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Assessment of the current state of the solved scientific or scientific and
technological problem.

The value of transport, incl. railway transport in Kazakhstan is very large.
More than 68% of the total freight turnover and more than 57% of the country's
passenger traffic are accounted for by railways. At the same time, the share of
passenger traffic annually is up to 20% (about 15 billion pkm) compared to the
freight turnover of rail transport.

To date, the depreciation of the locomotive fleet of Kazakhstan is more than
75%, and passenger cars - 50%.

Accordingly, the renewal or modernization of the existing locomotive and
wagon fleet will increase the speed of passenger traffic and improve the logistics of
rail transportation.

All this is possible as a result of solving research problems by improving the
design, design and manufacture of parts of assemblies and mechanisms using
machine-building technologies.

Correspondence of the topic with the directions of the development of
science or state programs. The dissertation work was carried out within the
framework of the research work: Improving the dynamic qualities of the train

through the introduction of pneumatic elastic elements.

Relevance of the topic. On an ongoing basis, incl. At the level of the
Government of the Republic of Kazakhstan, the issue of organizing high-speed
traffic between the cities of Kazakhstan is being worked out. To implement this
ambitious project, it is necessary to develop the work of not only border stations in
Kazakhstan, but also to strengthen all internal railway lines in order to increase
capacity.

Given the growing interest of European and Asian states in the transit of their
goods through the territory of Kazakhstan along the China-Europe route, the
realization of the transit potential is also one of the priorities of the country's
economic policy.

At the same time, it is considered especially relevant to improve passenger
communication between cities by introducing high-speed passenger traffic. JSC
«NC KTZ» constantly increases the speed of trains. From 2012 to 2017, the average
speed on the network increased from 41.9 km/h to 44.2 km/h.



As the analysis of the annual financial resources allocated for the
strengthening of the railway infrastructure shows, further reduction of the travel time
requires more and more funds.

In 2010, in accordance with the instructions of the management of «<NC KTZ»
JSC, in order to prepare the main infrastructure for ensuring high-speed passenger
traffic, an action plan was developed, which provided for implementation in 2 stages:
with the organization of traffic at a speed of 140 km/h and until 2020 at a speed of
200 km/h. Until today, the speed of passenger traffic has not reached this intended
goal.

With the existing structures of railway tracks in Kazakhstan, it is very difficult
and relevant to compensate for the negative effect of centrifugal forces on curves,
despite the presence of certain values of the elevation of the outer rail, which can
compensate for the emerging centrifugal forces only up to a certain speed.

To do this, it is necessary to develop an approach that, with a minimum
expenditure of time, effort and money, can reach an increase and acceleration of
passenger traffic. This approach, and the only one, is the modernization of the design
of mechanisms and machines of existing rolling stock, allowing to achieve the
desired result.

Scientific substantiation of technical requirements for machines and
mechanisms that provide high-speed movement, for their stable and economical
design are relevant at the present stage. For some positions, solutions have not been
found until recently.

This paper provides a solution to the issue related to ensuring high-speed
traffic by modernizing the design of individual units and mechanisms of the existing

locomotive and wagon fleet using mechanical engineering technology.

Thus, this paper presents options for solving the issue related to ensuring
traffic speeds using large nodes and mechanisms of the Existing locomotive fleet
and substations in the construction of fast railways in Kazakhstan. In particular, the
study is aimed at finding opportunities with the use of structural components of
mechanisms and assemblies of locomotives and passenger compartments in
identifying their combination of characteristics.

Purpose of the study.

The aim of the work is to develop the design of individual mechanisms and
assemblies, as well as their manufacturing technology to increase the speed of
movement of locomotives and passenger train cars.

The object of the study is the mechanisms and components of a passenger
train with high-speed movement.

The subject of the study is the improved design of units and mechanisms of
railway transport, which allows to increase the speed of movement.

Research objectives.

In accordance with the goal in the dissertation work, the following tasks are
solved:

- a comprehensive analysis of studies on the disorders of the rail track of the
railway track under the influence of substations and vice versa, the processes of



oscillations in the nodes of locomotives occurring as a result of the dynamic impact
of the rails and the under-rail foundation of the track;

— study of the possibility of passing high-speed passenger trains on the
example of the Almaty-Astana section;

—research and improvement of the design of the nodes of the system of spring
suspension of the rolling stock;

- research and improvement of the system of inclination during the movement
of the rolling stock in a curve;

— design of the structure and manufacture of parts for mechanisms and
assemblies of the locomotive and the carriage of the passenger substation.

Research methods. In theoretical studies, the provisions of fundamental and
applied sciences are used: the theory of elasticity, the theory of mechanisms and
machines, theoretical mechanics. In experimental studies, physical modeling of the
motion of the rolling stock in curves, track deformations with the processing of
experimental data by methods of probability theory and mathematical statistics were
used.

Scientific provisions submitted for defense:

- systematized general patterns of interaction between the parameters of the
railway track and the substation, allowing to make constructive decisions to improve
their interaction;

—a modernized design of the spring suspension system, which allows reducing
the impact of the rolling stock on the railway track through the use of an additional
unit with pneumatic elements;

— created on the basis of kinematic synthesis, the design of the mechanism for
turning the car body, which allows to increase the speed of the substation by
adjusting the inclination of the car body when moving in a curve;

— justified elements of the design of the rack and pinion gear of the car body
turning mechanism, as well as the technology for manufacturing the materials of its
main parts.

Scientific novelty of the research:

— a systematic analysis of the established patterns of disorders of the rail track
track under the influence of substations and vice versa, dynamic processes in the
nodes of locomotives and wagons, occurring as a result of the impact of rails and the
under-rail foundation of the track, was carried out;

— a pneumatic spring suspension unit was developed and recommended for
Implementation for a specific series of a locomotive of the inventory fleet of
Kazakhstan railways;

—substantiated and developed technical solutions and a method for calculating
the structural elements of the car body turning mechanism for adjusting the inclined
position;

— selected and substantiated design elements of the rack and pinion gear of the
car body turning mechanism, as well as established technologies for manufacturing
materials for its main parts.

The validity and reliability of scientific provisions, results and
recommendations are based on the use of standard proven methods and research



methods, the use of physical laws, the high convergence of the results of theoretical
and experimental data, using methods of statistical processing of experimental
results with a high correlation index.

Practical significance of the work:

— the established patterns of the influence of the parameters of the under-rail
base of the track and the developed mathematical models of the processes of
oscillations of a diesel locomotive ensure the accuracy and reliability of the
calculations of the necessary parameters for improving the mechanisms and units of
railway transport;

- the methods used for designing the design of the mechanism for turning the
car body and the locomotive spring suspension unit can serve as a method for
calculating similar mechanisms and units of other types of locomotives and cars to
increase their speed of movement;

—the method used for calculating the design of the gear-and-rack transmission
of the car body turning mechanism, as well as the technology for their manufacture,
ensure the reliability of the functioning of the roll compensation system for
passenger cars during high-speed movement in a curve.

The results of the study were submitted for implementation in the production
of the branch of «JSC NC KTZ Almaty branch of SE», and are used in the
educational process in the preparation of students in the specialties "Engineering"
and «Transport, transport equipment and technologies» of the Kazakh University of
Railway Transport.

Applicant's personal contribution. The main results of the dissertation
submitted for defense were processed and presented by the applicant personally,
including the results of theoretical and experimental studies in the production
activities of JSC «NC KTZ» for the reporting period, the devices and principles of
operation and design of mechanisms and units of the substation, their individual
technical characteristics.

Approbation of the results of dissertations. The main provisions of the
dissertation and the results of the study were reported and discussed at scientific
seminars of the Department of Transport Engineering, Mechanical Engineering and
Standardization of the Kazakh University of Communications (2020-2022), as well
as at the following conferences: International scientific and practical conference on
the topic: «Innovative technologies on transport: education, science, practice»
(Almaty, KazATK named after M. Tynyshpaev, 2018); International Scientific and
Practical Conference «Transport of Eurasia of the 21st century: Modern digital
technologies in the market of transport and logistics services» (KazATK named after
M. Tynyshpaev, 2018): XV Miedzynarodowej naukowi-praktycznej konferenciji,
«Nauka i Inowacja» (Przemysl, Polska, 2019).

The results of this work are recommended by the department «Transport
Engineering, Mechanical Engineering and Standardization» for the release of a
textbook for students in the educational program «Transport Engineering and
Technology» and university teachers.

Publications. The main results of the dissertation work were published in 19
publications, including 11 articles in journals recommended by the Committee for



Quality Assurance in Education and Science of the Ministry of Education and
Science of the Republic of Kazakhstan; 3 articles in journals of the Scopus database,
2 articles in foreign scientific publications; 4 publications in International
conferences, 1 of which is foreign.

Contribution of the dissertation student to the preparation of
publications.

Drawing up plans for articles, writing sections, discussing research results and
conclusions, designing articles:

1 OLIGHKa BJIMSIHUS KAUECTBEHHBIX ITOKa3aTeJIeH UCIIOJIbL30BaHUA IIOABHUXKHOI'O
cocTaBa Ha ce0eCTOMMOCTD MMEPCBO30K.

2 JKyk BaroHzapbl MEH JJOKOMOTUBTEP/IIH TYpiHEe OailsIaHbICTBl MAPIIPYTTHIK
TachIMaJAay bl €HT13Y/IH THIMAUIITH Oaranay.

Selection of materials for the review, writing a review and introduction,
writing individual sections and their results, designing articles:

3 Mathematical and computer models in estimation of dynamic processes of
vehicles.

4 Bnusaue IMPOITyCKa ITOC3JO0B B PA3JIMYHBIX YCIOBUAX HA YYAdCTKOBYIO
CKOPOCTh.

5 Biuusaue cuCTEMBI TATOBOTO OO€CIEUYEeHUsT Ha yCTOﬁqHBOCTL )41
3¢ PEeKTUBHOCTH MTEPEBO30YHOIO Mpoliecca.

6 Tarosoe obecnieueHue mporecca mpeodpa3zoBaHus OJOK-TTOE3/0B.

7 He‘pCHCKTI/IBLI YIIy4dlICHUA FOpI/ISOHTaJIBHOﬁ AVNHaAMHUKH JIOKOMOTHBA.

8 TemoBo3mapIbIH TaPTHIMIBIK KACUETTEPIH KOFaphLIATY.

9 IlepcriekTrBa YBEIMYECHHS MTPONYCKAa KOHTEHHEPHBIX IMOE3/0B.

10 OHTI/IMI/ISaHI/I}I TCXHUKO-TCXHOJIOTHUYCCKHUX ITaApaMCTPOB pa6OTI>I CTaHIIUN
U IapaMeTPOB I'PY30BHIX ITOE310B.

11 IlepcniekTUBBI BHEAPEHUSI BHICOKOCKOPOCTHOTO JABIKEeHUA B KazaxcTane.

12 Cnoco0 oIeHKH TPOU3BOIUTEIBHOCTH (POPMHPOBAHHMS U IIPOMYyCKa
COCANHCHHBIX I'PY30BLIX ITOC310B Ha KCJIC3HOJOPOKHBIX YIaCTKaX.

13 Bo30yautenu kojaebaHuii U BOIPOCH BO3MYIIEHUS MOABMKHOTO COCTaBa
OT COCTOAHUA ITIYTH.

14 CreHpoBble HCHBITAHUS ITHEBMATHYCCKHX JJEMEHTOB IIOJBHIKHOIO
COCTaBa.

15 MogepHuzalys JIOKOMOTHBA C IEbI0 YIYYIICHUS €ro JUHAMHYECKHUX
XapaKTEPUCTHUK.

16 Bompockl ynaydimieHWs OAHAMHYECKHX XapPaKTEPUCTHK TATOBOTO
IIOABHUKHOT'O COCTaBa.

17. ®opmupoBaHMEe COCTaBa Ha >KEJIE3HOJOPONKHOM IYyTH C Pa3IUYHOU
KOJICEH.

18 Adaptive frame of universal vehicle course.

19 Design of adaptive suspension for universal vehicle course.

The structure of the work. The dissertation consists of an introduction, four
sections, a conclusion set out on 147 pages, contains 37 figures, 24 tables, 108
references and applications.






