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COMBINATION OF MECHATRONIC ENGINEERING AND ARTIFICIAL
INTELLIGENCE TECHNOLOGY

ANNOTATION

This article discusses the main issues of artificial intelligence and its implementation in the
daily life of people in the form of control systems of mechatronic systems.

Due to the intensive implementation of the latest achievements of scientific and technical
progress, a new element base, new technologies for implementing the principles and laws of creating
artificial intelligence appeared. Mechatronics is an independent fundamental technical science as the
basis of modern technological equipment.

Mechatronics is one of the most promising engineering fields, which is a combination of
interdisciplinary engineering courses such as mechanics, electrical engineering, electronics, robotics,
computer science, control systems and product development. Therefore, in the modern conditions of
technological development, industrial enterprises, including mining enterprises, are more in need of
specialists with the skills of managing complex technological equipment and, at the same time,
electropneumatics, electrohydraulics and electromechanics. In order to understand modern automation
and mechatronics systems, one must not only have knowledge of their components, but also the ability
to set up and adjust the operation of these systems. With the rapid development of scientific
computing, artificial intelligence technology is widely used in mechatronics. The article describes the
connection and combination of mechatronics engineering and artificial intelligence technology.

The methods of analysis, comparative analysis, and analytical research are aimed at determining
the rationality of the combination of mechatronic engineering and artificial intelligence technology.
The article discusses how mechatronics engineering using artificial intelligence technology can meet
the development needs of modern society.

Key words: mechatronics, mechatronic systems, sensors, electronics, control, computers,
actuator, signaling device, programmable logic controller, electronic device, computer, integration,
mechatronics, artificial intelligence technology

Introduction. The unprecedented pace of technological progress has shown that we need to
think about our lives differently. Especially with the perfect combination of artificial intelligence and
mechatronics technology, traditional technology gradually becomes an accessory, and they are no
longer determinants of product quality, but only resource allocators and coordinators. The boundaries
between disciplines have become so blurred that it has paved the way for the introduction of new
interdisciplinary research areas such as mechatronics, industrial automation, biotechnology and more.
Possible reasons for mainstreaming these multi-directional areas could be:

— Because production processes in all industries are very complex, they require precision and
highly skilled labor at all levels, resulting in advances in robotics, automation, control systems, and the
use of advanced software and hardware to increase production;
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Interdisciplinary engineering fields such as mechatronics combine engineering disciplines such
as robotics, computer science, product design, control systems, electronics, and telecommunications
with mechanical engineering to help engineers develop solutions and technologies that help solve
tomorrow's problems.

The outstanding mathematician Norbert Wiener, the founder of the theory of cybernetics and
artificial intelligence, proved that the same laws work in living organisms, machines and society. In
his understanding, there was no insurmountable border between the human mind and the artificial
mind of the machine. He proposed using the mechanisms of a living organism as a model for building
a machine and a machine that would work similar to the human nervous system. He made a
surprisingly accurate prediction of the mechatronic paradigm of the development of technical
cybernetics, noting that computers are actively used for direct control of actuators [1, 2].

Mechatronics gave a "second breath" to cybernetics and ensured its "second birth", being the
computer paradigm for the development of technical cybernetics. Today it is a young, independent,
fundamental technical science.

Many engineering products that combine mechanical and electrical systems developed and
manufactured over the past thirty years can be considered mechatronic systems.

Many processes in traditional manufacturing plants, which rely on the skills and experience of
workers to ensure quality, are performed by mechatronics equipment more efficiently, better, and
cheaper than manual labor. Compared to traditional mechanical engineering, mechatronics is the
integration of artificial intelligence technology and mechanical engineering that performs the function
of information communication, while traditional mechanical engineering is only concerned with
energy and kinetic energy. Considering the need of manufacturing enterprises to meet the need to
improve production efficiency and reduce labor costs while ensuring quality, the use of artificial
intelligence, robotic products and efficient automatic collection, transportation and other operations is
undoubtedly an excellent choice for enterprises. It also promotes the development of industrial
automation and industrial production integrated process automation, the process can achieve optimal
control. On the other hand, industrial robots can replace humans in performing some monotonous,
frequent and repetitive long-term operations such as stamping, spraying, heat treatment, welding,
coating, molding in hazardous environments in industrial production [3, 4].

Today's electromechanical construction industry is based on the advanced science and
technology of today's era and forms an intelligent system integrated with computer software and
hardware. The emergence of the electromechanical integration system, on the one hand, is
electromechanical construction projects to achieve scientific and standardized management, and on the
other hand, compared with traditional mechanical and electrical construction project management, it is
of great importance for future mechanical and electrical enterprises to enter a new era of economic
value creation with confidence [5, 6].

Materials and methods of research. The research aims to determine the rationality of the
combination of mechatronic engineering and artificial intelligence technology. Analysis, comparative
analysis, analytical research methods were used during the research.

Results and their analysis. Mechatronics is one of the most promising engineering fields,
which is a combination of interdisciplinary engineering courses such as mechanics, electrical
engineering, electronics, robotics, computer science, control systems and product development. Figure
1 shows the integration of interdisciplinary engineering courses.

Production
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control

Figure 1 — Integration of subjects
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The term "mechatronics" was coined in 1969 by Tetsuro Mori, an engineer at Yaskawa Electric
Corporation. Since then, this interdisciplinary field has gradually achieved exponential growth in
engineering-related sectors [6, 7].

Mechanical technology is the basis of mechatronics engineering. In the manufacturing process
of the mechatronics engineering system, the classical mechanical theory and technology must rely on
computer technology, artificial intelligence and expert system to form a new generation of mechanical
manufacturing technology, including information exchange, access, operation, judgment and decision
making. Artificial intelligence technology, expert system technology, neural network technology are
computer information processing technologies. Control technologies implement high-precision
positioning control, speed control, self-diagnosis and correction, reproduction, search, etc [8, 9].

Sensing technology is the sensing organ of the system and the main link in the implementation
of automatic control and regulation. The stronger its function, the higher the system automation
program. Modern technology requires the sensor to receive information quickly and accurately and to
be able to withstand harsh environmental tests. This is the guarantee of the high level of mechatronics
engineering system, servo system is a device and component of conversion from electrical signal to
mechanical action, which has a decisive influence on the dynamic performance, control quality and
function of the system [10, 11].

It is the correlation and combination of mechanical engineering and artificial intelligence
technology according to the characteristics of mechatronics engineering. Mechatronics engineering not
only involves communication of energy, kinetic energy and information, but also includes intelligent
computer electronic information system. Compared to traditional mechanical engineering,
mechatronics engineering is very different in terms of design and product specifications, it includes
not only mechanical engineering but also computer technology, electronic engineering and other
disciplines. Although the product structure of mechatronics has no other components, the internal
structure of the product is relatively complex compared to the traditional mechanical engineering
structure, which leads to the phenomenon of a small system of modern mechatronic engineering
products, and the performance level has also been greatly improved [12].

Mechatronics strives to solve the challenges by introducing digital electronic units and control
computers directly into mechanical units and systems. Effective implementation of this approach
became possible due to the emergence of information and production technologies in recent years. The
mechatronic approach to creating a new generation of machines is to transfer the functional load from
mechanical components to intelligent (electronic, computer and information) components that can be
easily reprogrammed for a new task and are relatively inexpensive. Thus, the functional analysis of
production machines shows that the share of the mechanical part has decreased from 70% in the early
90s to 25-30% today [13, 14]. Figure 2 shows a characteristic graph showing the dynamics of this
process in industrial machines over 30 years since the 70s.
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Figure 2 — Change in functional load of mechatronic system components
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Analysis shows that in the early 1990s, the vast majority of machine functions (over 70%) were
performed mechanically. In the following decades, mechanical components were gradually replaced -
first by electronic, then by computer units. Currently, in mechatronic systems, the volume of functions
is divided almost equally between mechanical, electronic and computer components. In addition, the
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share of the computer part has doubled in recent years, and there is every reason to assume that this
trend will continue in future technology.

Mechatronic systems take precedence in modern technological, automated equipment that
works without human intervention and in all other areas. Unfortunately, there is a severe shortage of
specialists who can operate such equipment, let alone build it.

In the 21st century, most operations in production are performed by intelligent machines -
robots, and human functions have been reduced to controlling and monitoring the operation of
automation on a computer monitor.

Modern mechatronic engineering technology is the product of the convergence and intersection
of mechanical engineering, microelectronics, and information technology [15].

From automotive to aviation, oil and gas exploration and development, biotechnology,
telecommunications, manufacturing, transportation, defense, and any other industry you can think of,
mechatronics engineers are needed to increase productivity and profitability. These new opportunities
in today's world have defined the future role and viability of mechatronics.

Figure 3 below shows a popular example of the usefulness of mechatronics - annual global
shipments of industrial robots.
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Figure 3 — Annual global shipments of industrial robots
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It can make an intelligent decision to perform the work it is intended to do, thus making the
overall production process much more economical and automatic.

The industrial automation market is growing at a rapid rate of over 6% annually and is expected
to reach USD 149 billion by the end of the forecast period. Figure 4 shows the rapid growth of the
industrial automation market. Cost reduction, high process efficiency and the ability to provide general
information and start product development earlier are the major driving factors for this market [16].
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Figure 4 - Industrial automation market

Market Size (USD Billion)

The combination of mechatronics engineering and artificial intelligence technology maximizes
the performance of mechanical and electronic systems. The progress of artificial intelligence
technology has promoted the development of the commercialization path, and the intelligent robot and
distributed artificial intelligence technology have achieved great achievements in practical
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applications. With the continuous development of computer technology, artificial intelligence
technology has entered a period of stable development, realizing the development of artificial
intelligence technology from one discipline to a separate discipline. Currently, artificial intelligence
technology can implement the process of solving many tasks. Intellectualization, i.e., holographic
systematization, describes the behavior state of the machine, imbibes methods and new design ideas
from new disciplines such as computer science, mathematics, operations research, chaotic dynamics,
artificial intelligence, and physiology to model and create human thinking [17].

The popularity of computer network technology is directly related to the penetration into the
information society, and the development of artificial intelligence technology is directly related to the
development of the information society [18]. The effective combination of artificial intelligence
technology and intelligent technology in mechatronics engineering allows not only to efficiently
process information, but also to create, control and diagnose problems for mechanical models.
Mechanical input and output information is described due to the instability of mechatronics
engineering. It mainly describes information by guiding mathematical equations, building rule bases
and learning to generate knowledge. Although the traditional mechatronic system has strong density
and precision, such a mechanical and electronic system cannot meet the development needs of modern
society. It may only be suitable for systems with relatively little information.

Artificial intelligence technology is basically an information processing method based on
unknown and complex knowledge in the information processing process. Therefore, artificial
intelligence technology and information processing technology will be an effective tool for analyzing
mathematical equations in mechatronics engineering. The mechanical and electronic system created by
artificial intelligence technology mainly includes neural network system and fuzzy reasoning system
[19]. Fuzzy reasoning system refers to the modeling of human logical thinking to analyze the linguistic
signals of the human brain, while the neural network system mainly analyzes the digital signals
generated by the human brain by simulating the structure of the human brain, although the neural
network system and the fuzzy reasoning system have similarities in the input and output of
information, their differences also has:

— neural network system is fuzzy in physical sense and accepts point-to-point mapping, while
fuzzy reasoning system has real physical meaning and accepts domain-to-domain mapping;

— the neural system and the fuzzy reasoning system store information in a correspondingly
distributed and stable manner;

— In terms of information communication and computation, the connection between the neural
network system and the fuzzy reasoning system is fixed and the amount of computation is different.
Neural network systems are computationally intensive, while fuzzy reasoning systems are small.
Therefore, the complex artificial intelligence technology system plays an important role in the
mechanical and electronic system.

Modern engineering is dominated by the integration of electrical and mechanical components,
and increasingly complex requirements are placed on the personnel who operate them. As a result, the
organization of labor in the enterprise changes:

— in the first place are skills and knowledge of electronic control technology using computers
and microcontrollers;

— Electropneumatics and hydraulics, in all its components, knowledge of electromechanics is
required, which means knowledge of functional blocks and groups of elements, not individual parts.

— Electronic, mechanical and electromechanical components (components) are integrated with
hydropneumatic equipment. Circuits are being replaced by electronic circuits, becoming smaller and
smaller and becoming chips. In case of failure, individual components and groups of elements are no
longer repaired, but replaced with new ones.

— Mechanical engineering enterprises need more "hybrid" specialists. Until now, they had to
train their specialists in additional specialties of control engineering, hydropneumatic automation and
electrical engineering.

But personnel training does not follow this pace. According to EU experts, the vocational
education system in Europe lags behind the needs of industry by 12 years, in the USA by 15 years, and
in EurAsEC by more than 30 years.
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The development of technology has a direct impact on the employment of people, and therefore
on their professional training. Figure 5 shows how employment by sectors of the working population
has changed over the years.
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Figure 5 — Employment structure of the population in developed countries

The agricultural sector employs about 4% of the working population. On the other hand,
information technology and service sector dominates among those employed today - more than 70%,
and less than 25% work in industry.

The main reason for the decline in industrial employment is full automation! Today, only repair,
construction and installation crews, folk crafts and exclusive ateliers work by hand. Everything else is
pure automation or, in modern terms, robotics and mechatronics. And for automated production,
everyone needs qualified personnel, that is, workers and specialists capable of installing, adjusting and
repairing automated production. Today they are called mechatronics engineers.

Mechatronics engineers' careers focus on a variety of roles that involve working very closely
with mechanical, electrical, electronic, and control and manufacturing teams, which are fundamental
to product development. Common responsibilities of a mechatronics engineer may include:

— Automation of existing production processes;

— Analysis of viability of new and existing equipment;

— Simulation modeling of engineering systems;

— Integration of systems that increase productivity and productivity;

— Development and creation of new products;

— Solving complex engineering problems using mechanical, electronic and computing
technologies.

Mechatronics engineers are needed in every industry vertical. They are in high demand in
various industries, from aerospace to automobiles.

The conducted analysis shows that any modern automated equipment (from a washing machine
to a space station) can be represented as a set of elements:

— "machine brain" is an electronic device (computer, programmable logic controller) that
receives signals from sensors and control buttons, processes them and sends them to the operating
device (drive, signaling device, etc.);

— "machine muscles” - drives providing mechanical movements (electrical, hydraulic and
pneumatic drives);

— "sensory organs" - sensors, buttons and limit switches that collect information about the state
or parameters of the mechanisms of the technical (mechatronic) system and send them back to the
"brain" - an electronic device in the form of input signals.

An important element of mechatronics are "sensors" - sensors, non-contact limit switches,
pressure switches and a compressor [20].

The control system ("brain of the machine") is implemented on the basis of relay-contact
electromechanical elements (buttons, relays, pulse counters) with the possibility of retrofitting with a
programmable logic controller.
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Conclusion. In conclusion, any automatic system in any field works step by step.

In any case, in order to understand modern automation and mechatronics systems, it is
necessary not only to know their components, but also to be able to set up and adjust their operation,
that is, the complex interaction of mechatronic system components with each other [21].

Mechatronics engineering using artificial intelligence technology can meet the development
needs of modern society. With the rapid development of computer network technology, not only great
achievements have been made in science and technology, but it brings a new look to everyday life.
The global economy and production are connected by various networks, and competition between
enterprises also faces networked globalization. Once a new mechatronics engineering product is
developed, if its quality is reliable, it will sell well all over the world. Due to the further popularity of
the network in the world, all kinds of remote control technologies related to the network will continue
to develop, because the terminal equipment of remote control is the engineering products of
mechatronics. Therefore, mechatronic engineering products will inevitably evolve towards network
globalization.

The considered theoretical analysis and monitoring led to the conclusion that the mechatronic
system has a great future.
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TYWUIH

by makamana skacaHABI WHTEIUIEKT JKOHE OHBI aJaMHBIH KYHIETIKTI eMipiHe MeXaTpOHIBIK
Ky#Henepi 0ackapy >Kyieci TypiHIe eHTi3y Typasbl HETi3Ti Macelelep TaTKbIIaHa bl

FrulbIMU-TeXHUKAIBIK IPOTPECTIH COHFBI JKETICTIKTEPiH KapKBIH/IBI €Hri3yre OailaHbICTHI KaHa
SNEMEHTTIK 0a3a, jKacaHAbl WHTEIUIEKT KYPYAbIH HNPUHOUNTEPI MEH 3aHABUIBIKTApPBIH JKY3ere
achIpYIBIH KaHA TEXHONOTWsIAphl maiga Oonasl. Kazipri TEXHONOTHUSIBIK >KaOIBIKTapABIH HeTi3i
petinze aepoec ipreii TeXHUKAIBIK FBUIBIM — MEXaTPOHUKA KapacThIPhIIa bl

MexaTpoHuka - €H MepCIeKTUBaJbl WHXCHEPNIK calajgapAblH Oipi, 0J MexaHWKa,
AIIEKTPOTEXHHKA, DIIEKTPOHUKA, pOOOTOTeXHWKA, WH(MOpMATHKa, Oackapy >XyWemnepi KoHE eHIMi
o3ipiiey CHSIKTBI TIOHAPANBIK HWHXXEHEPIiK KypcTapAblH Oipiryi Oombinm TaObimansl. COHIBIKTaH
TEXHOJIOTHSUIBIK JTaMyJIbIH Ka3ipri 3aMaHFbl JKaFdaibIH/Ia OHEPKACINTIK KCIOPBIHAAp, OHBIH IIIIHIC
Tay-KeH KOCIMOPBIHAAPHl KYpJeNi TEeXHOJOTHSUIBIK >KaOIBIKTapabsl Oackapy Harabuiapel MeH Oip
ME3TiIle  3JEKTPONTHEBMATHKA, JJIEKTPOTHAPABIMKA JKOHE OJIEKTPOMEXaHWKalblK Olmimi  Oap
MaMaHJapFa KeOipeK MyKTax. 3aMaHayd aBTOMAaTHKa MEH MeXaTpOHHWKa JKyHeJepiH TYCiHy yIIiH
ONapIbIH KypaMaac OerikTepi Typaibl OiiM FaHa eMec, COHBIMEH KaTap OCHI )KYHeNep/IiH )KYMBICHIH
OpHATy oHE peTTey MYMKiHAiri Ooiysl Kepek. FpuibiMm ecenTeynepiiH KapKbIHIBI JaMybIMEH
JKacaH/bl HHTEIUIEKT TEXHOJIOTHACHI MEXaTPOHNKaa KeHIHEH KOJJIaHbUIaabl. Makanasa MexaTpoHUKa
WH)KEHEPHUSICHl MEH YKacaHbl HHTEIUIEKT TEXHOJIOTHICHIHBIH OaiilaHbIChl MEH YHJIeCIMi CHITATTaIa bl

3eprreyniH  Tangay, CadbICTBIPMANbl  Talfay, AaHAJUTUKAIBIK  3epTTeylep  onicTepi
MEXaTPOHMKAIBIK HWHXGHEPHSIChl MEH JKacaHIbl MHTEUIEKT TEXHOJOTHSCHIHBIH YiIECIMiHIH
YTBIMIIBUIBIFBIH ~ aHBIKTAayFa OarbITTanafpl. Makanajga JkacaHgbl HHTEJUIEKT TEXHOJOTHSCHIH
KOJI/IAHATBIH MEXaTPOHHKA MH)KEHEPHSCHI Ka3ipri KOFAMHBIH JaMy KaKETTUIIKTepiH KaHaFaTTaH/IbIpa
QJIATBIHBI TAJIKbUIAHAIbI.

PE3IOME

B nmanHO# cTaThe paccMaTpUBAIOTCS OCHOBHBIE BOIPOCHI MCKYCCTBEHHOI'O MHTEIUIEKTa U €ro
BHEJIPEHUS B IIOBCEAHEBHYIO )KH3Hb JIFOJIEH B BUJIE CHCTEM YIPABICHHS MEXaTPOHHBIX CHCTEM.

brnaromapss WHTEHCHMBHOMY BHEAPEHHIO IIOCIEAHUX JOCTI)KEHWH HayYHO-TEXHHYECKOTO
nporpecca MOsIBUJIACh HOBas dJIEMEHTHas 0a3a, HOBBIC TEXHOJIOTHHM peaju3aldd NPUHLIUIOB MU
3aKOHOB  CO3/laHUSl ~ HCKYCCTBEHHOTO  HHTEIJIeKTa.  MexaTpoHMKa -  CaMOCTOSTEJIbHas
byHaaMeHTabHAS TEXHHYECKask HayKa KaKk OCHOBA COBPEMEHHOTO TEXHOJIOTHYECKOTO 000PYI0BaHHUS.

MexaTpoHUKa — OJIHA U3 CaMbIX IEPCIEKTUBHBIX MH)KEHEPHBIX O0JIacTel, MpeACTaBIIsIOmas
co0Ol  coueTaHWe MEKIUCLUUIUIMHAPHBIX HMHXXEHEPHBIX KypCOB, TaKMX Kak MEXaHUKa,
ANEKTPOTEXHUKA, DIIEKTPOHNUKA, pOOOTOTEXHUKA, HHPOPMATUKA, CUCTEMBI YIIPABICHHUS U pa3padoTKa
MPOAYKTOB. I103TOMYy B COBpEMEHHBIX YCIOBHIX Pa3BUTHS TEXHUKH MPOMBIIUICHHBIEC TPEANIPHUITHS, B
TOM 4HCJIE€ M TOpHOAOOBIBaroLMe, Oojiee HYXIAIOTCA B CIEUUATUCTaX, BJIAACIOUIMX HABBIKAMU
VIIpaBIIEHHsI CIIOKHBIM TEXHOJIOTUYECKUM 00OpYJOBaHHEM M OJHOBPEMEHHO JIIEKTPOITHEBMATHUKOM,
3IEKTPOTUAPABINKON U DIIEKTPOMEXaHUKOH. [[ist Toro, 4T00BI pa30uparbcs B COBPEMEHHBIX CHCTEMAX
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aBTOMATHUKH M MEXaTPOHUKH, HY’KHO HE TOJIbKO 3HATh MX COCTAaBIISIONINE, HO U YMETh HACTPAUBaTh U
HacTpauBaTh pabory 3TuxX cucteM. C OBICTPHIM PAa3BHTHEM HAYYHBIX BBIUYUCICHUHA TEXHOJOTHUS
HUCKYCCTBEHHOTO MHTEIIIEKTa [TMPOKO HCIOIB3YETCS B MEXaTPOHUKE. B cTaThe ONMMChIBacTCS CBSI3b U
COUYCTAaHNE MEXATPOHUKHU U TEXHOJIOTHI UCKYCCTBEHHOTO MHTEIIJICKTA.

MeTtoapl aHaIK3a, CPABHUTEIHHOIO aHAIN3a U aHAJTUTHYSCKOr0 UCCICAOBAaHUS HAIIPABICHBI HA
oTpeJieNieHIe PAllMOHATbHOCTHA COYCTAHUSI MEXaTPOHHOW MHXCHEPHH W TEXHOJIOTUI UCKYCCTBEHHOTO
UHTEIUICKTa. B cTaThe paccMaTpuBaeTCs, KaK MEXaTPOHUKA C KCIIOJIb30BAHUEM TEXHOJIOTHH
UCKYCCTBEHHOTO HHTCIUICKTA MOXET VAOBJICTBOPUTH TOTPEOHOCTH pa3BUTHUS COBPEMEHHOTO
00111eCTBA.
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BATBIC KABAKCTAH OBJIbIChI KOIIBEWIH]II AYPYXAHACBIHBIH TAFAMTAHY
BJIOT'BIHA XACCII 2)KOCHHAPBIH KYPY
DEVELOPMENT OF THE HACCP PLAN AT THE CATERING UNITS OF THE
MULTIDISCIPLINARY HOSPITAL OF THE WEST KAZAKHSTAN REGION

AHHOTALIMS
Empaey-npodunakTHKaIbIK MeKeMeJepe YUBIMIACTBIPBLIATHIH EMIIK TaMaKTaHy
HayKacTap/blH JACHCAYJBIK XKaFJaiiblH KOTepy YIIiH opacaH 30p yJec Kocaabl. Haykactap/sl KeneH i
eMzieyie TaMaKTaHYy/bIH TYPBIC YHBIMIACTHIPBUTYBIMEH KOCA, OHBIH KAyilCi3Jiri MeH camacblHa Jia
KOHIT O6JIreH JKOH. AB3BIK-TYJIKTIH JIYPBIC OHJEIMEYi, TEXHOJOTHSUIBIK MPOLECTIH PEeTCI3iri,
IIMKI3aTThl CaKTay MEH TachIMalifiay IlapajapblHia Ke3IeCeTiH KaTeikTep eceOiHeH JdaiblH OHIMHIH
camachel Hallapiaipl, Kayilnci3Oik Iopekeci TOMEHICHIl >KoHE OopTYpJi aypyiaplblH YIIBIFYbIHA
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