewHCO) OW W d dzdzts G ts ftcoj sBtcOL s Odad W , oMy fMH o
ftoj sBtcOL t§o @dgdeyj,MniseOfigats o Cdgld fiLdzj aidg iffistfdzr 8 f jtoj MisOdzso ts
sz yj dzdz’ 7 S G8 23S 5§ gBL sdEB &ZOH O h | )6 AAgE DO A ,
dqLWAES. [Hddz BB zEOBgdr ftcdo jHjdz 8 MdzjHE® M jd&g ffted d3j te
nOEOCkjtedMsdSPHY LTOC o Itedd
lteddjte 2. 1, O, 138, 247, 204, 85, 124, 208
179, 173, 76, 152, 44, 97, 94, 89, 62, 250, 203, 254, 65, 239, 181, 61, 111, 93, 240, 82, 74, 169,
200, 192, 13, 153, 18, 49, 67, 165, 197, 43, 66, 149, 1@7584 103, 69, 245, 50, 33, 110, 118,
188, 88, 24, 26, 255, 54, 102, 42, 48, 242, 104, 166, 99, 172, 20, 83, 34, 232, 8, 234, 91, 2, 205,
75, 35, 134, 190, 25, 63, 37, 241, 80, 235, 96, 22, 23, 95, 174, 212, 72, 167, 55, 68, 243, 70, 144,
222,52, 148, 3260, 120, 182, 150, 130, 17, 178, 189, 59, 183, 113, 209, 7, 160, 253, 128, 133,
132, 127, 126, 129, 151, 116, 191, 87, 156, 159, 146, 216, 246, 5, 184, 163, 223, 109, 53, 106,
217,141, 131, 117, 45, 19, 158, 137, 248, 219, 136, 157, 252, 123, 47429681, 98, 73, 39,
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201, 21, 77, 207, 230, 213, 101, 11, 225, 30, 238, 16, 114, 121, 112, 162, 143, 119, 58, 186, 18
135, 86, 12, 41, 46, 164, 221, 211, 227, 14, 168, 38, 84, 3, 28, 251, 171, 231, 125, 6, 175, 10t
194, 220, 229, 237, 147, 140, 195, 2184, 249, 145, 108, 176, 10, 215, 236, 199, 15, 206, 170,
9, 79, 214, 228, 90, 81, 31, 180, 92, 36, 57, 51, 105, 71, 4, 139, 218, 155, 122, 161, 202, 29, 6.
27.

1 OC dz8 ud ded J .

sedf oS s dj SOCY] dLejfmlsdy j $O¢ Bd
ZdzH Odzj dals Ozt dzr s S tsdi3f tsdzj dzels Oz CtedflstsctcOW d 1
dzs y s d3, sftse j dedets oSB Eztz& gdzrod tsh i ¥ tc @ .dzd dzj 2 dz' J
AntSHdzr JJj ,HOHAA yh OV Mot2Mlsoa® BjL Y OMBasdits@ © Odz
Od3j dzd Is ¢ COYHBS] o©nBHS LdzOyjdedj Mmtstslse jIlsml
tcj HBYtojHjdzj dedes? OB dzZdy' LOBjder . OBy dzO, ¢
rihd 2 Mmisd fJ dedfy day iyl P jdas Ry, 63 L OL dzd
Eiss2 ydosfls! € ©OLddyd &8 CtedflssctO
Odc st s B0, JHYdEEdd Lz QEdhdls ©ls fij
B dzsCSmozts € f yOMsts 1 i th O Oz ted sk b
ddzj 2z 2 StdflssOdO&dL, vylktss' Gyjddls
ZOH j BB BsC s WwWodzWw jlsmw Mmdzsy degs?2 L OHOYJj 2, Yo

ol

O - O N ==

syjdSd. tOLddydy jJ d&ilstH ' tedsty & sle SEhiBEaRwL. s ol Ay
ftots CIsdtetso Odzd 8B detySLEf OFleaiz€Emw sw ¢ OCIsd o dzr o3
sB dzZOMisd SCtodflssctcOW dd, d ftotsHtsdzy Osls f tsW o dzw
ftsor h jdzdw n d2OH jydesisd d EMmlss?2ydoe edpdzp &
dmy sdz! L 59 Odatf §j B3dzddzQjiznfdE) tc j B GiLj dad W cAJdzlste -dzOz
sj rdzdyd MSdr dMimdzj Hso Odzd?2 Nati onal Securityé

1l ZOGsH OWgd@sfiddsdfo o §f sdzdzj d&z0  ted W d dzOdzmtse 52
APQ09258274.
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ANALYSIS AND EXAMPLES OF OPTIMUM CRYPTOGRAPHIC S -BOX

Abstract. This work is devoted to the analysis and synthesis of cryptograghoses In
this paper, we consider the definition cb8xes and their optimality, as well as some methods
for their generation. Various examples eb&xes are given. For the analysis and synthesis of S
boxes, a new software tool for the analysis and syntloésisyptographic $hoxes, written in
Python3, was chosen. The capabilities of the tool cover various functions such as the analysis ¢
existing cryptographic -$oxes and the synthesis of new optimduitScryptographic $oxes. In
this paper, this tool isised to generate new optimalb8xes. An analysis of already known
cryptographic Shoxes is also performed. Generation of neloRes is carried out on the basis
of flexible and usedefined values of optimality criteria. As a result, it is possible tainlmhany
different Sboxes, including those with the necessary optimal properties.

Keywords. Information security, cryptography, cryptographic algorithms, cryptographic
S-boxes, substitution tables.
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NEW REALITY STRATEGY PROPOSAL: ZERO -TRUST METHODOLOGY

Abstract. Remote access was always one of the big compromises, in the one hand we
provide access for employees to private infrastructur¢gh@nCOVID world we have only one
way to deal with new reality), but on other hand, we drill a big hole for our private infrastructure
and hackers and threat actors receive a possibility to attack our internal perimeter. The purpose of
the article investiges strategies to mitigate those risks and provide solutions for securely
working in a new reality. The article focuses on checking, continuous vulnerability assessment,
and how to move from user authentication to a hybrid modetr and system authertion.

Keywords. Security controls, zertrust, information security, strategy.

Introduction.

Nowadays, we are faced with situations where companies moved employees to home
offices[1] and don't know how their devices receive updates and the lateguratiin because
they are placed out of the office perimeter. For example the best example from before COVID
life, is Active Directory- companies enforce configuration and policies to user devices via a
secured corporate network and know the result afetipelicies after enforcing. But after moving
employees to the home office companies lost trusted channels to communicate with those
devices and visibility of the IT department what happening in the company perimeter, because
this perimeter was increasea émployees' home network and to the whole Internet. Based on
these statements we can make an assumption that the risks of compromising the IT infrastructure
of companies are increased and possibility to mitigate those risks ded&iéed

The rapid devilepment of the IT sector leads to accelerated application and introduction
of digital innovations, and these innovations require highly qualified engineers who can
implement those innovations and build modern infrastructures and services.

As we all know inthe world high demand for highly skilled engineers, but Universities
can't provide enough qualified specialists. Based on this statement we can predict a fast growth
of consulting companies and contractors who supports this growth for market ndkers

The Cybercrimes landscape moved from standalone hackers to highly motivated teams
targeted to destruct companies' and governments' infrastructures, including critical infrastructure.
Those actors communicate and use different tactics and tools. Manefttinds is a legitimate
tool for daily automation and configuration duties. So that big part (in that case we can say that
all of today's available antivirus or endpoint detection and response tools) can't prevent those
attacks. We can propose user bebiawnalysis tools, but these tools generate tons of-false
positive alerts for every company bigger than a small business (in that case mentioned
companies operate more than teens employees). And from that point of view, we can conclude
this software is usess from a security perspectivegh

Based on all topics before we can conclude that only continuous compliance checking
can provide some part of visibility for company assets and give the possibility to infiltrate
suspicious assets and devices froneasdo the company resour§éps

In case olefashioned infrastructures are based on perimeter security techniques and VPN
remote access security department receives one more thrideral movement inside
infrastructure. For example threat actor takastio| of one of a company's assets, doesn't matter
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enduser laptop or some server, this actor has possibility to investigate the environment anc
attack the neighborhood infrastructure elements. This tactic is well known and described in the
MITRE attack natrix [8].

Materials and methods

This article described the reasons and purposes for building secured network
infrastructure. And some pieces of historic information about the grown complexity of network
architecture and modern applications.

Asastartpi nt , we take the document ¢Speci fi
Programe by Vint Cer f, Yo g &ms d&zanerat Idescribesntle C
specification of TCP and Internet, in this document we first time saw the name Internet. A big
part of this document describes communication between networks and transfer of data betwee
networks.

The most challenging task of descr-andi ng
moat e, this term means i f o0needdtoahantemeat @l of r o
this network is connected to the Internet. Many-falshioned networks operate with border
firewalls and divide the network into twmart- internal and external. That method looks well in
case when all company assets are plateoh internal network. But when we move some assets
into an external network, we lose visibility of which device is trusted and complies with our
standards. For example, a company asset was placed outside the internal network and w:
attacked by a hackenside the internal network company can receive some pieces of evidence
of this attack, but when the company asset is placed outside the company rR¢hea&mpany
has no possibility to investigate vectors of atted.[

For mitigating this situatiosompany needs to follow steps:

install security updates and patches as soon as possible

install endpoint firewall and hosiased intrusion detection/prevention system

enable drive encryption on all internal drives (in this case mentioned drives contain
sygem and user data)

apply hardening best practices (it depends on regulator requirements)

enforce to use strict authentication and password policy.

All of these steps look reasonable and simple achievable, but not enough one time tc
make this configurationWork from home forced users to use BYOD, and request privileged
access to they assets because they need to install some software and make some configuratic
without visiting the office IT team. High permissions bring the possibility to make
misconfiguraion to the operation system, including security controls (security misconfiguration
is one of the worst security breaches). To avoid this breach company needs to implemen
continuous compliance checks and as part of this compliance check nice to haueitpa sec
posture check.

In case when a company makes continuous compliance/posture checks company ca
avoid a big part of misconfiguration and security breaches. This part of the article described the
userside of continuous compliance/posture check. But todng on user side provides the
company only visibility without instruments to avoid and respond to those risks. To respond and
provide a possibility to respond to this risk company need to impose company policies-for end
user. One of the best ways to ioge policies is to restrict access to company internal/private
resources from devices that don't comply with the company security policies. For that company
can implement a secure edge. Secure edge terminates connections frosereddvices and
verifiesthose devices and their configurations to comply with corporate security policies. In case
when endused device complies with corporate security policiescure edge proxying this
request to a corporate resource. In another case, when the device aweplytwith corporate
policies- secure edge shows a notification with clarification and steps on how to fix this issue.
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These two steps help companies to mitigate risks related tasemdlevices and protect
company resources from communicating with ustied devices.

Despite eneuser compliance checking these steps don't mitigate lateral movement tactics
and don't protect company server infrastructure from attacks between servers. To protect servers
from attack companies need to create restriction rokedirewalls and restrict all incoming
connections to servers.

This sounds like a plan, but what about access to services on this server?

We can initiate connections from the server, instead of waiting for an incoming
connection, but we need to know whatpoint wants to receive this connection.

We create descriptions of secure access tunnels initiated from internal servers and secure
edge services provided to enders.

In this step, we need to create an equation between edge and access rules amntesreate r
to bypass traffic.

From a security perspective, it looks like trustadted access. From the threat actors'
side, it looks like an outbound connection to an outbound connection, in simple words
connection from neverland to neverland.

If no listen sevice and no inbound traffic nothing to attack. And definitely, all traffic is
encrypted and protected from repudiation attacks, but this is a different story.

In this part, we discussed ways to mitigate-aedr and server attacks.

Results and discussion

As a result of the previous step we achie
paragraph, we move forward with come technical pieces of realization of this paradigm.

Figure 1 shows a generic architecture diagram of a typical application. This applicat
works without any additional compliance or security controls, and have not adequate protection
from threat actors.

send request >\‘

Q| e ¢
v

_A€E——receive rap'Y—:]

J end-user device :

l Some Web Application

End-User

Figure 10 Architecture diagram of a web application

As we can see, all requests are sent directly between thgsendevice and éhserver.

In that scheme, actors can scan web applications, and try to attack servers and web applications.
The typical situation for most companies and servers. In that case, the best way is to harden
server configuration and train users for digital hygie

The typical workflow for that case is for an ensler device to initiate a request to the
server, and the server provides a response to this request.

In some cases, these request is encrypted in some cases not. But we keep in mind how
easy might be tonplement a main-the-middle attack11-15] Figure 2.

Let's try to improve the situation and try to protect web applications and servers from
some possible attacks. First of all, we need to move the web application under the secure edge,
this is a weHknown solution and many companies provide similar services. For many small
businesses and not a critical infrastructure this is more than enough.

I f we f all back on my experience, it usual
{some company name}as@DS pr ot ecti on and they protect wus

Later in this article, we provide evidence, that is not enough protection FCD&D
reality. But let's move forward and take a look at the next solution flow.
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Figure 3 shows the scheme with terminatimgffic to Secure Cloud and after that
proxying this traffic to the application. Compared with previous communication flow this
solution looks like a silver bullet. With this flow, companies have a possibility to implement
DDoS protection, by terminating spicious traffic in the cloud, easy implement the Web
Application Firewall, and protecting web applications from attacks at the web application level.

'i DDo§
MIIM Threat Actor
requ >
eceive reply
end-user device
A Some Web Application

WebApp

End-User Attacks
7

Figure 20 Architecture diagram of a web application with attack flow

Looks awesome, but the mosigular way to bypass this solutiersearch the IPs of the
web application servers and communicate with server directly.

For sure administrators can whitelist IPs of Secure Cloud on the web server firewall, but
in any case, this is not protection from naisfiguration, and this solution doesn't protect from

an attack on other services on this server, for example, ssh.

send request— ——proxying request

“—receive repl send repn—:]il
end-user device  FEEIIT o)

Some Web Application

End-User

Figure 30 Architecture diagram of a web application under Secure Edge

Figure 4 shows possible vectors of attack and weak points ofrmpel@ architecture.
That is better than nothing, but all of the mitigation steps can be bypassed and the attack ca
continue after some preparation steps from the attacker's side.

Figure 40 Architecture diagram of a web application under Secure Ritheattack flow
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Possible to implement additional hardening procedures and those procedures help to
improve the situation, and for some cases, these steps are enough, in the case when we talk not
about critical infrastructure. Also, in that case neectoember about the clieside device and
harden it too. But usually, most companies are faced with two different situations. First case
when eneuser hasn't local admin privileges and we for that case increasing complexity of ways
to remote support of thisser and possibility to se#fervice. And the second ender has enough
privileges, but in that case, a user changes the configuration of the device and changes
configuration to a less stromgyvel.

Figure5 demonstrates the scheme when a server hasew cbnnection to the internet,
and all traffic is tunneled to the secure cloud. In that scheme, an attacker has no way to make an
external attack on the server or application, because this server has no open ports and doesn't
allow any incoming conneatn. This case looks like a VPN tunnel but has one principal
difference- we decrease the blast radius for the potential attack to only one server. Furthermore,
all risks related to endser are still the same as in the first case.

Figure 50 Architectue diagram of a web application Secure Access Secure Edge

Figure 6- attack surface for secure edge method. As we can see on the scheme attacker
has no possibility to attack the server and stay with a secure- eahgieshould compromise as
the first stepsecure edge, and after that move forward with a server under a secure edge.

Nevertheless, vectors with MitM and attack ersgr traffic stayed without changes.

And via unprotected endser device attackers can try to bypass the secure edge bastion
and moveorward to the server. To mitigate this risk we will try to improve this scheme and look
into this problem and possible ways to solve it.

Figure 7 looks like a scheme in Figure 5, but with one small change added posture check
agent, this agent continuoysthecks compliance of the ender device and reports this state to
the secure access cloud. When fisdr tries to access the application his request goes to the
secure cloud and in the cloud validates to compliance state and comply the security
requirenents. As security requirements might be mentioned for example endpoint detection and
response agent, hard drive encryption, latest security update, and fixes for the operating system
and all installed software enabled and configured local firewall, etc.

Figure 60 Architecture diagram of a web application Secure Access Secure Edge with attack
flow
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All those requirements and controls can mitigate a big part of known attack tactics and
make it harder for attacks and persist on thewe®t devices. As aogd point for improvement
can recommend changing file associations on thepeitt device and minimum quantity of
installed software, to minimize the attack surface of the-pamidt device. With less attack
surface we provide a minimal possibility to sessfully attack we provide to threat actfi8].

Some Web Application

Figure 70 Architecture diagram of a web application with Secure Access Secure Edge and
Posture check

As a result Figure 8, can see all possible attacks will be terminated to secure the cloud
and serer and endiser devices are under the protection and outside of the attackers' scope.

AN
-
/ W\

o [W \

/ 2 e e
orn [V —
- &)

8

Figure 80 Architecture diagram of a web application with Secure Access Secure Edge and
Posture check with attack flow

There was described a few methods to mitigatesible attacks to servside and client
side infrastructure, applicability of those methods depends from criticality and type of the
service.

In current article we reviewed only wddased applications and basic types of attack to
this type of applicatin. But with simple approximation steps we can provide solutions for all of
possible types application and attack.

This model already used in many companies and shows his efficiency [16]

Based on these theoretical statements and practical applicabilifyoasibility we can
propose this solution as a good step to minimize and avoid many of possible attacks and improv
security of infrastructure.

As described above principle ¢trust, but
can use this principlen modern world as our predecers use this principle in they reality, and our
descendants will live with this principle in his reality or our future.

Based in all provided above, we can mark the line this principle stayed actual and must
have to implemendn all critical infrastructure around the world.

Conclusion.
This article describes a new strategy model developed to provide secured access an
minimize blast radius. As described above security incident shouldn't affect infrastructure and
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defenders neednake harder any lateral movement or attackers. New reality provide us
opportunity to work from home, to make our work life reality more flexible and more faster than
was before, but new challenges and threats make some change of our daily routinetand habi
Thats not insane that's just our new reality and we need to evolute in this new reality, like first
peoples in the stone age we need improve our habits, include new methods and continuously
move forward to the new challenges to the new achievements.
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splzj CjdzH j toH " OLO2k MistcOlsjedw d&zOte” dz L jtolslsjkz
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Yterfdrriv Ry sutoup L RR VLA B trof 21 faur: |
rofrd el rddrtre

¢ dzdzts s OyH{@ dzj dzdz' 2 HEBsMiskzy oMjcHO BT dz tsH dgd o3
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BOD'" IslsOtcH"™ W -DBOtde 'h oy QL jdigds MOdzOM" dzH OO ' nOdzr Y Ot
NHAdzj Mls' e YO Jlls' dz' ¢ Btsdzr f IsOB'" d&zOH T . [ Oy OdzOH
OYf OtcOIs" dz" w nadz¢jdz SCEdZJ 3B dz2 EVWHIE dpMmJ dzj dzd .6’ dz
[ OQdzOHO Mdy OllsO®zODOdz 3 dzH jIslsjte L jtlslsjlkz sy HE
dted €hj toj Isls' dz'6] tells Isg zaey ‘dag j HS Of M tc BOZOtGH T Y B HOI
Y s dzH OdzB O dz' hjgh' dgn "’ DL "tedzj 6] HJ22' da D"y OlslsOteH
Qo Istsdi3OIsIs O dgH "tetOsH @tz 'l dzlsils T y MisOdzH Otclsls Ok s Oter da
Nadzi Mls* ez nh " dz ftesyj Milsj toH " Qo lstsBOIISOdzH " tclz O d&zC

tcjls ytsdzH Odzr dzOIlsr dz BsdZOHT . wuvbDY tdBj hjwBjte' dzHJ Y
tcJ i sLdIststed ? dzj to° dzjls pfip'j diddn dzd VYI' ®POxZQdzG * L ° dzH . v DM
MOf Odzr Hjtej ClsjtoH Odzz bpH' Misj e’ da , ddzls § dzdzy S Iskz C
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DL ' @Wdj ez " dlslsr y MmMIsOdzH OtclslsOte Yy sdzH Odz" dzO BO, Jjteg ¢
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"y Mo §is DH' My’ f O2 HOZzOdzE" ¥ dzOte nh*dz MmO
YISdZH dz" d&zOH T . OO hr d&zOte IstsBr dzr W Y jlsj¢h ' dzj te
Els' dzg' dsH j toH ' MOLOY hr dzf w Isn2' dgH' MELHJ " a3 d
BJQ‘dz‘ Bts2" dz" © Mp2C gty €'jdzjls' dgH j .o dz D OdzO

DUy OIS zOMMdW ds Oydw dzOter dzr w mMsw' dzH O mils O
CzommdW¥W dS Oydwdzr y IstsBr 1h'dz Isn2" dH' MELHJBGH'

r"d3r MmO o3f dzOdzOte " Mr dz" dzDOdze: MIsOdzH Otelsls OtcH *
MOdzOIsls Ok dsHizdz' , 5] L®dedzldEstOdedzd  o'dejz IsifsEHZQY |
WstedsOdzdL Oydw pbpH® Misjte’ dz, BOY MOl vy WEkdzC ydqw dzr
Y")Ollsryw dqdzHdSCOldeals' € MdfOllsOBOM" dz Odz Y Is Ok
O2BO0" dz" W Isjtstedw dz' Y Y"tGOISBBGZﬁ’] gH&E] cWidh g d © 4@
mMdyf Olsls OROMT CeteMmjls' dzj H" . ¢ dz" dzDOdz dzD ISy § dzj
dzj ¢ ' L " deHj ®tMr ®poMmjdzjdze hjhEkH] Y"LMtjlsls®™ MOk

Izt jBPBIN-MT LBO fHtwsydm' d2 W HJOG tcCfd3edOus M IsCEtd
BsH jjd72 HAzOY Is T Mdf OlslsOd30 3 dz Isj mnded C Odz" vy W Iz dz
Cddzzegy BIBE dzh' € Bjtej H'
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lcztc jBPMN-r LBO ftesyj M’

1DIsdyj dzjte d3j dz SOdzy r dzOlz d&zOte 7

cteB 'Lig tolsls j Iz hjwsjte' dzH J YY" Ollsr sOdzH Oz Y "y
BOL d3" dz' dzO, Lijtelsls) DB OBOWwOPIsL j Bz 2h ' dz2' W Isbpy '
yodzfj hroOteddOhr dz v dadzlszdydwmr dzO B 02 dzOdz" fMlsr HJ tcB
sOB"™ &zOH'" . B ® jdtzj d8 " l®DIZj dzf' L Odzr dzDOdz Hjtej SIsjteH " W
Odzr Y sOdzlh©O, B"d& OYfOwOicPYiK daz'dd I8 dfgj de'jdgr . > D dzd

ANO2 dZH" W ftleBEetcORBOZ ¥-MktwHfs)dz ptej & jIslsj Miz® (2
AO2d& NnNdze' ¢ IsOtOIsrT d&zOHT
cte’ YOtO2 1 d&ze " dzjteHJdz Odzr dzgDOdz S BH Y O) J IS’
PYHJEZHjJd CJ2 " dz2 Bde" MjteojteHjdz Jdalsg W fr]lsJ

WN B
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4 5@ GOST
5 C= ANIGOST.cs
8 C# CreatedGOST.cs
8 C# CreatedGOSTComments.cs
4 C# RukovoditelKeyWords.cs
4 C# RukovoditelWantWork.cs
8 C# SimilarFile.cs
8 C# TranslateFile.cs
4 5 B8 Users
P & C#® Documents.cs

P ac= User.cs

2zt jifpdz Bj EIOjnNt dBs @ S j flsj dzj te

[BHjd HjtjCIlsjtc Ytster dzH OOk € jildls i dzj tcH* Mmd 4

- Allgost pS" @' d@id Els" dz2 h BJtlkh' YNnClsjc

- CreatedGost MlsOdzH OtelslsOteHT Y "tckzDO OtcdzOdzD Odz
BOtdzr Y pDtoj € j s tsticr dizgH@®dzOHrj;L * dzH j

- 4lsOdzH OtlsiIs T Y"tokz CdL‘dzH g d3d dzd H Y 4 t6C
OkzH OO r d&zZOtGH " W, DG dgh ' dzj to 3 dz E I€ondrerits B
T OB Ok EZOBOXZOE ;

- Rukovoditel KeyWords BOMhr DO OttdzOdzDOdz ¢
Bjtkh' ' cj "Mmrdlz; nh'" dz SOWUH OdzOH

- Rukovoditel Want Work Cundzs'LeBjdz € »ytshmff Ote
sOf Mr eds® BjtejH' YbDdagj "B MYO Els’ dz' d3 YOdzH " tcC
- SimilarFile "ymoOm Isjted3ddzH jteH" W Jw CEf§ f
- Transl ateFile Clundals" LB dz' € ytsmyf OtcD O 4
stcdzH Ozh r dzOte Y " 3 Misr OWYIsODOdzdzOdz € j2 "' dz B J to' d
- D"y OlslsOtcHO® HJY dzsd3H Ot MmMjtelsdWds OlslsOte Y

f O2HOEZOdzz M T ;

-1 02HOdZOdEZh T dZOteH™ W f O2HOZOdzEZN T Is° L " o3 .
CteB 'Lig telsils j Iz hjwBjte' dzH J Y"YOBIlsr SOdzH Oz
BOL 3" dzr dzO, OY Bl k] 82 WOwIsIsOter dzO, Ljtelslsjzh"
yodzfj hroOteddOh ™ dzn v dadzlszdydwmr dzO B 02 dzOdz" fMlsr
sOB"™ &zZOH'" . B ® jdtzi d8 " ®DIZj dzf' L Odzr dzDOdz Hjtoj Clsjt
Odzr Y sOdzlh©O, B"d& OYfOGOIg DYzilsS"®OYIsT™ MEddz dz B

1 O2HO&ZOdzz h * OklsjdzlsdWdsoOoydw fyr BOts dzj ¢ ' L
f O2HOZOdZE " ' ZOtcD O Y B O toj MzteMmlsOtr dz f ©2 H O dzO dzk

v el bkijtjLHyB'd stsdrseg d@lsT § Otesdz! ) 5B Odz
Cj2"  dzgeg ' NNs'jdemy ,okOlslsOte Mdwylsr  O2HOZOdZEN T HJ
1 O2 HOzOdzz M T WO2d&zHOter dz (MdtlsdW dS Olsls Ote, Hdf d
Yysfmk Ybodzg BEOtHT Yt WEdSydwhnr HO Ytdz qJiIs®
' Bdtelkze] »>ipddziC jIs? 'tak jHzGiMOEZDO B SdZOH ' .

v el jdz S jL "t dgH] qNn2jdz v fO2HOEZOdE"T I3r  E L
OY B"dz jtejLjH] HO2HORZOAdENrd w Cnu2', IsjSMmjt

1 O2 HOZzZOdzEh ¥ dzOtGH ™ W stels Odzj dz a3t mr DC' 0
n3r iBH Ofmisr fer @ s’ t6Cjdzcjdz § O2 HOZOdzZh ¥ dzOte ISz te(
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Is Iz tc © dz' Bodz' Bilslsjte Isu2di M’ BOtG. r sOOtDT BpL " to
1 O2 HO&OdzEh T Is' L' d3 , dwlsOdzH OtlslIsOte Is'" L " 3", wlsOdzH O
ssdzr YIsT tokz WikztdaC ydv@? H O@@dziz " 1 dz' cOMmMisOk OYff OtcOIs
sjCMmjte" dzdgj e jdz ¥ 112] JO2HOEZOdgEZh " d&zOter Yy L " dz sy j

vjSMmMjte’ dzdzj ¢ jdz §f O2HOZzZOdzzh ¥ d&zOteHT W  QOlsls Ot Yro!
CjL " degH] DEC" ' NtSBOHOD' fO2HORZOdzZN ' dertetlsE tdE dz' dz ©
B Ots: Els' dg' h BJtokh ' | NdIsg &h ster dzH Ozh 1 | ol
f O2HOdzOdzz " " dz" Wy Eldadsdz w BGlsT° Ce¢ s m¢ j ELGjtej H'
SODO2" dzZHO2H" Y Ddzi Y O2HOLZOAEZN '™ dz Isj SMJtedH" .

[ jdziHyit oW dd dzH j Is* ¢ j dzc j dz S @XHi Gsdz@iplz 1, d
fO2HOZOdZE" T IEtcOdzr OY ff OtdNjlsclsy j 20dD Y IS 1d2Cdgj 18"Otalz j ¢ Y

MmOdz' Yy OteOdz' ¥ MlsOdzH Otclsls OtgH T N2dzj Mis-lsptty £3J dz" dzH |
LJdtH Jdzy Iz 3 D dzj H"t" s tedzj dzH " oIz YO)JIs. ri2g
N2djMmis' to' dZrjulz oSO drs delzH | OolstsdiZOIsIsT " LHjEH' Y Odls¢
dzOL Ot dz OkZHOWEZ X D dzj B stedEOdz'' Y N2 Jdzj teH ", azOo |
zOY Is" d&zOkz nNh*dz €' IsOf - OdzOdz ¥ Ow O Edzh j 5 B todz'
YOtcOfMmis™ tor d&zDOdz. E dzh j B IRQdigj cH Do Mis tcdz® E dzh j o

Nn2dyj Mmils Mds'CAHjOdBIsIsOtedzj dz 3 ISlite’ Odz' yIsOdzoOdz, B 't
( MOD) ) D dzj B OdzO d30 dz' JBIM MsOdzH OlslsOte ( NEQ) .
BOtodzr v Isihtdzjte' dzgf yYtsdzHOdZZDO HBIBE' dzvh* € BJtej H' .
Y Ddzgj HEWOWGRBOL d3" dzf dzO0 Y 2" dzOIlsr dz Yy Odzf ¥ IsOdzOf IsOtcH T
ZOL Otc OkzHOWE Cjtj¢. [BHEd MisOdHOKISISOGH" W Y "t
BOL d@3" dzr dzO@ Yy 2" dzOIsr dz ) Odzff * sOdzOf IsOtcDO X O0kzOY BJ
h OB dzsdz ) OMOk g @& j dsfty A3 J3leH. €& B

o Kowcrpnoop M wrn  Pacowsn P y Nogensracs

assast AAGGR AaBG - b e

3dztcjBolssdPlsk! dHj Iz

[ 7 MGede Is " ydaH2Yits dzH O deg) Iss™ figlls © ‘'dzH CptalsL IsGoyvtilds @diz OftalsdisjO 2
d3d Is tc ts dztg €lzff)s d Is Iz Ishttpdz//weww.ksm.kz/publidiscussion/standards/discussiai
draftof-strk N O2 Is TCHO ddzn " iz Mk ® B dzy ' ERHOGE OdzH OtdESBISOAEO te
BOB"tdZ f sL dIsfgls @ &zH B [OPP® diz {f Is O fozle 'd3i€ Z sidtd4dn 2 §.§ Is
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Npogunsiyerlando)  Crvcox Momdosatesei  Cnucox Cranaapros  Cniscox pazpaBoTkin CTanaapTon

Cnucok ctaHpapros

Hassanwe Nepeim x rocry
CT PK ISO IEC 20547-1 1 peadoc DARA 13 PYWEN AAUAHNCTPATOPOM
CT PK ISO IEC 20547-3 1 peadoc DAl JAPYXEN AINUHICTPATOPOM

CT PK IS0 IEC 20547-4 1 peadoc

MHHMCTPATOPOM
CT PK IS0 IEC 20547-2 1 peadox
CT PKISO IEC 19785-1 1 peadocx
CT P ISO 1EC 19875-3 1 peadocx

CTPX IS0 IEC TS 22237-7 1 peadocx
CT PKISO_IEC 29101 1 peadocx

CT PKISO IEC 218232 20 1 peadocx

CT PKISO_IEC_TR 24030-20 1 peadocx

CT PK ISO_JEC_TS_24029-1 1 peadocx

A tcjils ' td ClsjtH' IsOBLE

DYH jdeo Isd 3 j dzj te* B2 dz" © d3j dgj HY jtedzj toH " W !
BRIl i3S ° dzH " G BQtc.lsOQuizOdz ¢ Ftg L BYHze ' dbtcjK'jtis' dgOdnh '8
Odz" YIsO2Isr dz Isn 2" dzH' MELHJjt Otyr dz YOdz IO
QD" d3dH OO CeEhBOMh ™ &zOtqdijcedz L ISO dz' dffsH E@@zOHD L. ' te dzj dz
MOdzHT ¥ IsOdzH Ok H Odz, IS 2" dzH """ tPHLE R jJtEH L ¢ Y O™t lO
s dzOtoH ' BOMYO yY"YOllsOttdzj dz MOdzr Misr t©® ©iIsT ter {
IsjtedzdddzH j 6 B OL Odgr y"tO2H' ybDdzj YN2jHJ MOYIsOd
Bisdz §f lSOB' Ok’ dz BOMhr ZOLDO D OdzOB O IE @&ff) dafz © , )G
B2 dzh © MOtcOf hr dzOtcH' SOUHOZOBEz®GEdPAZOOdz s 2

Npogwasizanna)  Cosante Cranaapt  Crwcox pazpaborcm crangapros  Budirw

ISO

Myxawens Acsapas OMupxanonsa

YTeresona Anapa YpanTtacena

Euge HUXTO He OCTABMA JaRaKy

6cztojib 1l 2" dzgH' MEL OdzettdIlsd
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Dster ISt .dgH T
4lsOdzH Otclsls Ok MOLOMT dzH O Gdadssdse v dFF Y s dzH Odalz

Isj ted3d dzH | o HO dalz ' Hz0 2yst&xdz Isj tcdsd dzH J toH j G ° Y O2h r dzr y Is(
J &6 L dz6jdz MIsOdzH OtelslsOteH * YO2Is0dz0 Lz, "1 d3H Ote d
MisOdzH OtelslsOtcHT BOMh IsOBISOEZ, BOtt thdlstdtscdw dzOtcH Odz

" dz" depHdiz dz! H § toH sj mMis® dzj 2 € k' dizgpjs d wzp tz] wzH &34
Mp2GCiMmls' CIsjteH" W 93 % Odzr dzH" . 4D22GC jMmiIsjdzn 6" dz' §
CEfh' &' ¢ s €MmJte" dz' ¢, MOotcOf h ¥ ZODO L jtelslsjkzcJ
I mr zG2h O, B'toc tstlsOh O Edzh j d3dH’ Y"YOlsr EVYHJ k6]
ytsdzr d3gj dz B ' t6Gj Odz" dzDOdz tSdzElssdzse W dzOte JMmd s dz" ¢,
sls’ o ff DL todzd daf H " . ddzr dzoOdz CEtGGMIISE hiIsjteH' 4 M¢
Dtels Il tcdz' MOkzOdzOte d3j dz BdL dzj i BSHjdzr Hjte 1M " dz2 f O2
r shtf O®&z@IgO3dzy CJIsls™ € Y12 jdzjtecj OtcdzOdzDOEA™ dRT @z MIs O
ddzls j W j 2" dz2 DL " tedzjlz €' toj H'

tdLOhr dza vydz L jtelslsjkzH" DOLOYMISOdz ( J MfkBdzd € O
Bgdzd Mistedz' ¢ dz2' w 17" dzr &3 S sBdIlsj s’ (GOdels ~ ¢t 09058
MisOdzH O lsls @ dzHz] Sdzlssdzsedwadzr v ddgyJ dzgj edWw B2 dzh C
n2dj mls® tczn’ BOMY OtclzH ™ W ddzlsj dzdzj S IszOdzH T N2
Y Otey " dzOdgH ™ to" dzH ' .
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SYSTEM OF INTELLIGENT CONTROL OF PROCESSES OF DEVELOPMENT AND
HARMONIZATION OF STANDARDS IN THE FIELD OF MILITARY AND SPACE
ACTIVITIES ON THE BASIS OF ONTOLOGICAL ENGIN EERING

Abstract. Technological modernization of all industries is a major priority for developing
countries. The expansion of international relations directly depends on the readiness of states
implement international experience in a particular arelae Of these areas is the need to
harmonize international standards in the field of military and space activities. The article
proposes a new approach to solving the problems of processing large volumes of textua
information of regulatory documents. Theska described in the article imply a unique and
exclusive sequence of a chain of research proceddrem research, setting and formalization
of tasks to the development of an applied solution. For the first time, ontological engineering will
be used inthe field of process automation to harmonize standards in accordance with the
National Standardization Plan, which consists in partial automation of the methodological
examination of documents. As part of the experiment, an independent tool was implemented
without reference to existing repositories of regulatory documents. The approach is based ol
methods for extracting qualitative data from textual information, methods of intelligent control,
setting new scientific and scientific and technical problemslation to standardization, models
for monitoring and controlling processes.
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The rapid development of new technologies and algorithms in recent years has
contributed to the development of the necessary tools for automating many processes. First of
all, we are talking about creating a toolkit for developers and experts of standards, which will
optimize the workflow of managing national standards, taking into account the consistency of
the information set out in the current standards and regulatory docungstondly, it is
necessary to trace all the participants in the development and the main customers. And the most
significant work is the development of auxiliary tools for organizing the terminological unity of
national military standards in the statadgaage, as well as taking into account the uniformity of
measurements.

The purpose of this study is to develop an intelligent automated system for managing,
monitoring and controlling the processes of the operational cycle of developing a standard using
technological integrations of optimal methods for creating a single repository.

To achieve this goal, the following research tasks were implemented:

- development of a model using a systematic approach according to the methodology of
ontological engineeringp form an unambiguous formulation of the definitions of harmonized
and newly created standards, without losing communication between entities, with the possibility
of identifying contradictions or inconsistencies in terminological unity by priorities

- application of intelligent control methods in the processes of the operational cycle of
standard development when developing the concept of a single representation of the standard as
a document that meets the requirements of a formal attribute

The paper pesents: a standards classification model, an entity extraction module, a
categorization module, a thesaurus generation module, a monitoring and analysis module. The
calculations were carried out using formalization methods, setting an objective fusettorg a
measure of similarity, and determining an indicative description of a document. The paper
demonstrates the theoretical component of the application area, the design part and a description
of the system functionality. The results obtained weréedeby a group of expert experts
competent in solving this problem on the basis of standards and regulations in the field of the
aerospace industry.

Keywords. National standards, aerospace activities, standards harmonization, keyword
detection algorithmstandards categorization.

¢ dzOtc LisjrhD B @ R1 U b dzO b @BOIsT |, s OL O MmisC
an.utegenova@aues.kz

| dzt dzOL [ tegfcirpfgiqiED Rl WU ¢ Z@EAROIs T, s OLOrMisC
gulerm@mail.ru

$CrdzB ¢ 4 @PcImMER wov ¢ dZO%@EFOdzerIdpWte @9 ts
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I dlsOdzd 2 | @3Odsfdgiss(,R1 w ¢ v ¢ ZGAKOIs T, s OL OrMisC

naumenko.v5@mail.ru

grRev[ [ O RLUCSJrsvudf? v L4 vitoelfriRre U LA

tor1t o1 fuvsr R L OtSfJVRYITOARR U LT OtV L] 1 [J1] duvy
s{fefRrRyrdas s rrcorf?1vfeuvr wif [UeRIvIe sl {
R1MTRLTRIRL{O
O dzdzts s O g B desdztse d yj MS OV diBsH jtededL Oydw ofmjrn i
fedtstedlsjlstsds ©OLoado Oshdanmw flsteOda. t Omh dtej ded §
LOosdMmdls s ctlssodasmisd ctsmizun OteMmlses ¢ odzj Hicj dad s
B8 dzOMmis d . [Hdzd B L sO¢ dn dzO0f te @9 dzj dzd 2 W dzw j Isfr
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BN HEZdOSHA = MisOdH Otclstseo o B dZOMiIsd o 5 dadats 2
ftoj HdZOGCOjIsfqw desor 2 f§YosHattH € twjihjdeds L OHOY
ddeV¥ stedzOyd d detstcdg® ldapasde. = | OB O d , s d MOdadzr | :
Zdzed € Odz! dglz d dMCdzs ydlsj dz dgze  ff sfpdzj Hise Olsj dz' dzt
i sls dMmMmdzj Hise Oded v , fsMisOdesoa Cd d WistedsOdzdL O
ted "N j dedw. lfjtar j BlZH j Is f Xc d dgfjdegvdlsdzdiie’d dzds dzleots
Qo lstsdiBOIdL Oyd ftosyj MhMse HdzW cOtedisdzedL Oydd M
MsOdzH Otelsd L Oydd, L OC dzg yOs h 2 Mw ) yomls d ydzts
1My jtelsdLr HsCEdRj dlstses. 1 ©ORSOR 1 ¢ MY Jtgdas] dzls
BjL fHftedewLCd ¢ fmkhjimsokshdd tojftsL dlsstedw d3 dz
ZO d&3j IstsH OR L o dzj yd dedw COyd Mise j dedz" - H Odzdz" -
ddzls j dzdzj C sz Odz! detsets Ef tc@o dzj ded v, tfldsjfifsdeddatsjofi§Cid Rdz
ftod d3j ded IsCj dij @ dZH Otelsd L Oydd, dBtsH | dzd Bsded ststed dze
ltodets] wWOLodIsdj desor 7 Isjrdesdzsed?2 d Odzg st
cOL tcOBSISC § dzJ SsBrtSHd®BSEes ddzmistelzdzd dals Oted W H dz
fjtcoky yjtejH' ted Y’' kzddgjdiEs Ot d s H kZ® dzdiedO L dc @ Iists
fMlsOdzH Otclsts o , ColsstcOw fsLotsdzd Is sflsddidL dtcts:e
ZOyd sdzOdz' dz" &z MlsOdzH OtelsORd fp kZyjlstsds dzgj ftetslsd
Hj2fMlsoaks hdn MisOdHOtelsOR  datsdcls®us b, dzH ez s as!
ftcsmdzi ydo Ols! eoMmjnr EyOmlsdzd ¢ tseo t©OLOBBISd d
tcOB 55 O, 1Ists tcOL OB BISE O oM sdi3sc Olsj dz! dgtsc s
Isjtedid dzsdzse d yd MEBEts JHJdMIsoa O dz2OydsdzOdz! dzr = 9
wLr S, Qs @Wxdidzidse O d L d3d e dzd 2 .
A dz H Odzdzts G 15 dimimdzj Hiso Odzad W Wy dzw jIsfpw
Qo lstsBOIsdL dtetso Odadzats 2 fd Mis j d3 Ef cOo dzj dzd v , (054
sf jtcOydtsdedetsets yqde dzO t©OL tcOBSISSCd MIsOdzgH Otels ©
sflsd BOdstzH Bo BfsL HOddW jHddsets tjftsL dlsstedw .
[ dzw Htsfisd Y j dedw f sMmisOo dzj dedets?2 yJj dzd toj Odzd L t
-tOLteOBISCO dBsHjdzd 1 dMftd L s Odedj d&3 fdf
t

sdzZstsdzts e d yj MS s ts d dz) d dzd te d dzc O, H dzw Y tstedzd te
stjHjddd?2 cOtd@tsddLdqtekzj 3" « dd odtse! MmMtsL HOs O,
mMih dsmlsw d3d , f) otsL d3tsy detsfls s 9" wWeodzj dad W i t

sjtosd desdzse U MStsets jHddzMlse O 5 fedstedlsjsOd
‘Yo d3j dzj ded j BjlstsHBo ddzls dzdzj S sk @t 2Bt s tatz
YyqdC d&zO0 ©OL OBk d MsOdHOLkO fttd ©OLEOBEBISC |
COC HBCLkd&j dzsO, Moslke jlsfisoksh jects ktojBse Oded W d
| ©OBGl] ftjHmsOodjd : &sHjd C&Ommdyd!
Mkh detsfls j 2 Olsgssmledel OYdd, EsHkzd Ystedkdtess Odedw
d 0dOddL O. tOMmMudlr ftesetsHdddm! M §ted ki dzj ded J
WEdCydd, LOHOddjdB *jttr MAisHMmses O, sftjH]jdj d
OB IS f§tsH | RsEMskedijsihOa@0 fssflsOo dzvs h OW B dzC
yomls: d sfdnOdd) WkdSydsdodkd mdmlsj dr . 1 tdk
L C MY Hdisiswpd Odzd istse, St jlsjdzlsde” = o tjhjdedd +
steBOsdod 7 HEBC L BEksHad o B D his e Otk .

sdzs yjor j . \mzapdOZO dz' dz" j MlsOdzH Otcls T , 01 tetsC
COtedRBsdzdL Oydw MlsOdzH Otclstsa, OdzctstedlIlsdy or W o dzj ded W
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d. ¢. 1 jJ2MH] ddB.j.or ok 5M'Ideg0 @ o dzj. dzC 5 OB Olsh O o
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A OydtsdzOdz: dz' 2 OoadOydbdede 2 bkdzdoe jtefmdlsjls, s
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UISHachzts? &sf Ol < d, MsedtcOjls ¢ MdHdk
Ols j o Stetsls dgy? odzsf Ols !
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fsHo dy detsfisd, Colstster § s dmr o O Ismw
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sdzs yjor j [fpdesiedqzr 2 Ctdzejl2jte, ®BOcdzdjor 2 tOfmy
BOdd f E dzv yqd sdzdz’ 2 2B, fesccOBBdzOY kO Cltis
stcOj Sktstedd, SoOHEGOLdUAdOY ddzisjtef sdzv yqw.

e j Hjded]

vtso Otedzr 2 @ dBOcGdzed?2 fHtesdLotsHIlsMw dz@ dzdlsj2de" = ¢
Slsdkzdo 5UWOLT 60 &' 7 YkH&P&Edz 2] 1 SBzo j 2 j 6, ftej HnlsC
BjMCtda ydzk yifg+' 1, dzOlwdzzlsks dz0 ftedotshds? 2 (
dzjdzlsj LOStjfdzjdd dLdtsyddyr 5, o Sttt j L Odo
dzj ftej tor odetsds Hod ) Jjdedd (tedmikzdetse 1

{ Mk dt®S jIBO dzdlsj 2 descets Ctsdzo j2jt60O ftesdL o sHMIso

1 O0dzdlsr 2 o dJLdEzsydedylz BOcdedjor 2 twOMmf dzOe f jtoj -
l]’dztstssd34dzO f dL dzsy ded yd 2. [ Odzj J dL dztsy dzed yo 4
Ohjdzd j &3 e sCtez® OFfgdpws sk Odey dzd j &3 ) k2§ stesd3 6,
h

N & %

J
O ftsH MtseMmise jdader s o j Misds 9" f OHOjIs dL dL dztsy dz
sy M tOLddeo¢d ftsdmrtsHdls o sSlkCter ssd3 ot
so jtomndesflsde | Mdzsd BCdMmdzw 6 sfqpw M te® tc @ it alz® dePjj &g
so jton detsfls: L Odzdlstsets o dL dzsy dedykz BOcded j otséts tcO
dz2vIsdw sCMdHdts?2 fdjdid i ftsejterndshisd &EOcddjotae
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LHGtso ' W, ©OBBlON jegts kffdsodW s okkYdEOBLOYIS
1 sl sz OClkkzOd &0 fttedj O seBlsdL Oydd H Odzad
[ jdesO ddlsj2dzscets Ctsdzoj 20 dzj f tejftedavcssy v 4

SCMdHAds?2 dbi tgp &Sd d i3s o § s5dzdzw Is! ff Yo jton datsfl
LOzdIstse s o dgj fted tor o dats H gjdedNH] Jjofifevj dfj Ldedts yfdgdiayj’ o
dL dzsy dzd y ' , mMsMlsOoadzv jIs 5 [ ] . Clsts HtsMIsOlstsy
ftoj HdzOG Oj Isfw fndzd &30 s ¢ sC fdHdzlz © fdzj dzC &z s H dzt
cOMf dzOo9 © Holkrn dLAESyddy, (oilsslkkz f§fjtdtsH otjd

[ dzvw  orf f sdzdz ded v v J MmdzvIlsdw BECMdHAE2 § dzj dzb
ftej HdzOG Oj Isfyw i tod d3j dad Is BOdzed §f 2z dzv y d ts dzdzr 2 to ts
(cbtstesets  5COL QdeQd HAEB Y G difddr &S J t 2 Msmistsdls dL  d
1, M EkMmlsOduazp dyj feteigB &z fiZ@Is j dz' desets h Otcdzgdtc® 2, H
[ Odzj j twOMmMfsdzsy jdz f sMiskf Olsj dz@ dz" 2 h Otcdedte 3,
MowLOdz Mt MdzjHEs hdd3 sk Olsj dz' dzr &3 h Otedzd to!
fjted Bihjddy histsCO v Cf SHolsfotaly diz RAiAIC 8.
otcON Olsjdzt dzr 2 h Otedzdte 5, dzO Ctslsstetsdz L OCtej f dzj d

tdmMedig O©d §f zdzv ydsdedz" 2 tsBBls Hdzw MmdzwIsdvw ¢ f
BOcdzd j otse s twOMY dzOe O

Ow ddalsj o] sCudf™ dab @& s jdd) igaS d i
d

BO ¢ ZOo O ftjHMlsOs dzj dz® O ted fnlz dzS

________

t Mz di8 @3y MM MmMdew Isdw S MdHdets?2 §dzj dz26d M f ts¢

10 ttdmEds§ OB0ds dOyOdz dsy tOMmYy sdztsy J ded §
fsHo ) A EWwsY, HBZVW Mettcd® ECMdHs?2 ffdj dSd 10
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L xdzqur 9. lttd fokshd cttdlL tsdlsod
U ¢d 8, MmMBBdtKOsls ©BEOLSO Ooh 2y Mw
ﬁz&‘.cfl]’télsq’LatSHq’lsan sBtOIsdzr 2 ~"BH {5

LOdzdIstses o (
fsHodyd j dzts
s OlsS d 6 b Eded ®
otcj B ff so stesls dzr
v

| &sfokCd 6 okOh jddjd esCtke
fdjdzSk o Mfjydod: dzlz i B sfls! HAW).MeBEO S MdH S
zdeddzO fsHoadydz 7 d 1§ 5o tstelblsSdz [Rd3]dzts f @ s tis © fi) fiplO® W

& sd MsfsOodvjlks 0.05 [& . Ckt {§sLotddls {sdd
sCMdHdzd §dzj deS e ) § 5o ton Ol O EHdEGoEas  40] . L dzts

[OjtdOd d &jlstH"

I sBhjd3 MzeyOj Y5 COYHB2 Ml § jddedi]yds Hadd'y dztstapsy
sBSBN jdzdzr @ CttsteHd Ok, MSstshmlsj2 d bkMCttedd?,

sfejHjdvslsimw {dgjtwejlsduijmMSddd ROwLOClkjtdflsdS Odd
ftstsls datsh j dzd W o3q :

0<q,<04,0=¢q,<01,0<¢g,; <07 [m],0<gqg,<—= [pan]
—02<4,<02,-01<§,<01,-05<4;<05[M/]—Z< Gy = =P ()

—02<§,<02,-02<§,<02,-05<{,<05 [M;C:].

l tBGOBEd § O] lissedd (s [fjs] OF @S Mdskded

CoOHEOIdyder &3 f sdzd dets B3O, M or §f tsdzdzgj dad j i3 EMmdztsoe
EmMCtstej dzgd?2 o IssySoOn Msftewy jddy, Mtslse jlMmiseakzs h dd
Ho dX 4 dzed v, HodYJdzdw M L OHOdzdzs?2 MEtssMmMils? d Ists
ssy¢d [5].

R A 1SHdZ1SJ fsdzsy jdzdi [t LOHOjIlsMw L dgOyj ded W d@3d t
Misj §j ded § seup=ondadmistis olststets? fMisj tf,j €zl [M,sSHPEH 3 dats i &
Isteg st j2 Misj fj daef;, =J0s05 Pmd 3 dasyls fuj Iso j tols =20 3 s fHif g dzd
Qg1 = 32—'? = 4.712 [pag].

5OC C0OS¢ ftsyjmm Mmdvwilsdw sSCHMdHds?2 M §dj dSd f
ftosdLotsHdIlsmw ftod dgj ftojter adats HodykMdnrmw dL dztsy dzd
HS L OHOdzdzs?2 MEstesMils @ =w.e4™y,] dzduv oGty dzdcists tc O d3d3dzts
EftcOodzj dedv s f jteots? Mmsjfjded f sHody desmisd ts§f dfmr

t=0:q,, =01 [m]
vt €[0,0.2]: g7, =
t =0.2:q,, = 0.104 [m].

(2)

 Odzy § tMhEh ifmMsedvy jIsmw Jtosydmi fEkMSOddw dsy
tcOMmYf dzOo ©, Hdzv MBSO Xt Hifdus?R ¢ tf ARG 5 Istsicte@e dzj dz
Mz HE W d2 o dH

t=02:q,, = 0.1 [m],

:r"

vt €[0.2,0.7]:q;, =01 — ,

®3)

vt € [0.7,1.2]: g7, =
t=12:q,; = 0.05 [m].
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10 Mdzj ke jd " Odyp sictc tsd ezl W dzj dz¢ d f sH
o Stetsls dzz s 10zt zOlf Tisc O BBdsc s i tOo dzj dzd v 1
By dzs L Of dMO! fdzj HEsh & BBOL B

" t =1.2: g5, = 0.605 [m],

vt € [1.2,1.7]: qf, = 0.605 — o5

4 vte[17362]:qf, = 0.5425—0.25¢, (4)

056"

-~

vt € [3.62,4.12]: g3, = 0.0625 — 0.25¢ +
L t=412:q55; = 0 [M].

 Odzj § 4 BREWEY jIsMY Ho
e 6Odedes? ©CMdHds2 &
9" 6Oy J ded § &3

wjdedj 5 ottt Mmlsj
2 5?2 § sHdzd 3O sfw 9 9

t =4.12:q,; = 0.05 [u],

0.2t

-~

R (5)
vt € [4.62,5.12]: ¢5, = 0.075 + 0.1t — =

t=512:q,, = 0.1 [m],

vt € [4.12,4.62]: g5, = 0.05 +

-~

1 Oud dzG02 g Hs o j dzd yd dz't = D12 ficjdfjtedsff L © sSH dIsMw H o
fi@tisjyjdd fhroHinLdsststts] sfdnr o0jlsmvw

vt € [0.2,5.12]: g7, = 0.04t, (6)

{ t=0.2:q,, = 0.104 ],
t=512:q,; = 0.3 [m].

 Odzj j ftesdLosHdIMW BGHdso ] @3] dzdes Istste sy J «
sBtcOdetsy Hjitejd3dih jdedy HoHodY dets?2 dzsf Ols§ PC 2
fteE@BREEcts {ftcOodjddy 5 §fjteots?2 fisjtfjdzd § tsH
t=1512:q,5 =03 [M],
vt €[5.12,5.32]: ¢}, = 0.3 + 0.04t — 02e 7)
t =532:q,, = 0.304 [m].
1 OC 5dz f 615G to O BBAEESE tis tolg tists @ R czjindsdi ™ § ded d s B ©d %
mMdzj Hzs h dd3 SBEEOL A3
r t=0512:q55 =0 [m],
vt € [5.12,6.12]: ¢f, = 05
] vt € [6.12,6.34]: g5, = 0.25 + 0.5¢, (8)
vt € [6.34,7.34]: 7, = 0.305 4+ 0.5t — =,

\ t = 7.34: g5 = 0.605 [m].
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1 OtcOdzdzj dz! dets fp HodX 4 ded J dgd ( § ysH o dsy disstdnilslef*, j 29 T fiff I
Hodyjdedj s yYyjloejtelsts?2 Mmlsjffjded fsHody desisd Hdzw
MeBBtc® CMdHdAS2 § dj dt Jd. vydlsr e Ow Ylsts 5 HOdzdats?
HodY jdedj Bl EZftstcO Ht bkfste® M tHO] dgjCdajlsdedgr B twdzjdavd
dzj EkftwOeodW ] 3 5 » Ozt ued dejo sk iy © tyupgltes] 15 Jizidf o) Om xify 2z
Misd §Jdd ¥ sHadHdsRlOf sy Mdzj HEE " ddB3 SBELOL BB

t=6.14:q,, = 4712 [paz],
vt € (6.14,6.74]: ¢S, = 4.712 — 6.108t,
vt € (6.74,7.34]: ¢, = 1.047 + 6.108t,
t=734:q,; = 4712 [paz].

9)

[ Odzj i hkh jMlsodzv jlsw otLoteOh jdadj o dMmn~ SHdts
fcHotMmsaL OCsdz flesctcORBBdSE s EZftcOodzj dgdWw o L Istsd3 M

s t =7.34: Q13 = 0.304 [M],
o2t

vt €[7.34,834]: g7, = 0.304— —
1 Vvt €|[8.34836]: ¢, = 0.204— 0.2t, (10)

0.2t°
PR

Vt € [8.36,9.36]: g7, = 0.3 — 0.2t +
\ t=9.36:q,c = 0.1 [M].

vsO0Cddz BOLBAR dO or f tsdzdzj dzd § sHdtsets yd¢ dzO
fsojterdzsisd BOcdzd j otsets tOMY dzOo O, t = IBE[flstsEts © HO

tiLkd. sOIsT

rdzv ftetseo jteGd HBMistse jtedetsMmisd ¢ tsdzzyd dede" = 9" 6Oy,
stcOj SIsstedd s Msjfjdvd fsHadydesylsd [, or fftsdzdac
f to j MiagLab[6].

RL d3j dzj dzd W sBtsB M j dzdats 2 CtstcH d dzOIsT fts Jjtcots?
5y qh’ o0 sWdsd ' (©DN.J wd) , (7) d (8), Colssj LOw
U?%Zii’zsgzédzdz d &sHjddekzs shY T glfntddjds] ey ds(Q =3 {if tdedfses jtaHOj
tc i .

Values of the generalized coordinate g1 [m]

oordinate axis ql(t)

C

L | |
0 1 2 3 4 5 6 7 8 9
Coordinate axis t [s]

{ gk di Gtk e OgdsdzO" kteOj Chstedy 5 §odsyjdds §jts
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g ftod d3j dzj dzep ikdgy dpeedndm o ff sdzdzj dats BSH | dzd tets o C
gL d3j dgj dedv MCtstosMmisd tBtsBM jdadets? CtststeH d dzOIlsr
e stetsmisd fdtte 2 fisd 4 dzd ftsHo dX datsfyls d It
Tr_accelerationglm. o ' {f tsdzdzj dzts BsH j dzd tots 9 O dadf Jv tz th) € tp jof f
sBtsBh jddets?2 CBteHd dzOIT , st jMls! 1§ totsc tcOBRdats 2
fsHoady detsfmisd [ 1. 1 sdzlz yj deder | CteOWdSed ftotsatof
EmStstejdds fjtots?2 Mmisjlfjdd fsHodydsmisd [t {ted

- Rate of change of generalized coordinate v1 Aceeleration of change of generalized coordinate al
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) S EOBBd | bwOjChsttdd Gt (odsyjddy ol
sfdmr o0 smw or Oy jddwdd (3) d (5), Ctbsttr]
Tr@emi jLizd 5O ftedojHjde 20 twdmlzdeSj 6.

o1l - Values of the generalized coordinate 2 [m]

0.]1e—= Fad "
\ Vi
0.09
= \
T \
o 1
5008 \ _
= i
5 0.07 /
=) : !
3 ®  point
0.06 permanent position
/ === pvercloking |
/ e hpeaking !
0.05
0.04 ! ‘ : : : ' : ' ;
0 | 2 3 4 5 6 7 5 )

Coordinate axis t [s]
t Ik di W& e OBRZRZOW stcOj Slststedw 5 ff sdztsy j dad b ¢
o f tod d3J dzj dzd j d3Tr_speeds2ne, O Bgdgccelerationg2.m o ' ff ts dzdzj dat
BsH | zdtetseo Odzd § f tets G tc O d3d3dzts 2 stcOj SIststedd ¢t M
fsHody desisd [t .ctcDBEEY) ddstgc tc O dzdzdz” ~ stc@j € Is
EmCtstej dedé olststets?2 Misjfjdzd fsHadydesmisd [t fted
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Rate of change of generalized coordinate v2 Acceleration of change of generalized coordinate a2
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) tECteOBBdr j| teOjShkstedd § {icxEsdidgsnls § s jfls
sfdMmr o0t s o LOYJdd¥dd (4) d (8), Cobtt’'j Bt
Trg3m | 6O% dS foscteORBhs? beOjShkstedd §t ftsdsyjdd!
[t ftedojHjd dzO tedmbkzdzCj 8.

o f toed d3j dzj dzd j BTr_sheeds@ns, O Tgdgccelerationg3m o ' f s dzdzj dzts
BsHj Zdteso Odzdj] flscteOBBREs? LeOjChktstedd f§t MSstt
fsHody detsilsd [t. 1tdeyjdds j cwO¥dSd §iotsatcOddd
EmStstej dzeds oltstets?2 flsjtfjdd fosHodydsiisd [t ftedojH.

Values of the generalized coordinate q3 [m]
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HOdadetse s ftetsyj MMO tojHdztsy j des  ff tod d3j dzj dzd j I
deZtS)iLdﬂ{ufr]uJIS Hodyjdedw fts olststets?2 Mmilsj§fjded ¢ tsH
dzd dzj 2 JBjhjddy fsHodyd = dzsf OsS Mts

J t6
&sf Ols BlcOdzdzO% ¢ idH&OY f§dj 2SO HOdjj :
MEjydOd dk* MEEBOISSC N das2 §dj eSd. [ & 6]
©tOL©OBlOdr fsceOddd j ktOjSkstedd §t {§dt
fsHodydtsfylsd [t M fteddd dzj dedj @3 ¢ o9 OHteOlsd ydzg' =

1 OC dz¢ uJd ded §

15 fsdzzyjdede &3 toj L zdz SOOBR ®sy dets fH j dzOIs!
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-t OL OB sls Odz" ftesdtcOdRBBdz" | IteOj SClststedd s
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DEVELOPMENT OF A SOFTWARE TRAJECTORY OF A MANIPULATION ROBOT
FOR REMOVING OXIDE FILM IN THE PRODUCTION OF COMMERCIAL
MAGNESIUM

Abstract. The paper considers the issues of robotization of the gsomeremoving an
oxide film from the surface of a magnesium melt, using a handling manipulative robot (MR)
with a movable and rotary blade. MR by the translational movement of the movable blade
collects the oxide film on the rotary blade. Further, bytrmtal movement of the rotary blade,
the oxide film is dropped into a special container. To control the MR data, software trajectories
have been developed for the degrees of freedom, which are described by quadratic polynomial:
The developed software tegjtories are modeled usiMpatLabversionR2015b

Keywords. Foundry conveyor, magnesium melt, oxide film, manipulation robot, program
trajectory, program trajectory planning, quadratic interpolation.
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[.1. ¢Bd¥cOouzdgoe [ JtcjdsOB®isd 0 1. u.
Rl qlskl ddt SEBOYdEdd 2 d o' wd ik IS jodEDIST L Is R C
sOLORMsOdz
0L0RMSd2 dzOYydsdzOdz dz 2 OelppafiZ@i g Is j b O @F iz Oaedz
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YyrRef 1oL fdrefrRt LI o vrRr Yt Lt300 IJ LRI T
1rerrEOC S LS Jecrsd1d Y [ulsd

O ez ls O d ¥ Odzdzgs s MMdzj Hise Odedd BT &2 fes5OdROEIL d t

fdsksdd M fwojfvisMbsodj d3, UbHbsKdESd2l O OHishery d fls
fMsBr Isd?2 H&vW Sty Osh j2 MmtcjHT dq dzsHj2. J G t5tc dz
fsHoO Jtoy J dz Mddzt dzr s HBYHWAHR d IsOwWdeds dzj Hdzd C ts9,

fng dzj 2 d ftsotcjyH]ddw GdHteslsj ndzed ud M¢dn Mststclzy §
@iy Msod?2 d dr flsjdydod: drr fhmdziufmlsed? dzj 58
[ MY sCEMmMdtetse Odzd fiy* ZO0 dmMfsd Lo Oddd ydmdzj dzdzts
HJdZOBdSd oBHMsets (ol O, 97" Lo Odzdese s tOL tolzh j da
HsMistse j tcdzsc s st wfifip@zd @3 + s dgj dgd dzd Ho kzd3j tedzlz®  yd fi
dMfsd LsoOdedjds RBjlssHO ©BI jBO ydqHuHSsMsd (VOF) .
ZtcOo dzj dzdfwls g OO jH dzv  dzi My d BOJ B2 Mtej H T Zmtcd Hdzj &
tcOo dzj dedj HdzW oL Odd3stsH j 2 MlpafdW Isds2y vyl iisQ 1d3d d3dz.te Ore dizj
dMmf sdz' L s9 O0dzO lsIztsB-Itszc;dzﬂscﬂmltecfctgmHJRﬂJSOk B dz f tod d3j d
yd mdzj dedets ¢ ts 1 wRfpsusjidddz" | yd mdzj dzdzr | jLizd 5OIs' g
Hj dsdefistcdtekzs Is Astetsh dj Mt dzOMmMtse Odedj iy 1Sy j tod ds3d
dOH j ) detsfyls HOdzdztsG s tcOL tcOB tsls Odzdzts 6 Odetsth’LsdjsO

yd mdzj dzdzOw BtsH j dz2 sy jls 1 WWjiCSlsdoadets MmdedL dls! € OO
faslsdd M fwjfvishisadjd Jd BsjiMmfjyudls! Moty ot ok
B3d ded 3 L Oy d deelzB Is 4 G ip@zs 4 lso d 2 .

sdzs Yyjor j ripags)dsOF, Odetstedlsds Pl SO, ydfmdzj dadzts,
fwejfwismbodj, ®is@®sdgOdedj 1 0o’

lojH]jdsdJ .

]l sHO WwWodzw jIsfw YL dzj dedzts 9 Oy dz" d3 to Mztemtsds HC
¢HJCOObdAs] d BJLBUGMQBJ®$WBHB@@QBWﬂ@dJH®$%JU$B
sCtekyOsh j2 MfMmtejHT sBh jMsoe®© d 1 Ctsdesd3d S d. RL i3 &
Eiddzde Os s L dzOyddssils: oHdy 7 toj Mktemss d dzj SBR 51
tesfmls dzOMj dzj dedw IbtejBlkzjls Btd hjcets WMhsfsdd zOd o tsH
ftotsd3r hdzj dgdgr = yj dzwm, o Cdz¥ yov wstetsh jdedj HdzW ftosdL
Mstesdlsj dz Misots d BJL S OMdatsfls? 1 dztsds dodg Ssjfnls O smw o

dlstesdlsj dz Mlsets f dzslsddz sSOC Y] HtojHMsSOadzw jls  sls
Bsdz h oty j s fteduddedls: L dzOydlsjdz dzr 2 E&h jtes d dz
fMtej H d Bh jfmselz, O IOCYy ftedojMmisd ¢ BlsMmlsOs
BJLBY OmMdesls f dztslsddz wWodzvwjlIsfpw Cdzg yiordga WOCIt
otsHBSRtOdzd dzd P d B M Q@mig.ded ¥ Is tgtsd IslgQ@ir jiylsdatss? Big L S OF
wodw jlsimpw imdtsets?2 Hdzw dr EfmMts2ydetet Wkd ydtsda
fdzslsddz btejBlzjls ftcOoddz desets k§ tcOQo dzj ded W o fnj d&3d
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s nded ud MEtsj tBMdzzYy do Odedj MbstelzC Isdsten j teaigddstaiizls]
LOB] &zt tsBtstckzHtso Odzdw, O IsO¢HYJ fjtdsHdud MEd?2
l oste’ o i dztsIs d dgr d LOItsy dzj dad J ftcdBtcj ) dzr n
dzOd B tsdzj j fd to! j L dz" n Oo Oted 2 dz' - mMdszoOyd?. 1
ttOL telz" j ded § Bfndztsﬂmﬂfﬁfnlﬁrﬂﬂsfﬂm(ﬁwdzdé% s MBEK
ftedtesHdz » Mmd dz, CsdzmistczCIsdode §j HJ Clsr dzO te
1 sz Hiplsoadw O Oted?2 dO cdHtetsls n dad mMedr Mt
9 Cdz¢ yovw L Olsstfdzjdedy tBh ¢ izt , Is jiftdctgdhldctOd didzd j G «
Mg dz MCsatsLw2Mmlse j dedesets tsfstsﬁtstsdyfndztsatscls i tc
1 stcOy O h j | H]2Mlsadj o 5 dzdz' ftester 90 ftotsw .
EHOdtsets otLHj2Mlsoadw dO drHj2 d Mostelzyj dd
MestesMmis! v, OF- f joj BBz BE s teOL tolkzh jdzdgr = L HOC
ftejHBiIsse. | sdzds?2 ftoster 90 By jls Brils! t©OL tolz!
Mostelzy jdd?2. wlsjfjdd w©WOLWGEN jddY BEHjI L OsdMm
mMEtstetsMisd HodXJ dzdv o tsdzdz .
yiej LW sEOydd o Ltsdzgi L OIststf dzj dedw dzj toj H S
fstcOy O h ddizd WOSCIstcOR ¢ ) OtcOBd o fmdzj HMise dj
1 dzj SlstedyjmMSdr €0OBjdzj?2 d ftesotsHBe, i tsdzL dzv o3
(Cao etal., 2004, [2; Wuand Wary0 08, [ 3] ), dda¥ j Cydtsdadz dizd L
L OGteW L dzgj ded W fdls! jot? O tSHT d -t g ek ts dztzdhdt
mMtsmissw dzd v ) dzOfMmj dzj dzdzr R f zdzC IsO~R oBdzdLd L s
tcOL i3 h jdedw ftsMmistcOHOah R, ftse j dedets o dzjlsdzj §
1 By gizfmlso dw Qo Oted 2 2O CSdHttsHddORdyd MSd ts
stcHdtsftej HMECOLE]jJB . t OMf sdzOc O, COC ftcOo
dzOMmj dzj degdz' » fdeSIsso d wWedwwfy! Bl jCIOBd ftsor
ftede j Misd ¢ CtOils O Pl tst ¥zrd dzff S tsB M Jtodzs R Isj toted Is
Csdzdyd Mlso © eBtesHise d MmJ dz, sBl jCIstse € sdztsdzd
ftoj CtcOh j dzd & mMEusrhBHMIse O, mMjdz MECsRaBLW2Mmlse j d
(Bahmanpouri et al., 2021, [1]).

[ Objted QgzbH d .

[ dzv dzOB dzt Hj dgdW L O sy Mo ftoster 9 O § dz
dmf sdz' L 2] Ismw ydq mdzj dzdzts § BsH J dzd tetso Odzd § . lod
L OtcOIlstso ud mdzj dzdzts § BsH j dzdtetse Oded § , ) ts f) dat
G dHttsH Jd dzO B3JISHB, s dAf 15 dz2 L K js §f Bepvigoatzed. 20128 [4]; Simsek and
Islek, 2023, [5]; Yang et al., 2022, [6]; Wang et al., 2020, [7]; Wang et al., 2022¢4[8])}{ Is 52
yJ dzt 8 2Oz ydzOwv dzdlsj cOskztce® ftoj Hd@ZOCO] ] Is 56 totsd3ds”
dmy sdz! LHAzdglE HAj dzd tetso Odzd v ftetsyj MMO tOMY tetsMmis e Od
f dzslsddz . [ Hdzd 3 d L clnipetatiinaljidiatymamicggdolgptedivin discrete
element method W o dzwv j Is fypw BsH J dzd tetso Odzd | 9" detsmO i f
dmmdzy H ts9 Odzd ¢tdl., 2023 119 Kamiderovet al., 2023 [10]Rakhimzhanovaet al.,
2022 [11]) . [ Odzdz" 2 34 IstsH f stsectmdze]j ISH dats H {5 |
stcOdztf Stelsdzts?2 L OH OY( . J tcOB BIsj ( Xu et al .,
cOMf esMistcOdzy dzad v o ey daf t&ts td frpdEs o af R ts d dzO Y dzts G s
Hisdzdz" » SSldztsy jdzd?2 dMisd tLlkjlsmMw HokAWOLdr 2 B
tej Odzd Mls d ydzlz & ddzdIlsOydse , Qo Istste Od3q dMmmdzj Hiso O

¢ s
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U 4

ftotsH | s deMmistcd tots o O dats SHdztso toj d3j dedstlsj fls o 2 63 Wzlp dzd
9LOddsH j2Mlseodj o tsdzder ftester 90 M dzj 2. v 0Cdds
Hsf EMS Os s dzj Ctslstster j EZftetsh jddw o twOmMMdOlstedo
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fitse j toh j dzgllso s sfyw  byjde B, o tjLbd O] YjcEts
foetfdzr , fodedzdy jdedzr 2 €& jMmlsjflsejdeder 8 ftedetsHdy &3 bk

jLEdz IsOIsr d BBMEYHj ddW.
ssH VOF.
OQodzj dzgdji VOF (B IstH1 IsB i | dz@dziy dgde'C S MdHBsH,
Isfydzj ¥ do Oded ™ f jted 3§ " jded™ d HIWBSLBOYdd ddals
n Isj yd deq v n. )| L Istsdz i IstsH potsH(Is
dj?2 BBi j&BBO yduHSsMd" (VOF), SCSoltsteOW ftoj
wyj2¢ fMilkSd. uvtOsadsdedj VOF GftjHjdv,jl
j ded ,  zfisfls "o G dij " gtels j  d dals j M B BUMOF -5 Y HEZ W
gmMisd L ks Isfpw o ydmdzj dedz" @ BBHJ &Y R Hd&Y o
sO¢drn C0O0¢C HitijlsjCOddd MdHEStMIsd ydteddL
j2Mmisoadj COfj e jdnif zifdidi"2d,0 OQzd OUY jteOL Hj dz,
9 08 Is otsL d3tsy dats s ¢ Btsdzj j IstsydetsG 5 d H
mMse ®BIYHE tOLdEZJUd i3 W OLOBd d Eyd sO 1]’ts
d ddhstezdj ZsoBkd o sHgONBE]fdy jditedd d
sodzOWY dHJjW &BILBSHO Bl jdBO YdHStMIsd L OC dzt
dglsj dz' degs?2 wyj2¢d Mmkh jMmlseakzjls BHBGO M OdY tcdzC
wyj26d GHds?2 WOLG2: otH?2 dhfstn stypTEGER. | Il @&y
L OH O jdstijwded § O, O JMmoizd dOtBBtKtIs, sts LOHOjIsMmw L
ZOR sHWIsw o 3] & POte das s @deddzgdls) j s B[] j d3dzfle oHstisdedz 6 © tSH !
Hisdze WOLT 9 wyj2¢,j otLHEZRO. v O0¢Cdd3 BBLOL t5d3, 9
a(x,yv,zt=0)d HOdjij orydmdzvjlkmy CO¢ twjhjdddj EtcOo dzj da
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g—EEQ—'G‘QGf&.U;‘
“Q—rdI'kJ .

] &

& (o )

=0 (1)
vOC¢ CO¢ fodtsyjddj MoBBEHMSY cCaOdaty0) SHtej HJ
WdLduyjmedjy Mots2fMmlsoaO® cOLBYJdHStSMsdzats2Askpimer 1f§ dzOr s
odMmMseorn 1 WWdydj dzlstse [ 14] :
p=ap +(1—a)p, p=ap, +(1—a)u,. (2)
RdzH jCfpr 1 d 2 tLd&OyYyOjls Hej WOL': eotsLHERO d

[ Ol j &3OIsdyj MSC OV di3tsH j dz' .

[ &z §fMmistetsy dzgdwvw BOIsj BOIsdyd ME 82 d&sH§ dzd, dmf sdz
ddi3f Zdz? MO Hdzv odRiEPy O lag@dzd yd MEs2 Y dHEBMISd ftod |
fse jtondesMmisdzr = Mmd dz, O OS] MdMmisj 3O k&t g dzdzr -
[15]:

% (pw;) =0, (3)

(pu ) +o- [pu u +puw ) = .a ZT” 4)
"{L "{I

CHY;, S sdzj dzls™ piNBEBHES Y, HOo dzj dedrid daOfiFd Sy IS W
oW L G tshflsdzts Is dgts fiy ls - rmqjm(g%tf%fk)'qmte;mzqz lsjdzL St6 awLCdn
15 otej Bjded fesdLotsHlsMY ©fhtejHdsj dedj d Plstednd L
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sdgetbud MCOW 1 dgj cedWk &t isdzjzdgle dzticfFls)ds Hdmir
SftjHjdvjlsimY dL bkteOsdsj dedv o jtoj desfO:

d(pk) E'I:puil-::lz a ue ) 8k B

o 9% a%j [(“+sk)axi}+Pk pk, (5)
dlpe) , BlpuE) _ . e, £ 8 [ de
ot T = CepRemeCa T o (5) 50 (6)

Te

G H lﬂitlzl:"cpk::‘ISIZtGB  dzj dzbdz@g=m(%{%§}%%'|imc stesmis! ¢ j dz

L dzgjtecdd IskBbdj dsdesiisd Mejrdaj 5 Isjujdedd. s
fls OdzH Otels dz' §, =LOMBDOY: j=dkd 4! C.z = 1.92,0, = 1.0, o, = 1.3.

pdzetstedIsds ydmdzy dzdzsc s stsH j dzd tetso Odzd W .

vy d fdzj decdz@W BsH | dzr  Hdzv  dsijEifows 20  LIOMNBPESES B ¢
hJesqigf sdz L 7 tgtzs dediccte BIBQREressurimplicit with Splitting of
Operators)PI SO wodzw jIsmwW SHddd®B dqL &Odesdij ©WOMY i
BsHj dzdtetso Odzdw  Hdzvw  toj Ny Istay P ) Oz todd oCdig -zt @D Q 1o BOGEO A
ftesetcORBB » BiMfJuyiddwas. 1 Ansys Fluent O
sfyd?2 ydimdzj dedesets tojh Olsjdzv ftoed dzOMbstets2Cj dBis
Hdzw  tjh jdzdw dzgj MsOydosdzOtedz" = L OHOY d difgsCts
O tetsH d dzOd3d ¢ 52, CGdHtetsH d dzOd3d € 52 d Htclz ¢ d &z
BSHJ dZzdteso Oded § Ibjujded? d §jtj dsmO BO0MM" -d dc
Mrd BB HwijHmMisOodzj dz@¥ dO twdmizdeC 4 1.

Crapt
Ilar 1: pemnTh Ilar 2: pemuTs
IIlar 3: npaBHIBHOE
JHCRPeTHOE YypaBHeHHE YpaBHeHHe ROPPeRIHH
. ¢ JaBIeHHE H CROPOCTD
HMITY/IbCa JaBIeHHS
IITar 6: pemnTs Bee Ilar
OCTaIbHble THCKPETHBIE IIar 5: npaBHIBHOE 4: pemHTH BTOpOE

JXaBJIeHHe H CROPOCTD YPaBHeHHe ROPpPERIHH

YPaBHeHHS HmepeHoca
JaBJIeHHS

KouBeprenunns Het

Ha

Crtom

t Mk dats CLHES | BO ORSBE s BO
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O dz¢ S eRISOB 1 sydmdzj deder 2 BjlstsH, dMisd Lkzjd 2 HE

1 OQo-tlgtsCE MO HAzwW fskstsCO YdHEtsMIsd [ 18] . Clsts L dzOy!
sf jJtcOststetso . &z stedIlsdy Mmistsd Is dL Ho lzn s dzts © dz'
Ctstetej S Iststc O.

10 hocj fejHndSsef 600 thg Gt aPj ) &3 € &Y tdzj dzls

Mesteififg2dmMf sdz L 2w HdMCtejlsdL Jetso Odzdzts | EtcOo dzj dzd
ftojHi sz jdzed] B HOodzjdedd sy jIs Brils: o jtedsr &3, O
10 hOocd] Cbtte)Clstic® gl Rusj Wi dwidd dst § @z § & dzj
d MCttshisd, KOS COC fumMsOsdvshOw MCstshisd, §
FHso dzj Iso steW Is ! FtcOo dzj deds dzj eOL 6" adesisd. [ tojh(
dmf sdz' L v  tcOo d dz! pliats j | lfftsmlz )y s @ o dpjtsdedse j sflse 2z h dj |
CdY tdzj dzlsf u S stetsfls d
p'=p"—p
u' =u" —u*, (7)
v =t —
CHOL U v {0 dd dzs] f§dzj HOo dzj dzdW p'd, vl Oo dw

Ctetej S ydw ) i tsdzj HOo dzj dzd W d C Btotpjl,iydw ) ¢
fojHf BdZOC O] Bs] Jtsdzy HOodzjdedw  MsMmisOeadpy s h OW Mm¢
Bsy dzes dzO2Isd s tcOQotsyds J uSwsdif sdzj dzls' Hdzvw MEtstesMis

zOc 2 (st SktcttB’ 3" O &y & (sdvd HOo dzj
Yyt ftsdzzydls! tCdyOlsjd dr j, ftwOoadd dgr j 1 tsdzv.

TEE ¥ L | N
p*=p* —p";ip"=p' —p
u =yt —u; u = ut - (8)

pHE = L‘”; p' =t — '

CH P u v fcOodd desj fsdzj HOodzj ded® d §tcOo ddz d
p" v C tsdiszgdzls T oltstetsets tsftcOo tsydesc sp,ubl®b dzj dzd W
feOoddr dF j Ctisftsdy dzlst HOodzj g™ d M seshisd.

e SEEPISE " JesCts dMisd Lizjlshy o dsHj dtss O
CdHEHJ @IS d (

ltetseo J oG O ydmdzj dzdzts?2 s H § dzd .

r dzv fteso jticCd fcOOdetlz' OB RFOBPYUFHE B BsH | dzd s
h OdzOfMm:+ ydMmdzj dedets, tfdqteOwm: dO + CMmf Jjtcd d3d dzls Odz' &
6] ) . RMMdz Hs9 OdzdW o dzdWwdzedw JsbstsCO dz2O0 Msftesisd
ftsdzt LEzslsimqw o COyjMmMbe jdakjMmsse BAW QO CRyd L GHd®y .
Mstso OW L OHOYO tfdqteOdzOM! d&O + CMfjtddj dzls M Isj Yy
Hisn tcOdgd dzdshj if W Isfylse d j d3. [ d&z2v HOdzdzs?2 L OHOYd dMmy s
Otcdzse s tsBIsj COdedwy feslsdo stf sda@diazd Y MEFH dzl @H @ dzdz
ftotslsdo s sSdztsy dzts?2 Mlsj dzS § . dnj BOdyjMEsy dLBBLOY,
otSHBRtOdzd dzd P § CoOHWOIds?2 Wstd' ftcj HMIsOo dzj des d
ted L § oo Iz O te@Hy=tDQ 95d8" 4 nL O todL oo lzQder On. 09drfzBd 10" MBS
Lwaem 0 . 146 1 m, Brdz tslsSterls ftced odzjL Of detsdz EkH Odzj dzd d
tclLjtcozOtO M EEMEY OO0t sk ®,AMBN, linded@0,024m.

SsO¢C odHdzts dzO twdmlzdzeSj 2, Hdzw  dLd3d .o dedw fyd dzr H
HOIgd ¢ HOo dzj dzdw o IYSJ4 1.

]
1
m
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tdMzdep g s28j stedv sjMmssos?2 L OHOY]
W] OdzdL Oydd kjMmlsses? LOHOY] BT &ZO § sl

[ dz
CtsdzdyjmMlsots 1 dzj Bj destseo Ctslststes? MisMisOo dzw dzts 6 0 £
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l sdzkyj deder | toj L Ezdz IsOlsT EZHOtdzsets HOo dzj dzdV B ' dz
duf mdzj dedz” 3 L dzOyJ dedw disd o Ibtsyscjy 1. s0O0¢ oduHdd3, d
otcjd3djded t=0.1 MjSkdH] otHO jhj dagg HBMIdec dzO {1 tc
HeMIsde O s ftojfwlisimiseodw, 9 tjLEzdz IsOIsj sBtcOL W
ftcjOBRtslsMCOCdo Of Is ) l]’tralslsq’atslj’tsdzlsxdztsds dzOf tc ©O9 dzj dz
dL d3j dzj dzgdw o' MtsisT oHW e MiksdzeO® M 1+ ¢MYf jted dzj d
edmMizdzC 4 4. Il sdzz yj dzdz § uydmdzj dedz" § tjL zdz' sOIsT H C
L O Jtod d3d dzls Odzr dz'slkd3g utk @dzdz't s | ( Ko 1995, [16]). 10
tcdLzdz SOIsT HOo dzj dzgdw BEHOGO dz2ZO BOW! jteo d o fsils
ydfmdzj dzdetse s tojh jdedw Isjflsseats?2 L OHOYd -Br RAOG .4 i tsdz

0.4 T T T
Experiment (Koshizuka et al., 1995) )
Numerical simulation =—

0.35 b

Height [m]

1] 0.5 1 1.5 2 2.5 3
Time [s]

{ i daB %06 dzd Is | dz' dz' di degjidimfr 9O IdfslsT o HBHW dzsE s filk
1 S jtod d&3j dzls Odz! dz" d3d H Odzdzr ©s3d ( Kos hi zuka et al .,
03 mJ <)

T T
Experiment (Hansch et al., 2014) O
Numerical simulation =——

LI AZRET

Q0

1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6

Time [s]
t dMzdzB®C OB dzdIsj dz! dz" J toj L zdz! IsOlIsT tcOMy tcj HJ dzj dad W
L e jted d3j dzls Odz! dzr d3d H Odzdz7]dzdo (EHA@ndze h @) GBY MHOBR QLI
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l tsdziz yg dedz J tcjLzdz sOIsT OdzOdzd Isd yj MS sE s
dmf sdz! L seOdzedd oBBjIssHO VOF tBtOLEZjlsmw RBdzts G ts
MotsBBHMS?2 Yo jtrndsisd. J1tsdziji btsets, ‘eof KO g
dzi L OB} yo,jlsmw, O CBSCGHO oBdzdzO § t5Hdzd BZO4 Isfyw
SBtcOlsdzs o tojL jtcokzOte, Ists bktsdz Cts SSEHO LOKRjIs
edmMizdzCj 6 HtojHMSOodzj dz@¥ CBBdelskzter ydmdzj dedztf = to
MEf OHOjls f MY jtedd) delsOdz! dz' 3 HOdzdz" Bd. s O
fsHdwIsdY o9 jtlsdCOdz dzgse s L Olso 56O, OBHO ftSH H
s tstc s dzlz ss jMmls!, GHJ tiLjtokOt M ftoj fwisfl
ftoj f Wdnlstej L Zdz’ sOIsj] BBteOLEZY otdzdzgz, O f tod
HOwY jlsMY fH Hi2Mboadjd Mmdd ddzjteydd
EHdzddzw jIsfqw L O Myl GBKOLtSoa Qo jetsmw o yJ dzls
ftcOo s oo MBEIEIS O § SH Hj2Mseadjdd Mmdd Iswy jfmilsd
otsLHEN dzz B fsHiEhCE o Qo ddydzai 3 k¢ dziz,
ftejorhOjls MmMddk dddtydd, d osHO fOHOjIs tsBto
Ctes y¢o0. 1 tiLkzddEPlflsd eShHisYe@ddzO it tshdzse dats 2
otsdzdze ftcd t=0.5 MmjCkdmy. 1 §tsfdzj Hdg® ¥ mJQE@r
Its tejLblzdz sOISOd3, odHdes, ybts, f Eydibtsd ftjfw
o¢, fted t =0, 3 HBQPKX Iz dzelzfs Is dfdsiAn dzp j tdz dzd 2 fn dzts 2
tetslsdotstf sdztsy dzlz ® MisjdSkz otHB] RO, SBtOL O 9 ¢
SHY desets MissdzB ©. ¢ IsOCJ, ftod otLotOIlsj YOl
Sdzdes st 8 Ctlzy j dedzlzy  wyj 268D dzlg y pdfdarCAas sy ¢
dimdzj dzedesets BsHj dzdtetso Odedw Isj yd dedvw ftetster 9 O
d dz0odzd € CGOL sy dHEC tsfyls dzts 2 fmMdsd md fts fno SB SH
¢

¢
f
)
f
|
H
1Sy jtod d3sj dels Odz! dzr &3 H Odzdz" 5 dL MlsOls' d Hansch

o s
— —

t=0.1M ] Wk dz t=0.2fj C I dzH t=0.3M)j € I dgH

=04 € &z dgn t=0.5M ] C & dzH =0.6 MjCk

tdmMzdzsSdkzte L d3d dzj dedwv §tslssC O oatsHT Htod ¢ tot
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) OC dz8 ud ded d .

J HOdzdesdz dMMdzj Hse Odzgdd B' dzs 6 j OdzdL 5o Odes Bt
ftoj fvIsflsosfdegf, dshddsj ssHj VOF, CtbtsttOw tjhOjls L C
M HjWBsSBOYyd] 2 Mo tsB tSH dzts 2 fs9 jtendzsis(d . l1tcj HINls O
mMtsedzOMmMikzjIsmw M + M Jjted d3d dzlsOdz! dzr d3d H Odedz” d3q . d I
BiYHE HOodzjdedj 5 d MOBKHEMIsPiPY sez! LHOjdIBR? Odze sted Is

BEH] o Odzd™ fosEr 8 0 1 dzsls d dz' -4 QY isQL! L tsth Ofgrd o Arsthe
Hd dzO&dC L By WOL 5o 52 s fd, Hj Bsdzimlstedielzy Is
1 ey jted d3j dzls Ozt dzr 3 tOMyd Is Odzd . Il sdzzyy deder § tej L
shdsos2 H&Y LOMNdl' ydlsjdj?2 GStjmbsd = xdd& & t
©OL©EOBEBISC ] ©jOd dr i fdslsdde M Moy dr &5 ©j dz j ¥ 505

] HOd dgj2hjd&5 § &zOdedtckjlsfw bkfsejth jdfhlse so Ols!
9o jHjdd" HBfsdddls]d d & bhdss B s O¢ § ks Cdase t d
ifmlsjMmlse j dedesets tjdz jWO d fwjfwismsod?2 dz® (lkisd
i) Hse Odg HEkzed) vydfdy dedz j dsjlssur d do € ks
OfMf j ST HOddzs?2 ftesB dzj BOGS (.

1 ZOCG B H Otcdzs QlztlzOY tc OB BISO o' fKiMfizazy dgz® § o d s th dRdzO izk
®ZOECd Gdddmlsjtehmse® d&OESd d of fMhjct SBEOL 5
(BR18574144).
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NUMERICAL SIMULATION OF A DAM BREAK FOR INCOMPRESSIBLE VISCOUS
FLOW

Abstract. In this study, the failure process of a dam with an obstacle was analyzed in
order to understand the consequences and reduce the risk of catastrophic events for the
environment and people. In mountainous areas, river valleys are often subject to heavy rainfall
and glacier melt, which increases the likelihood of mudflows and damage to hydraulic structures.
Appropriate knowledge is needed to prevent such incidentthairdootential consequencé§e
have focused on the use of numerical simulation to study the dynamics of water flow caused by
the failure of a dam with an obstacle. To reliably describe this process, we applied a two
dimensional numerical model using thelume of liquid (VOF) method. The mathematical
model includes the Reynoldseraged NavieBtokes equations for an incompressible medium,
as well as an equation for the interaction between phases. The turbllenttho d e |  was us e
solve this system ofqgeiations. The PISO algorithm was applied as a numerical mettned.
obtained numerical results of the studied model demonstrate good agreement with the
experimental data and confirm the reliability of this developed algorithm. As a result of a
detailed anlgsis, the numerical model can effectively reduce the catastrophic consequences of
the destruction of dams with an obstacle and ensure timely evacuation of the population to
minimize negative consequences.

Keywords. Dam, VOF method, PISO algorithm, nunoali simulation, obstacle, Navier
Stokes equation.
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CABLE TEMPERATURE MEASUREMENT SYSTEM USING FIBER BRAGG
GRATINGS

Abstract. This article discusses ahlia temperature measurement system using fiber
Bragg gratings. The overhead power line cable temperature measurement and extension syste
tilted a power line wire, which consists of two fittings, in which there are grooves in the fittings,
in which a coppeplate with a certain length is stuck, in the copper plate there is a hole in which
epoxy resin is poured , an tilted fiber Bragg grating, which is recorded on anmaalé optical
fiber, an optical coupler, an ultraviolet excimer laser and a fiber optiaector, a light power
detector. Experimental results show. That the measurement error and the error of the senst
calibration result is 0.0634AC; the time of
The system has high measurement accuraxy excellent stability, can be adapted to real
temperature measurement systems, and has a certain practical value.

Keywords: fiber optic sensor, Brag gratings, temperature, cable

Introduction .

At present, due to the rapid formation of society and timstant progress of science and
technology, the branch division is continuously strengthened, and the external conditions
necessary for working in any industry become more and more stringent. Only if the necessary
criteria are met, it is possible to guaeathe good operation of any part of the system and the
equipment can work in a coordinated manner. These conditions are especially embraced by tf
fact that the branches of various branches of industry are continuously divided and can normall
function. A whole range of equipment covers many modules. To provide the typical operation of
the equipment, any section of the system is required to do in a stable area to meet practic:
needs. As equipment continues to evolve in the direction of miniaturizatiah an
intellectualization, the sensors are suitably quite small and can form a network to measure thi
entire system.

Temperature is a physical quantity that characterizes how hot or cold an object is. The
main parameter that must be strictly defined for th&trod of special equipment is temperature.

On the one hand, temperature is a key parameter that must be constantly determined ar
controlled in electrical equipment and scientific experiments; on the other hand, since changes i
temperature may require alges in voltage, concentration and pressure, temperature monitoring
in the realtime system is carried out using electrical equipment.

Fiber Bragg gratings have been extensively applied to electrical equipment prediction,
structural health monitoring, powesystem fault monitoring and other reebrld indication
cases due to the rare superiority of EMI immunity, low melting loss, high sensitivity, small size,
and easy distributed measurement. Fiber grating has been extensively applied in realisti
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detectionapplications such as electrical equipment monitoring, system status monitoring, and
power system fault monitoring. The study of the grid temperature measurement system for smart
electrical equipment is of great importance. This article mainly discussesethperature
measurement design of the optical fiber array of smart electrical equipment.

Rapid and active progress in different areas of the industry is intensifying the
development of sensor systems, especially in terms of their performance, speeduaadya
The still emerging industry calls for detailed and broad information about physical parameters
such as deformation, gas concentration, temperature and others to realize independent control
and improve remote diagnostics [1,2,3,4]. In [5,6] theat¥d and researched clear information
about the temperature in electrical power transformers, which can lead to early detection of a
fault or overload, which is possible to support the planning of industrial maintenance intervals.
Moreover, temperature drstrain measurements can help detect battery expansion or be used to
optimize the structure of power designs, which is positive for the formation of electro mobility
[7,8,9,10]. In most applications operating in harsh and complex environments, sciemdsts
companies around the world consider fiber Bragg gratings to be an excellent choice for multi
parameter sensing [11,12].

The development of fiber optic sensors has been promoted for decades [13,14,15].
Because the Bragg grating sensor is embedded wpacal fiber and operates in light, it is
naturally immune to harsh environmental conditions. That is why these sensors have found many
applications in a wide range of industries. For example, FBG has been found to be excellent for
both temperature andrain measurement [13], energy infrastructure prediction [16], military
use, or even space mission parts prediction [17,18]. High temperature sensing, especially in
harsh environments where fibkeased sensing appears to be one of the few viable options.
Indeed, most of the studies reported use FBGs to measure temperatures down to hundreds of
degrees Celsius. Although there are still separate areas of application that call for immeasurably
more spacious temperature ranges and therefore the optimizatioh mokaduring systems
[19,20]. On the effect of photosensitivity in doped fibers, many varieties of FBG structures have
arisen, especially femtosecond gratings [21,22] and functionalized gratings, which can be
obtained through sputtering of optical fiber kvivarious chemical syntheses or polymers
[23,24,25].

The current formation of FBG technology is mainly focused on sensor applications [26],
and an impressive need is emerging towards the field of bulk sensor systems based on optical
designs [27,28,29].

Materials and methods
The Bragg waoafvea efnightenr eBr agg grating with a s
refractive index Neff is determined by the formula [1]

Ap = 2n A 1)
Thus, the chage inas corresponding to small changes in the measured valudl be
equal to

dng di _ 1 dng 1 dA _
Tl gy ) OX = A —ar TR a0 = As(ans +a,,)0%, (2)

8a5 =2Eox =2(A

wherea, .. , @, ,- are, respectively, the specific expansion coefficient and the coefficient

of change in the refractive index of the 6los material caused by X. In the absence of changes
in parameters other than temperature, the change in the Bragg wavelength is thus determined
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6":{.5‘ = ‘AE[au.X T a:zﬂ}'ﬁT = ‘AE[‘:_ Ll a:f_jST = ‘AE'::_ # 4T, (3)

whereg anda; - term optical coefficient FBG ahcoefficient of thermal expansion, the
sum of which gives the thermal coefficient of the Bragg wavelengitthen using an FBG, it is
often convenient to expresse-in terms of its temperature sensitivity over the wavelerigth
such that:

8Ay = W, 6T, (4)
N where(r= ag 3; which for a fiber opticsensess = 1.5 Om has a typ
Om/ K at room temperature. I n most measur em

ice up to the upper temperature limit FBG of ~103 K. The total change in the Bragg wavelength
o @

1
(T}

AT = | dly =9, Akg. (5)

As the temperature decreasesnd(r also decrease, which becomes more important at
temperatres below freezing. The consequences are that a siiglalue cannot be used to
reconstruct the temperature, and by keeping the Bragg wavelength query unchanged, a lows
temperature sensitivity of the sensor should be expected.

The overhead power lineable temperature measurement and extension systedha
power line wire, which consists of two fittings, in which there are grooves in the fittings, in
which a copper plate with a certain length is stuck, in the copper plate there is a hole in whict
epxy resin is poured , atilted fiber Bragg grating, which is recorded on a muitbde optical
fiber, an optical coupler, an ultraviolet excimer laser and a fiber optic connector, a light power
detector.

Line-to-line voltage distribution measurement systesing singlemode fiber with a
Bragg grating, where the grating is attached to the test object with an adhesive bond, and th
deformed spectrum of the deformed grating is measured by a spectrum analyzer, characterized
that the temperature measuremertt aable extension system of the overhead powetilted a
wire electric transmission line, which consists of two fittings, while in the fittings there are
grooves in which a copper plate with a certain length is stuck, in the copper plate thereeis a hol
in which epoxy resin is poured, attached tailied fiber Bragg grating, which is recorded on a
multimode optical fiber, which is attached to the optical sleeve, where the light from the
ultraviolet excimer laser enters the fiber optic connector amtight power detector.

4

[/
(H =
_/

/
Jsj W

10

R .

L

10

Figure 1- Cable temperature measurement system using fiber Bragg gratings

Resultsand discussion.
Assuming the FBGs are at the same temperature, the Bragg wavelength shift versu:
temperature can be plotted as shown in FIG.rk €an easily see some anomalous data for ~80
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K during the cooling process. You can also see that the data during the heating process is slower
than the cooling process, since the FBG takes longer to heat up.

A

AN, (m)

100 150 200 250 300 350
Temperature, k

Figure 2- Wavelength versus temperature

Temperature sensitivity by wavelength is shown in Fig.5. As we can see in this figure, the
thermal sensitivity at the Bragg wavelength is less. This can be explained by the lower
coefficient of thermal expansion of the shell. Because our FBG fiber wasaforievith a
shorter Bragg wavelength than others, we would expect less absolute thermal sensitivity by a
fraction equal to the ratio of its Bragg wavelength.

4

-
o

, pm/k

EYY:
aT
= N W b OO O N 0 ©

100 150 200 250 300 350

Temperature, k

Figure 3- Dependence of temperature sensitivity on wavelength
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Figure 4-Thermal coefficiat of the Bragg wavelength
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It can be seen from the figure that the sensor indeed has a thermal coefficient that grow:
exponentially.

100 150 200 250 300 350

Temperature, k
Figure 5. The dependence of the coefficient of thermal expansion on temperature

As can be seen from this figure, theefficient of thermal expansion is defined as the
partial increase in length per unit increase in temperature. Over temperature ranges, the therm
expansion of a fiber optic sensor varies proportionally with temperature.

A

G 10°k’

o
v

100 150 200 250 300 350

Temperature, k

Figure 6- Temperature deperdce of the thermoptical coefficient

For each temperature test, approximately a full day of measurements was needed. Afte
reaching any operating temperature, the system was maintained in a stable condition fo
approximately 15 minutes before starting dstablish the intensity of the transmitted optical
radiation. Five successive and independent measurements of the photodetector output and tl
corresponding temperature performance values provided by the sensor were further averaged
obtain one pair omeasurement points, which took only a few seconds.

Conclusions
In this study, a cable temperature measurement system was developed using fiber Brag
gratings. The <calibration result of the B
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Temperatureperformance experiment shows that the system has high accuracy, good stability
and fast response time, and strong-atéctromagnetic interference; it is very suitable for online
reaktime temperature measurement under high ambient temperature.

This wok is supported by grant from the Ministry of Education and Science of the
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USE OF EMBEDDED FIBER OPTICS WHEN DETECTING DAMAGE TO THE ROAD
SURFACE

Annotation. The road surface undergoes a process of wear as a result of repeated traffic
and environmental influences. With timely detectidrdefects and damage to the road project, it
is possible to develop effectiyrograms for maintenance and restoration of the road surface,
thereby achieving significant costs and time savings.

This article presents the possibility of detecting pavemantagie using embedded fiber
optics as a new method. The main advantage ofntieihod is that it allows you to measure
deformations over a long length of optical fiber with a high spatial resolution of less than 1 cm.
By comparing the deformation profileseasured at different times, an attempt was made to link
the change in deformian with the appearance of pavement damage.

Keywords. Road surface, fiber optics, fiber sensors, damage.
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