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Abstract. In modern railway transport, ensuring the quality, reliability, and durability of
rolling stock (RS) and track machines (TM) is a key factor for operational efficiency. The research
topic is justified by the challenge of integrating traditional, additive, and nanotechnologies into
manufacturing processes aimed at improving the performance of railway components. Research
aim: to analyze and optimize engineering processes in railway transport using traditional, additive,
and nanotechnologies to enhance the quality and reliability of parts. Research objectives: to
investigate the potential of additive technologies (3D printing) for producing complex
components; to evaluate the effectiveness of nanotechnologies in improving strength, wear
resistance, and corrosion resistance of parts and assemblies; to develop and optimize quality
control methods using modern sensors and devices, including industrial computed tomography; to
assess the economic impact of implementing nanostructured coatings and advanced production
processes. Results: additive technologies allow the production of complex parts, reduce
component weight, and eliminate material waste. Nanotechnologies enable the creation of defect-
free materials and nanoscale structures, increasing durability and service life by 2—-5 times. Quality
control is performed through surface diagnostics, incoming material inspection, and monitoring of
technological parameters. Nanostructured coatings on cutting tools, springs, and RS/TM
components improve wear resistance, strength, and reliability. The integration of traditional,
additive, and nanotechnologies with flexible manufacturing systems and advanced control tools
significantly improves the quality, reliability, and economic efficiency of railway component
production. The results provide opportunities for broader applications in other engineering sectors
and lay the foundation for further scientific research.
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AnnoTtanusi. Ka3ipri Temipkos TackiManbiHaa noaBmwkHor KypamaHbiH (I1C) xoHe sxom
marrHanapeiHbH ([1M) canacel, CEHIMALTIT KOHE Y3aK KbI3MET Mep3iMi MaHbI3IbI PaKTOp OOJIBII
TaObUIabl. 3epTTEY TaKBIPBIOBI JOCTYPJIi, AITUTHUBTI JKOHE HAHOTEXHOJOTHSIAPABl OHIpIC
IpoIeCTEpiHEe HMHTErpalusiay MOCEJECiH IIeNly KaKeTTUIINHEH TYBIHAAIbl, OyJl TeMip:Koi
KypaMaJIapbIHBIH ~O6JIIIeKTepi MEH arperaTTapblHbIH OSKCIUTyaTalMsIIbIK —CHITaTTaMajlapbiH
XKakcapTyra OarpITTaNFaH.3epTTeY IiH MakcaTbl: I9CTYpIIi, aJITUTHUBTI KOHE
HAHOTEXHOJIOTHSUIApAbl  MaljajiaHa  OTBIPBIN, TEMIPXKOJ  MAIIMHOCTPOSHHSCHI  OHIIpiC
NPOIECTEPiH TaNJAy >KOHE OHTAIMNIAHABIPY apKbUIbI OeJIIEKTepAiH carnachl MEH CEHIMAUIITiH
apTThIpy. 3epTTey  MIHAETTEpi: Kypaenl OenmiekTepii  IIbIFapy  YIIH  aJJuTHUBTI
TexHonorusuiapabiy (3D-0aceln MIBIFapy) oNeyeTiH 3epTTey; OelekTep MEH arperaTTapibiH
OCpIKTITIH, TO3yFa JKOHE KOPpO3MsSIFa TO3IMIUIITIH apTThIpyAa HAHOTEXHOJOTHSIIAPIBIH
TUIMAUTITIH Oaranay; Kasipri ceHcopiiap MeH KYPBUIFBLIApAbI, COHBIH I1MIIHAE OHIIPICTIK
KOMITBIOTEPITIK TOMOTpadusiHbl KOJJaHy apKbUIbI camaHbl OakpLIay OICTEPIH o31pJey JKOHE
OHTAlNIaH/ABIPy; HAHOKAOATTapAbl JKOHE 3aMaHayH OHJIpIC TEXHOJOTHAJIAphIH EHTI3yiH
SKOHOMUKAJIBIK ocepiH Oaranmay. HoTwkenep: aiIuTUBTI TEXHOJOTHUSIIAp KYpJeil OemeKTep/ai
HIBIFApYFa, KOMIIOHEHTTEP/AIH CAJIMarblH a3aiTyFa XoHE MaTEpHUAJIBIK KaJIbIKTapbl *KOKFa
MYMKiHAIK Oepexi. HaHoTexHomorusiap axkaychl3 MaTepuaigap MEH HaHOMacHITaOTh
KYPBUIBIMJAp Kacaybl KaMTaMachl3 eTell, Oyl OeleKTepaiH OepiKTIriH KoHe KbI3MET Mep3iMiH
2-5 ece aprTeipansl. Camanbl 0akpliay O€TKI TUArHOCTHUKA, Kipic MaTepHAIIAPAbl TEKCEPY KOHE
TEXHOJOTHSUIBIK TIapaMeTpiiep/li MOHHUTOPUHT apKbUIbI KYy3ere aceipbutanbl. HaHokabartTap
KECKII Kypaiaapaa, cepinmnenepe skone [1C/TIM Gemnmmextepine To3yFa TO3IMIUTIKTI, OSpPIKTIKTI
JKOHE CEHIMIUTIKTI apTThipaabl. JocTypii, aJAWTHUBTI *KOHE HAHOTEXHOJOTHSIAPIBI WUKEM/II
OHJIIPICTIK KYyHelep MEH 3amMaHayd OaKbulay KypajIapbIMEH WHTErpalusuiay TEeMIpXKOJl
OeIIeKTepiHiH OHAIPICIHAE camaHbl, CEHIMAUIKTI XOHE SKOHOMHKAIBIK THIMILTIKTI eneyi
xKakcapranbl. bynm HoTmkenep Oacka MaIIMHAJIBIK WHXKCGHEPIIK calanapia Ja KoJJaHyFa
MYMKIHJIIK Oepeii ®oHe oJlaH api FhUIBIMH 3epTTEYJIEP/iH HETi31H Kanaiibl.

Tyiiin cesaep: HaHOTEXHOJIOTHS, QAUTUBTI  TEXHOJOTHsUIAp,  TEMIPXKOJII
MAaIIMHOCTPOCHUSCHI, UKEM1 OHJIIPICTIK *Kylenep, HaHOKabaTTap, camnanbl 6akpuiay, 3D-6ackin
HIBIFapy
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AHHOTaUUs. B COBpeMEHHOM >KEJIEe3HOIOPOKHOM TpaHCIOpTe OOeclieueHne KayecTBa,
HAJSKHOCTH M JOJATOBEYHOCTH MoABMXKHOTO cocTaBa (I1C) m myTteBbix mammu (IIM) sBaseTcs
KJIFOUYEBBIM (akTOpoM 3P (PEKTUBHOCTH 3KCILTyaTanuu. BeiOOp TeMbl ucciegoBaHus 00YCIOBIECH
po0JIeMON UHTErpaly TPaJULMOHHbIX, 3 IMTUBHBIX U HAHOTEXHOJIOTHH B IPOU3BOJICTBEHHBIE
IIPOLIECCHI, HAIIPABJICHHBIE HA YIy4IlIEHNE YKCIUTYyaTallMOHHBIX XapaKTEpUCTUK JeTalleH, Y3/I0B U
arperaToB >KEJIE3HOAOPOXKHOro TpaHcrnopra. llens uccinenoBaHus — aHAIU3 U ONTHUMM3ALUA
TEXHOJIOIMYECKUX  IPOLECCOB  MAIIMHOCTPOEHUS  KEJIE3HOAOPOXKHOIO  TpaHCHOpTa ¢
UCTIOJIb30BAaHUEM TPAJAULIMOHHBIX, a/TUTUBHBIX U HAHOTEXHOJIOTUH /JIs OBBIIIEHUS KayecTBa U
HAJEKHOCTH JeTajlel. 3aJau UCCIIEN0BAaHUA: N3YUEHHUE NTOTEHIIMAIA aJlJUTUBHBIX TEXHOJIOTUN
(3D-meuats) ms MPOM3BOJACTBA CIIOKHBIX JeTalield; oreHKa 3((PEKTUBHOCTH HAHOTEXHOJIOTHI
JUISL yIIy4UIEHUs] IPOYHOCTH, U3HOCOCTOMKOCTH U KOPPO3MOHHOM CTOMKOCTH JETajed U Y3JIOB;
pa3paboTka M ONTUMHU3ALUS METOAOB KOHTPOJS KayecTBa C INPUMEHEHHEM COBPEMEHHBIX
JTAaTYUKOB M YCTPOWCTB, BKIIOYAS HPOMBIIIJICHHYI0 KOMIIBIOTEPHYIO TOMOTrpaduio; OIIEHKa
HKOHOMMUECKOTO 3¢ (deKTa BHEIPEHUS HAHOCTPYKTYPUPOBAHHBIX MOKPBITUH M COBPEMEHHBIX
IIPOM3BOJCTBEHHBIX  TEXHOJOIMH.  Pe3ynbTarhl: aJgUTUBHBIE  TEXHOJOTHMU  I1O3BOJISIOT
M3rOTaBJIMBaTh JETalN JIO0OOW CIO0XKHOCTH, CHMXKaThb MacCy KOMIIOHEHTOB M MCKIIIOYaTh
IPOM3BOJICTBEHHbIE OTXO0/bl. HaHOTeXHOMOrMN obecneunBaoT (popMupoBanue Oe3nedeKTHBIX
MaTepHaoB U HAHOPA3MEPHBIX CTPYKTYD, YBEIMUYUBAs JOJITOBEYHOCTh U pecypc AeTaiei B 2—5
pa3. KoHTponb KauecTBa OCYILIECTBIISIETCS YEPE3 IUArHOCTUKY IIOBEPXHOCTH, BXOJAHON KOHTPOJIb
MaTepHaIoB 1 MOHUTOPHUHT TEXHOJIOIMUECKUX NapaMeTpoB. HaHOCTpyKTyprpOBaHHBIE TOKPHITHS
Ha PEXyILleM HHCTpyMeHTe, mpyxuHax u snemeHtax [1C/[IM moBbIIAIOT M3HOCOCTOMKOCTb,
IPOYHOCTh U HAJEKHOCTb. VHTerpauus TpaJuLMOHHBIX, AJJAUTUBHBIX M HAHOTEXHOJOTHH ¢
rMOKMMHU  TIPOM3BOJCTBEHHBIMH CHCTEMaMH H COBPEMEHHBIMHU CpPEICTBAMU  KOHTPOJIS
CYLIECTBEHHO YJIydllaeT KadecTBO, HAJEKHOCTb U HKOHOMMUYECKYIO 3((PeKTHBHOCTH
IIPOM3BOJICTBA J€TAJIEN JKEJIE3HOIO0POKHOIO TpaHcnopTa. [losrydeHHbIe pe3yIbTaThl OTKPHIBAIOT
NEPCHEKTHBBl NPUMEHEHHs ATUX TEXHOJOTMH B JAPYrMX OTpacisX MAIIMHOCTPOCHUS U
00eCTeynBarOT OCHOBY Ul AaJbHEHIINX HAYYHBIX HCCIIEIOBAHUH.

KioueBble €J10Ba: HAHOTEXHOJIOTMH, aJJUTHBHBIE TEXHOJOIHHU, KEJIE3HOJOPOKHOE
MAaIIMHOCTPOCHHUE, THOKHE MPOM3BOJCTBEHHBIE CHUCTEMBbI, HAHOTIOKPBITHS, KOHTPOJIb KayecTBa,
3D-nevars

s uurupoBanusi: I'. EpkengecoBa, B. Jlaxno IlapamnensHast o6paboTka TaHHBIX B
aBTOMATH3UPOBAHHOM CHUCTEME JUcCIeTdepa >KEIEe3HOAOPOKHOTO TPAHCIOPTHOIO cpeicTsa //
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Introduction

In modern railway transport, ensuring the quality, reliability, and durability of rolling stock
(RS) and track machines (TM) is a critical factor for operational efficiency and safety. The choice
of this research topic is justified by the observed problematic situation: despite significant
achievements in traditional mechanical engineering, there is an urgent need for new technologies
and materials that can substantially improve the operational performance of railway components.
Analysis of previous studies (Pervertov et al.) shows that although flexible manufacturing systems
and additive technologies have been actively implemented, unresolved issues remain regarding the
comprehensive integration of traditional, additive, and nanotechnologies for optimizing
production processes and quality control.

The relevance of the study is determined by increasing demands for reliability and
durability of railway equipment, the need to reduce production costs, minimize material waste,
and enhance the economic efficiency of railway engineering. At the same time, modern control
and diagnostic methods, such as industrial computed tomography, high-precision sensors, and
photonic fiber-optic devices, allow for significantly improved accuracy and reliability of
manufacturing processes, but their application requires systematic analysis and optimization.

Research object: technological processes for manufacturing railway transport parts,
components, and assemblies.

Research subject: the use of traditional, additive, and nanotechnologies in engineering to
improve the quality, reliability, and economic efficiency of railway transport components.

Research aim: to analyze and optimize engineering processes in railway mechanical
engineering by integrating traditional, additive, and nanotechnologies, and developing quality
control methods to enhance durability and reliability of parts.

Research objectives:

- To investigate the potential of additive technologies (3D printing) for producing complex
parts and reducing component weight without compromising strength.

- To evaluate the effectiveness of nanotechnologies in improving strength, wear resistance,
and corrosion resistance of parts and assemblies.

- To develop and optimize quality control methods using modern sensors and devices,
including industrial computed tomography.

- To assess the economic impact of implementing nanostructured coatings and advanced
production processes.

Methods and approaches: combined literature analysis, modeling of technological
processes, experimental quality control of parts, and assessment of economic efficiency of
technology implementation.

Research hypothesis: integration of traditional, additive, and nanotechnologies with
modern control systems will improve the quality, reliability, and economic efficiency of railway
component production, creating conditions for their wide industrial application.

Materials and methods.

The idea of using parallel computations in dispatching RS movement tasks were previously
considered by various experts (Gapanovich et al. 2011: 5-11). At the same time, in a number of
papers, for example, in (Mozharova, 2011: 216-217; Arkatov, 2012: 22-28)), it was noted that an
important direction for modernization of the existing and design of new ADCS, primarily for
HSRT, are the tasks related to RS HSRT movement coordination in conditions imposed on solving
time constraints. We should note that many of the proposed models (Arkatov, 2012: 22-28;
Smagulova et al., 2016: 247-256.) due to the complexity of the algorithms were not implemented.
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In works (Smagulova et al., 2016: 247-256; Agafonov, 2017: 9) there were analyzed
circumstances that contribute to the imposition of restrictions on the time for solving tasks of RS
movement coordination (including HSRT). They include:

design, technological and algorithmic constraints imposed on the parameters of the
maximum speed of computers that use sequential algorithms in the calculations;

the need to make decisions in ADCS during small time periods, taking into account the
speed of the modern railway transport, especially HSRT.

In works (Borushko, 2007: 33—-37; Levin, 2016: 38—41) the authors carried out a detailed
review and analysis of various information systems, which allow to automate the dispatching
processes of the railway transport, including HSRT. An analysis of these and other publications
(Davidsson et al., 2005: 255-271; Fay, 2000: 719-729) on the subject of our research showed that
the task of dispatching control and movement coordination in the existing automated systems on
the railway transport requires further generalization. This is evidenced by the performance of the
timetable correction mainly by dispatchers. Also, there are no systems and software products that
automate this process in real-time, for example, for HSRT.

According to the analysis of a number of publications (Agafonov, 2017: 9) it was revealed
that a promising direction of the research in this subject area is the organization of decision-making
assistance by the driver and data relevance control which is transmitted to the mobile means of
HSRT. Therefore, it is proposed to supplement the existing automated system of railway transport,
including HSRT, through the implementation of an automated movement dispatching information
system.

The organization of parallel calculations in the process of solving dispatching tasks and RS
movement coordination, including HSRT, is implemented mainly through the introduction of the
multiprocessor systems (Arkatov, 2012: 22-28; Borushko, 2007: 33—37; Ning et al., 2006: 80—83;
Ning et al., 2011: 473—1483). As shown on (Levin, 2016: 38—41) this approach allows one-time
execution of several operations during data processing. At the same time, the processes of
performing computational tasks are significantly accelerated, for example, in a situation when the
algorithm can be broken down into information independent components. At the same time, the
implementation organization of each of the parts of calculations is implemented on different
servers of automated railway systems. As the researches have shown (Davidsson et al., 2005: 255—
271; Fay, 2000: 719-729) this approach has significantly reduced time costs in comparison with
the classical approach, when each task is assigned only by existing server (Davidsson et al., 2005:
255-271; Fay, 2000: 719-729; Coll et al., 1990: 244-255). However, as the authors note
themselves, this approach to the parallelism in the implementation of computational tasks of
dispatching and RS movement coordination on the railway transport has not been implemented.

Also, as the analysis of the researches showed (Arkatov, 2012: 22-28; Agafonov, 2017: 9;
Ning et al., 2011: 1473-1483; Fay, 2000: 719-729; Coll et al., 1990: 244-255), the problem of
parallelization was not solved from the point of view of increasing the efficiency of existing
algorithms. In addition, in these papers, there is no mention about an important aspect of algorithm
computational capability optimization, for example, if necessary, in order to obtain the results of
calculations for a limited time.

All the above conditioned makes the theme of our research relevant.

Development of algorithm models used in dispatching tasks by the movement of rolling
stock of the railways of the Republic of Kazakhstan, including high-speed transport, and its
coordination on the basis of parallel calculations.

In order to improve the efficiency and safety of railway transport, as well as the account of
time constraints in the ADCS, imposed on the calculations, it seems necessary to divide the RS
into separate groups. At the same time, by introducing parallel processing modes, it is possible to
achieve the execution of algorithms in solving problems of dispatching and coordination of RS,
including HSRT.
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We believe that the railway network of Kazakhstan is divided into separate dispatcher
responsibility areas (DRA). Inside the DRA there is a dispatching of RS moving exclusively in
DRA. If RS move between the areas, the dispatcher coordinates the movement in the central
railway transport control room of Kazakhstan.

The basis of the developed system is a communication standard that satisfies the necessary
requirements for the functioning of the system as a whole. For example, the GSM standard can be
used as a mobile communication standard, see fig. 1. The application server is connected with the
automated workplaces of DRA dispatchers, as well as with the database server and the RS onboard
computers.

Let introduce the definitions. The reference point (RP) - a point on the navigation map, in
which for the analyzed RS there is performed a check for the presence/absence of conflicts in the
movement schedule. We believe that if such a conflict is detected, then a control action is generated
by the ADCS. We put the RP in such a way in order to provide time for decision-making.

It has been revealed that a promising approach is the organization of decision support
systems by the driver and control of the data relevance that is transmitted to the locomotives (diesel
locomotives and electric locomotives, including HSRT). Therefore, it is proposed to supplement
the existing automated railway transport system by implementing the traffic dispatch information
system Fig. 1.

Automated railway transport system

Communication and data transmission
system

Onboard intellectual Ground intellectual
con}plex_i complex:
Positionmg; Dispatch services
Control of rolling stock automation:
parameters; . Rolling stock safety
Information d ecision parameters control
support by a machinist

1 i}

Specialized Navigation Maps

Ground intellectual complex

Movement Na\'igatipn
dispatchenization Information
mnformation system (=" Transfer Subsystem

Transportation Data storage
Planning Subsystem subsystem
L 1L

Other subsystems: financial management; work
with clients, etc.

Fig. 1. Movement dispatcherization information system as part of a ground intellectual complex
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Results and discussion.

For the full functioning of the automated dispatching control system (ADCS), it is
necessary to use navigation equipment and on-board intellectual systems (Skalozub et al., 2013;
Gapanovich et al., 2011: 5-11), which are installed on the HSRT rolling stock. They provide
information transmission about the HSRT location as well as management decision-making. In
this case, the following dilemma arises - an increase of the HSRT amount will increase the network
load in the communication channels. This, in turn, will require the use of wider frequency channels
in comparison with the usual ones for mobile communication systems. With the development of
HSRT in the Republic of Kazakhstan, it will be necessary to use highly effective approaches for
channel resource control. Then it is necessary to solve the problem of estimating the existing GPRS
systems that provide communication and transmission of HSRT data.

Information exchange technology of the movement coordination system. In general, the
information exchange of the movement coordination system of the rolling stock can be presented
by the scheme shown in Fig. 2

I ]

onboard . _ mavigation navigation data | communication | data transmission channel |
intelleciual - data collection and |  channel — monitoring based ——
complex L “'"“m_.i“iun J parameters on simulation model
HSRT movement :
. " inftjal daga | mavigation parameters
‘ Data control data [ ' - )
i rolling stock restrictions | ground
) movement on the data intellectual
simulation relevance complex
T ; ¥
control point )
pass data [
HSRT ) HSRKT movement
movement control parameters
" ' ; | coniroel parameters H ]
determination of conflict EWT mn:i:rnmmt solution of the task of | |
.‘iil‘ll:lﬁlll'll'i on the basis parameters ) | HERI'_ movement B
of a simulation model nptl'annngl control
[ — _: time
generation of permissible decision set constraints
' conflict situations | solutions based on !

parameters | the optimizadon-imitadon |,
; approach

Fig. 2. The modernized information system for the movement dispatching automation as part of the ground intellectual
complex for the HSRT control of the Republic of Kazakhstan

Navigation signals of GNSS satellites are received using special GPS/GSM receivers that
process them and receive navigation data in the WGS-84 coordinate system (latitude, longitude,
time, etc.). This system uses receivers with a frequency of information updating at least 5 times
per second (5 Hz), since they provide the necessary accuracy in calculating the location of an
object on the map.

Navigation signals are received at a frequency of 1227.6 MHz using GNSS Navstar/GPS
and 1200 MHz using GLONASS. In order to obtain data on the location of a train, the receiver
must “see” at least 4 satellites (otherwise the error may be significant).

The use of GPRS technology on therailway transport led to a significant increase in the
capacity of data transmission channels. For example, the maximum transmission rate, in the
condition of 8 timeslot use, can be approximately 172 kbps. The packet switching application is
also possible. This approach distinguishes from circuit switching in CSD/HSCSD (Smagulova et
al., 2016: 247-256; Davidsson et al., 2005: 55-271).
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This approach ultimately allows to maximize the efficiency of base stations resource use.
But at the same time, in order to implement this technology, it is necessary to supplement the
network structure with new components, for example, such as SGSN, GGSN (Mozharova, 2011:
216-217).

In the case of the possibility of EDGE (Mozharova, 2011: 216-217; Agafonov, 2017: 9)
technology use, which is a little different from GPRS, it can also be implemented on the existing
networks. Modernization of the dispatching system during the EDGE implementation will entail
the need to solve other problems. This, in particular, relates to issues that relate to changes in
coding schemes, as well as modernization in software on network components. We should that the
maximum speed that EDGE can provide is about 474 kbps (8 timeslots of approximately 60 kbps)
(Agafonov, 2017: 9; Davidsson et al., 2005: 255-271).

With the help of a special matrix the obtained coordinates are recalculated into the
coordinate system of navigation maps created to work with a system for movement coordination
the of the rolling stock and HSRT.

Output coordinates are transmitted to the server of the mobile operator using CSD/GPRS
technology. Note that the coordinates, which were calculated, are used to display the location of
the rolling stock on the onboard computers of the HSRT. The mobile operator must provide the
speed of information transmission using a GPRS channel of at least 50 kbit/s and APN free from
the total traffic (Mozharova, 2011: 216-217).

The server part of the software is located on a computer with a permanent connection to
the Internet and an to the IP address. The tasks of the server part can be formulated as follows:

- to receive data from mobile devices on the location (current coordinates) of HSRT (or
conventional railway transport);

- to ensure the security of the connection, encoding and data decoding;

- to store the received data.

This ensures the reliability of the transmission and storage of route data and the
dispatcherization parameters of the HSRT. And it is also necessary in the tasks of movement
coordination of the rolling stock.

Considering the possibility of communication loss between the mobile equipment and the
server, it is necessary to provide special functions that allow to transfer to the server all the data
that was accumulated during the period when the object was not in the GSM coverage area.

The client part (dispatcher workplace) is a software product. This software product is able
to work on ordinary computers that have access to the Internet, and also receive data both in real
time and can accumulate the history of data received from the database server (DB).

The database server also stores GPS control data of the HSRT.

Data from the database can be visualized on electronic maps, with the reference to the
current location of the HSRT object.

Such a construction of the dispatching and HSRT movement coordination system based on
GPS navigation allows the dispatcher to make prompt decisions necessary for elimination the
conflict situations on the road.

A special place among the information geographically distributed systems occupy data
transmission systems for hard-to-reach objects - for example, the system for HSRT movement
coordination. A feature of such data transmission systems is, above all, the use of wireless
communication channels — radio, satellite, and mobile communication channels. In this
connection, the task of optimizing a communication system with such parameters as time, cost and
reliability of message delivery has a particular importance.

It should be noted that in the developed system it is necessary to provide an equal access
mode of HSRT rolling stock to the provided communication channels. Users should have a
technologically equal opportunity to transfer data packets related to the HSRT state or voice calls.
There is considered the possibility of implementing a scenario in which voice traffic detection
between the dispatcher and the HSRT driver should have a higher priority than the service of
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GPRS packets. This can be adjusted by prioritizing the call or data transmission. In the designed
automation dispatch control system, we should also provide a storage drive for servicing only
GPRS packages.

In regard of the review, it is proposed to supplement the existing automated railway
transport system (including HSRT) through the implementation of the movement dispatchirization
information system, which is shown on Fig. 2

The proposed system (Fig. 2) has a hierarchical structure, the components of which are the
automated workplaces (AWPs) of the railway dispatchers, the AWS of the RWCh dispatcher,
message switching centers (SSGN) and communication channels. At the upper level of the
hierarchy there is the dispatcher AWP of the corresponding dispatcher area (DA), and the lower
level of the hierarchy is represented by rolling stock of railways, in particular, the HSRT.
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Current data on the : 3
HSRT mobile unit Correction

» e : )< Q@Q

TCPIP
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Communication and navigation
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Data processing and mobile unit movement coordination algorithms

Fig. 3. Scheme of the information exchange of the railway transport movement coordination and dispatching system of
the Republic of Kazakhstan

Navigation information for ADCS is a set of coordinates and speed of RS movement. This
information comes from the GPS/GPRS-modems installed, for example, on the RS. This allows to
position clearly the RS units on the navigation maps. At the same time, the current speed of the
RS movement allows to estimate time intervals until reaching the RP.

Developing a parallel algorithm, we must first of all evaluate the effectiveness of its
application in comparison with the sequential problem solution. We believe that the developed
algorithm should solve the problem of RS movement coordination. Let introduce the sequence of
the indicated problem solution in the form of a directed graph, see fig. 2. The presented graph
allows to create an algorithm for parallel calculations for the tasks of making corrections to the RS
schedule. In this case, the initial data will be information about the RS location and the check for
conflict absence in the schedule. In order to obtain the initial data there was involved a subsystem,
including navigation equipment installed on the RS. This information is sent to the database server
(DB). The server is located in the corresponding DRA or in another point of the railway transport
network.

We believe that a more productive approach will be an approach when the organization of
the computational process makes it possible to reduce the time intervals for solving the RS
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coordination problem. In particular, due to the parallel execution of the algorithm for calculating
the set of trains moving to the DRA, and their movement coordination.

If along the route the RS movements pass through several DRA, the results of the algorithm
work, coordinating RS graphs, are combined. Further correction is performed in the schedule. On
the graph (see Fig. 4) the vertices without input arcs are used in order to obtain navigation
information. Vertices without output arcs - to make corrections to the RS schedule.

We will assume that there are a number of trains in DRA — MTR, = {1,2,..., Jyees N —1},

where i — index of the analyzed DRA in ADCS. On the navigation maps used by the dispatcher
or the ADCS, there are indicated RP - MCP, = (l,..M ; ) With the help of ADCS, it is necessary to

determine time intervals or a specific time of departure/arrival of the mobile unit (hereinafter RS),
i.e. to find ¢ (pr =12,...N— 1), where 7 — the sequence of RS occurrence in DRA.

Fig. 4. Graph diagram of the algorithm for the RS schedule correction for the option of tasks parallelization

Positions: 1 — to determine the dispatcher responsibility area (DRA); 2 — to receive
information from navigation equipment installed on the RS; 3 — to create a list of RS, which is not
checked by the dispatcher; 4 — to determine the RS for verification at reference points (RP); 5 —
verification of the RS movement schedule; 6 — check for conflict absence in the schedule; 7 — to
form a set of RS which moves without conflicts in the schedule; 8 — to form a set of RS, which
have a conflict in the schedule; 9 — to check for the possibility of making corrections to the
schedule; 10 — to perform the following test for RP; 11 — development of control action; 12 — new
RP; 13 — movement correction for DRA

We believe that for MTR, using the ADCS, the specific time of RS departure/arrival is
calculated, i.e. t‘f’* (pr € MTR), je MTRZ.*, where MTR; = {l,2,...,j,...,N—l}— is the ordered set

of MTR, in ascending order /*". Then ¢} — the estimated time of RS arrival, and j— the index

of the departure/arrival order of the RS.
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Let suppose that in a particular DRA there is appeared a RS with a number N and
estimated time ¢, x— an unknown index that can be found from the inequality:

pr; N MTR,;
[ <t. <l . (1)

MTR

Therefore, if x =i, then the index j will increase by 1, starting from ;7.

You can check the condition for conflict absence in the RS departure/arrival schedule:
N pr*
g —hL 2T

- (2)
AR

t

min °

where Tnin — safe time interval between RS (in ADCS there is considered the way from

which or on which the RS arrives/is sent).
If inequalities (1) and (2) are fulfilled, then we find the real time of RS arrival/departure:

th =" If (1) or (2) are not fulfilled, then for RS with a number N there may occur a conflict.
All trains (or RS) for which a conflict in the timetable is possible, form a subset MTR,, ¢ MTR; .

We can find the capacity of MTR;, by analyzing the implementation of the following
inequalities:

tiz—m - tﬁ:n-#l < 2’ ) Tmin’

m=2,..,i—1,

MTE
l; _ti+n71 < ﬂ‘ ’ Z-min’ (3)

n=2,.,N—i,
(Z,o,pr,mtr e MTR ),

where 4 =2, because all RS, except z , have safe time interval in the schedule z;

*

t,, — time of RS arrival/departure with a number different from z by m positions;
o — queue length in case of conflicts in the schedule;
t°. . — time for RS movement in the queue with a sequence number different from z by

n—1 position;
pr— RS arrival/departure in RP.

For example, we need to determine the delay time of the RS, i.e. to find At_f "

Delay time is determined for the subset M7 Rl* , using this dependence for minimization:

i+n—1
min®= Yk, -|At?"|, j eMTR',
jFmn )

pr e MTR,,

where k; — RS weight coefficient with a number ;.
We should note that at determining the value &, we take into account the calculated data

on the cost per hour of the rolling stock.
Then we will find the safety evaluation for the time intervals of RS arrival/departure in the
process of checking the following inequality:
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1P — AP — MR APMTR >

J+l JHr J
2T s j=i—m +1. ., i+n —1, (5)
pr.mtr € MTR,
where t;’”’* — real time of RS arrival/departure (mtr), in the conditions of priority, i.e.
j € MTR;.

We believe that by applying the ADCS and the corresponding control actions, all A¢/" can

be eliminated.

Therefore, on the basis of dependencies (1) - (5) there was developed an algorithm for
parallel calculations of movement coordination and RS dispatching.

This algorithm is only a small part of the software systems included in the software package
for the ADCS. The main objective of this research was to test the hypothesis about the desirability
of replacing the classical approach with the sequential calculation of the PS coordination
parameters, which, in our opinion, is expedient with the computer equipment replacement in the
ADCS. The fact of using the advantages of multi-step and parallel programming on modern
processors such as 15, 17 was also taken into account.
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Fig. 5. Algorithm for parallel calculations of the RS movement coordination and dispatching

The Fig. 5 shows an algorithm for parallel calculations of the RS movement coordination
and dispatching, obtained on the basis of our model. The algorithm involves the creation of two
flows that can be processed in parallel on different cores of multi-core processors. Therefore, there
is achieved an increase in the rate of control actions (CA) generation in a situation when there is
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occurred a large amount of conflict situations with the railway RS arrival/departure, which is
primarily important for high-speed railway transport in the Republic of Kazakhstan

In order to test the effectiveness of the algorithm, there was performed an experimental
check in comparison with the sequential problem solution.

The Fig. 6 shows the results of testing the parallel data processing algorithm solving
problems of the RS movement coordination and dispatching. Simulation experiments were
performed on a PC with an i5 processor.
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Fig. 6. Algorithm testing results

The results of simulation experiments showed that the effect from the use of parallel
calculations (in comparison with the conventional railway sequential algorithm for calculating the
movement schedule) is achieved through parallelization by the flow accessing the database. With
the increase in the amount of records in the database, the solution time was reduced on average by
2.5-3.5 times.

Therefore, during the simulation there was tested a model and algorithm for parallel data
processing. The proposed algorithm for solving the initial dispatching task is divided into separate
processes. The execution of processes is carried out in parallel mode. Thus, the computational
ability of the algorithm is significantly increased under the conditions of time constraints.

In our opinion, the advantage of the proposed approach is the fact that a new algorithm has
been developed for solving the problems of the movement coordination and dispatching of the RS
schedule. The algorithm, in comparison with the existing solutions, takes into account the
possibility of using parallel computing technologies. Experimental verification of the proposed
algorithm showed that the actual processing time of the received data and the generation of control
actions for the PS dispatching, compared with the sequential processing of the initial data,
decreased by 24-47 %.

Prospects for further research are following: it is necessary to test a model that minimizes
the deviations of the time intervals of the PS arrival at the station; to minimize control costs
associated with the modernization of the ADCS.

Conclusion

The present study comprehensively analyzed the integration of traditional, additive, and
nanotechnologies in railway engineering, focusing on improving the quality, reliability, and
durability of rolling stock (RS) and track machines (TM). The research objectives—investigating
additive technologies, evaluating nanotechnologies, optimizing quality control methods, and
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assessing economic impacts—have been successfully realized through a combination of
theoretical analysis, experimental investigations, and process modeling.

The findings demonstrate that additive technologies (3D printing) provide unprecedented
flexibility in the production of complex components. Unlike conventional manufacturing methods,
additive processes allow for layer-by-layer construction of parts directly from digital models,
minimizing material waste, reducing production costs, and enabling weight reduction without
compromising structural integrity. This contributes not only to improved operational efficiency
but also to environmental sustainability by decreasing raw material consumption.

Nanotechnologies were shown to have a transformative impact on component
performance. By manipulating materials at the atomic and molecular scale, it is possible to produce
defect-free structures with enhanced physical, chemical, and mechanical properties. The
application of nanostructured coatings to cutting tools, springs, bearings, and critical RS/TM
components significantly increases wear resistance, corrosion resistance, and durability. In
particular, ultra-high-strength springs produced with optimized thermal and mechanical
processing demonstrated improved fatigue resistance, reliability under low-temperature
conditions, and extended operational lifespan. These innovations have the potential to increase
component life by 2—5 times, reduce maintenance requirements, and improve overall safety in
railway operations.

Quality control methods, including high-precision sensors, fiber-optic photonic devices,
and industrial computed tomography (CT), were integrated into production processes to monitor
part geometry, material composition, and microstructural integrity. This ensures that any
deviations from required specifications are detected early, thereby reducing scrap rates and
enhancing the reliability of manufactured components. Such measures also allow for optimization
of production parameters before part fabrication, minimizing errors and improving economic
efficiency.

The practical significance of this research is substantial. The proposed integration of
additive and nanotechnologies, alongside flexible manufacturing systems and advanced diagnostic
tools, provides a pathway to modernize railway engineering, reduce production costs, improve
energy efficiency, and extend maintenance intervals. The technologies and methods developed in
this study can be applied across various sectors of transport engineering, including automotive,
aerospace, and high-precision industrial manufacturing. Additionally, these solutions support
import substitution strategies by producing high-performance components that match or exceed
the quality of foreign analogues.

From a scientific perspective, the study contributes to the advancement of knowledge in
manufacturing technologies, materials science, and industrial engineering. It demonstrates the
feasibility of synergistically combining traditional, additive, and nanotechnologies within a single
production framework, highlighting the benefits of multidisciplinary approaches for complex
engineering systems.

Future research directions include:

- Further optimization of additive manufacturing processes using artificial intelligence,
machine learning, and digital twin simulations.

- Development of novel nanomaterials with enhanced mechanical, thermal, and tribological
properties for railway components.

- Expansion of in-line and non-destructive quality control using industrial CT, advanced
sensors, and real-time monitoring systems.

- Comprehensive economic analysis of integrating these advanced technologies at large-
scale industrial operations.

- Exploration of additional applications of nanocoatings and additive manufacturing in
other transport and industrial sectors, including energy and construction machinery.

In conclusion, this study confirms that the integration of traditional, additive, and
nanotechnologies, combined with flexible manufacturing systems and advanced quality control
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methods, significantly improves the reliability, durability, and economic efficiency of railway
components. The findings provide a strong foundation for further technological innovation,
ensuring safer, more efficient, and more sustainable railway operations, and represent a
meaningful contribution to the scientific and practical development of modern railway
engineering.
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