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HaIpUMepP: OKCHCTAOWILHBIC PACTHTENBHBIC Macia. DTOT (JakT OCOOCHHO aKTyallu3UPyeT 3HAYMMOCTh
WCCIIEIOBATEIbCKUX DPAa0OT B OOJIACTH TOBBIMICHHUS pPa3paOOTKH HOBBIX M COBEPIICHCTBOBAHHS
CYIIECTBYIONUX TEXHOJOTHHA IOyYEeHUS! OKCHUCTAOMIBHBIX KOMIO3HUIIMHA PACTHTENHHBIX MAaceml st
(YHKIIMOHAILHOTO MTUATAHUSL.

enmpto pabOTHI SBISUIOCH TPOBECTH aHAIHW3 BBIOOpA CHIPHS I PEIICHHS IMPOOJIEM 10
CO3JJaHUI0 KOHKYPEHTOCIIOCOOHBIX TEXHOJIOTHA TOJMYyYeHHUS >KHPOBBIX IPOTYKTOB, O0OJIATAFOIIHX
OKCHUCTA0WIIBHBIMU CBOWCTBAaMH W (YHKIMOHAJIBLHBIMH CBOWCTBAMH, MPEAHA3HAYCHHBIX IS
CHUCTEMATUYECKOTO YMOTPEOJICHUS Pa3IMYHBIMU TPYIIIAMH HACEJICHUS, MyTeM KOMOMHHPOBAHUS
MaCJIHYHOTO CBHIPBS.

B mpencraBienHo#t paboTe MPOBENCH CPABHUTEIBHBIN aHAIHM3 XUPHOKHCIOTHOTO COCTaBa M
OIICHKa (DU3MKO-XUMHUYECKHUX I[OKA3aTelIed PACTUTENBHBIX Maced TMOJCOTHEUYHOTO, KYKYPY3HOTO,
COEBOT'0, OJIMBKOBOTO, PAliCOBOTO M JIEHSHOTO.

OO0pasubl pacTUTENBHBIX Macel OBLTH OIEHEHBI M0 OPTaHOJENTHYECKHM I[TOKa3aTellsiM B
COOTBECTBHUH C TPEOOBAHUSIMHU HOPMATHUBHBIX JOKYMECHTOB.

Bkyc u 3amax pacTUTENbHBIX Maced ObUI CBOMCTBEHBIM naHHOMY BUay. L[BeT pacTHTEIbHBIX
Macesl OT CBETJIO-KEITOTO [0 HACHIIIEHHOTO-30JI0THCTOTO-KENTOT0. BHEIHMIA BUI pacTUTEIHHBIX
Macen — nmpo3padHoe 0e3 ocajka.

AHanu3 OpraHoOJICNITHYECKUX TI0Ka3aTeleii — paCTUTENBHBIX Macel, HCIOIb3yeMbIX B
HCCIIETOBAHUSX, ITOKA3aJ] COOTBETCTBHE UX TPEOOBAHUSIM HOPMAaTHUBHBIX IOKYMEHTOB.
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CHARACTERISTICS OF MECHATRONIC MODULES

ANNOTATION

The article gives a classification of mechatronic modules, presents a generalized structure of
the mechatronic system, shows a block-modular system for constructing mechatronic modules.With a
mechanism for modeling interdisciplinary ideas and methods, mechatronics provides ideal conditions
for increasing synergy, thus providing a catalytic effect for new solutions to technically complex
situations. an interdisciplinary field that synergistically combines classical knowledge in mechanical
engineering, hydraulics, pneumatics, electronics, optics and computer science. The improvement of
the functionality of technical systems and the creation of new concepts of machines and equipment
with built-in «artificial intelligence» are presented.Emphasis is placed on the functional integration of
mechanical drives with electronics and computer control. The article gives the formation in the
engineering environment of automation and robotics, where the "mechanical” way of solving design
problems did not meet the expectations and opportunities provided by other areas of technology, in
particular electronics, optoelectronics, materials science, especially computer science. The concept of
mechatronics engineering is given, which provides an opportunity not only to humanize machines, but
also changes the way of thinking and approach to technological issues, and most importantly, teaches
new technologies and ways of acquiring knowledge and skills.

Key words: mechatronic module, control system, executive unit, technological equipment,
gear motor.
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Introduction.The increasing demands on the performance of complex systems such as
production machines and their ever-increasing technological importance will require the application of
new methods in the product development process. The intelligent machine can make real-time process
decisions with a variety of adaptive controls.

Mechatronics is a methodology used for the optimal design of electromechanical products.
The term was coined almost 40 years ago, in 1969, when engineer Tetsuro Mori combined the words
"mechanical™ and "electronic" to describe the electronic control systems Yaskawa Electric Corporation
built for mechanical plant equipment.

Mechatronics is a design philosophy that is an integrated approach to engineering design. The
main factor in mechatronics is the involvement of these areas throughout the design process.

Materials and research methods. With a mechanism for modeling interdisciplinary ideas
and methods, mechatronics provides ideal conditions for increasing synergy, thus providing a catalytic
effect for new solutions to technically complex situations.

An important characteristic of mechatronic devices and systems is their built-in intelligence,
which is achieved through a combination of precise mechanical and electrical engineering and real-
time programming integrated into the design process. Synergy can be achieved through the right
combination of parameters; that is, the end product can be better than just the sum of its parts.

Mechatronic products offer performance that was previously difficult to achieve without a
synergistic combination. Recently, some mechatronic applications for micromotions, helicopters and
robotic arms have been presented in various research papers.

Mechatronics was originally understood as a design and construction activity involving the
incorporation of electronic components and systems into the functional structure of various precision
mechanisms.

In 1982, Yaskawa Electric Co. has given up patent protection for its trademark, and from now
on we can all use the term. Today, this means mechatronics engineering, which includes the design,
testing and operation of machines and equipment that have a high level of functional integration of
mechanical systems with electronics and computer control.

Mechatronics is an interdisciplinary field that synergistically combines classical knowledge in
mechanical engineering, hydraulics, pneumatics, electronics, optics and computer science. The goal of
mechatronics is to improve the functionality of technical systems and create new concepts for
machines and equipment with built-in "artificial intelligence".

Several definitions of mechatronics can be found in various literary sources, almost all of them
focus on the functional integration of mechanical drives with electronics and computer control.
Mechatronics was formed in the engineering environment of automation and robotics, where the
"mechanical" way of solving design problems did not meet the expectations and opportunities
provided by other areas of technology, in particular electronics, optoelectronics, materials science,
especially computer science [2].

Mechatronics engineering can be seen as a modern approach to automation methods for
broadly defined engineering and educational needs. It can be assumed that mechatronics is an
interdisciplinary field of science and technology dealing with general problems of mechanics,
electronics and informatics.

However, it contains too many related areas of mechatronics, which form the basis of
mechatronics and cover many well-known disciplines such as electrical engineering, power
electronics, digital technology, microprocessor technology, and other methods.

Mechatronics engineering provides an opportunity not only to humanize machines, but also
changes the way we think about and approach technology issues, and most importantly, teaches new
technologies and ways to acquire knowledge and skills.

The most important feature of mechatronic devices is the ability to accurately process and
transmit information in the form of various types of signals (mechanical, electrical, hydraulic,
pneumatic, optical, chemical, biological) with a high level of automation of these devices.

Results and its discussion.At present, in the field of engineering and technology, the
development of multi-coordinate mechatronic systems that perform the functions of power supply and
control is of paramount importance. This is due to a number of important positive qualities of the
systems, such as simplicity and compactness of the design, the possibility of obtaining significant
forces, high accuracy and stability of establishing fixed positions, ease of control and high reliability.

The main assumption in the design of mechatronic devices is the acquisition by the device
itself, which is responsible for lower levels of the process (task), in order to allow the user to focus on
higher order functions.
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The structure of a mechatronic device can be considered at two levels: an abstract one,
consisting of a combination of partial functions of the main functional device, and a concrete plane,
consisting of combined structural parts and nodes that are natural carriers of the various functions
involved.
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Figure 1 — Classification of mechatronic motion modules

The integration of the structure of a mechatronic device is the result of links between "smart"
teams that communicate and collaborate. The connecting mechanical structure, sensors, actuators and
information processing arise as a result of the mass flow of energy and information flows.

The input of the mechatronic module is information about the purpose of the movement,
which is formed by the upper level, the output is the purposeful mechatronic movement of the final
link, for example, the movement of the output shaft of the module.

Interface 14 at the input of the UCU in terms of the use of detectors with an analog output
signal in the electromechanical mechatronic module is built on the foundation of analog digital
converters (ADC).

The interfaces of the detectors 15, 16, 17, depending on the physical nature of the observed
variables, are divided into electrical and mechanical.

Mechanical interfaces include connecting devices for feedback sensors of drives, force-torque
and tactile sensors, as well as other means of sensing and information about the process of mechanical
chain links, engines and external objects.

The transformation and transmission of signals about the variable states of the system, which
have an electrical nature, is carried out by electrical interfaces. In addition to amplifying-converting
boards, they also include connecting cables and switching equipment.
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Figure 3 — Classical design of a computer-controlled electro-mechanical process module

The mechatronic approach aims the creator at integrating drive components into single units,
minimizing transient transformations and eliminating interfaces as separate units To connect the
elements into the system, specialized interface devices are included, which are designated as 11-17.

11 interface - a set of hardware and software tools for interfacing the UCU module with the
upper level of the control system. Top-level control functions are performed by a high-performance
computer or operator.

12 interface includes:

» digital-to-analog converter;

« amplifying-converting device.

The purpose of the interface seems to be to ensure the establishment of control voltages for
actuators.

I3 interfaces are mechanical transmissions that combine neat engines with links of a
mechanical device. Transmission covers gearboxes, clutches, elastic links, brakes, etc.

The first level of integration is formed by mechatronic devices and their elements.

The second level of integration is formed by integrated mechatronic modules. The third level
of integration is formed by integration mechatronic machines.

The fourth level of integration is formed by complexes of mechatronic machines.

The fifth level of integration is formed on a single integration platform by complexes of
mechatronic machines and robots, which involve the formation of reconfigurable flexible production
systems.
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Figure 3 shows examples of single-coordinate motion modules in development: 4.

Today, mechatronic modules and systems are widely used in the following areas:

» machine tool building and equipment for automation, technological processes in mechanical
engineering;

« industrial and special robotics;

» aviation and space technology;

» military equipment, vehicles for the police and special services;

» electronic engineering and equipment for rapid prototyping;

» automotive industry (motor-wheel drive modules, anti-lock brakes, automatic transmissions,
automatic parking systems);

* non-traditional vehicles (electric cars, electric bicycles, wheelchairs);

» office equipment (eg copiers and facsimile machines);

» computer peripherals (eg printers, plotters, CD-ROM drives);

» medical and sports equipment (bioelectric and exoskeleton prostheses for the disabled,
toning simulators, controlled diagnostic capsules, massagers, etc.);

* household appliances (washing machines, sewing machines, dishwashers, autonomous
vacuum cleaners);

» micromachines (for medicine, biotechnology, communications and telecommunications);

» control and measuring devices and machines;

» elevator and warehouse equipment, automatic doors in hotels and airports; photo and video
equipment (video disc players, video camera focusing devices);

» simulators for training operators of complex technical systems and pilots;

* railway transport (systems for control and stabilization of train traffic);

» intelligent machines for the food and meat and dairy industries;

* printing machines;

» smart devices for the show industry, attractions.

The module is a standardized functional half of the machine, structurally designed as an
independent product.

Mechanical motion module (MMD) - the executive link of the mechatronic system, the
mandatory inclusion of a mechanical control object (OR).The modules are divided according to the
type of the execution unit and according to the variant of the control arrangement (Fig. 1).

The nodes that provide a range of mobility to the working bodies of the machine are
represented by executive blocks.The executive structures are divided into feeds of auxiliary
movements and blocks of the main movement.

According to the type of processes, they are divided into linear process modules and rotary
motion modules.The main process units are produced in the form of a motor spindle and a gear motor.
The motor-spindle is a spindle machine unit, on the shaft of which the rotor of the rotation drive motor
is determined.

An electrospindle is an electric motor on which a workpiece or cutting tool is attached.Motor
reducer - an electric motor with a wave or built-in planetary mechanism.

The mechatronic move in the construction of new generation machines is contained in the
transfer of a multifunctional load from mechanical units to intelligent, electronic, computer
information components.

Increasing demands on the productivity of machine tools and their growing technological
complexity require improved methods in future product development processes.

Mechatronics is also influenced by smart devices for online and real-time monitoring, which
includes diagnostics and process control.

The latest advances in mechatronics in the field of smart manufacturing are discussed, as well
as modifications and improvements to traditional designs using a mechatronic approach.

Products will continue to evolve towards greater complexity and greater integration of
mechanical and electronic functions, including the growing trend towards ubiquitous computing and
embedded systems.
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Figure 4 — Samples of single-coordinate process modules

Conclusion. The way companies design and manufacture products has rapidly evolved with
the advent of global supply chains. Increasingly, components and subsystems will be sourced from
global suppliers and will need to be easily combined in subassembly and final assembly.

As manufacturing sites are added and removed to meet contract requirements and import
duties are reduced on new global contracts, many more challenges will arise. In addition, suppliers and
components will increasingly be switched on and off the project to cope with global supply chain
challenges and cost-cutting pressures.

Thus, in comparison with mechatronic motion modules, control and electronic devices are
additionally built into the IMM design, which gives these modules intellectual properties.

Intelligent mechatronic modules, which contain all three defining subsystems, fully comply
with the definition of mechatronics. But the study of modules of motion and mechatronic modules of
motion seems to be methodically and logically justified, since without this it is impossible to
understand the evolution of mechatronics.

Manufacturing will be much more flexible and will need to quickly adapt to new locations,
component suppliers and design changes. For all these reasons, advanced mechatronic tools will be
required to ensure high-quality production, from design to continuous monitoring and modification of
production.
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TYHUIH

Makanaga MeXaTpOHIBIK MOIYJNBICPAIH KJIACCH(DUKAIUACH, MEXaTPOHMABIK KYHCHIH
JKQIMBUIAHFAH KYPBUIBIMBI, MEXaTPOHIBIK MOAYJIBICPII KYPYABIH OJOKTHIK-MOAYNBIIK IKYyHecl
kepceTiireH. [loHapanblk wWesyap MeH OficTepli MOJAEbJeY MEXaHU3MIMEH MeXaTpOHHUKA
SHEPTUSHBI APTTHIPY YIIIH Tamalla xarJAaiinap/abl KAMTaMachl3 €Te]li, OChUIANINA TeXHUKAJIBIK KypAei
JKarainapra JkaHa IIENNMJIepre KaTaJIUTHKAIBIK ocep Oepemi. MaiimHa »Xacay, THIPaBIIUKa,
MMHEBMATHKa, IICKTPOHHKA, ONTHKA KOHE WH(GOPMATHKAIAFbl KJIACCUKAJIBIK OLTIMIII CUHEPTeTHKAJIBIK
OipiKTipeTiH moHapaiblK cana. TeXHUKaNbIK KYHenepaiH (YHKIHMOHAIIBIFBIH JKAaKCaApTy IKoHE
OIpIKTIpidreH «KacaHAbl MHTEIUIEKT» 0ap MamIuHajlap MEH >KaOABIKTAPIIbIH jKaHAa KOHIEHIHSIIapbIH
KYPY YCHIHBLIFaH.

MexaHUKaNbIK ~ JKETEKTepl  JJCKTPOHUKAMEH  KOHE  KOMIBIOTEPJIiK  OackapymeH
¢GyHKIIMOHANIBIK OipikTipyre 0aca Hazap aynapbuiafpl. Makanama jko0aniay MocelenepiH MEeNrymaiH
«MEXaHUKANbIK» TOCUIl TEXHOJOTHUSHBIH Oacka cajamapbl, aranm aWTKaHda DJIEKTPOHHUKA,
OTITORJIEKTPOHHKA, MaTepHalTaHy, acipece MHQOpMATHKa YCHIHATBHIH KYTYJep MEH MYMKiHAIKTepre
colikec KeNMEHTIH aBTOMATTAHIBIPY MEH POOOTOTEXHHKAHBIH WHXCHEPIIK OPTachIHIA KaJbIITACYbI
KapacThIpbUIFaH. . MallMHaiapabl I3riJIeHIIipyre faHa eMec, COHBIMEH KaTap Oiiay Tocili MeH
TEXHOJIOTHSUIBIK MACeJIeJiepre Ke3KapacThl ©3repTyre MYMKIHAIK OepeTiH, €H OacThIChl, JKaHa
TEXHOJIOTHSIAp MEH OiliM MEH JaFablIapAbl MEHTepyIiH JKOJJIAPbIH YHPETETIH MeXaTpOHHUKa
WH)XCHEPHACHI TY)KBIPBIMIaMaChl OepiireH.

PE3IOME
B crarbe pmana xmaccuuKkanmusi MeXaTpOHHBIX MOZYNEH, MpelncTaBieHa 000O0IIeHHas
CTPYKTypa MeXaTpOHHOW CHCTEMBI, ITOKa3aHa OJIOYHO-MO/IYJIbHAS CUCTEMa ITOCTPOEHHUS MEXaTPOHHBIX
Moayieil. buaromaps MexXaHM3My MOJEIHMPOBAHUS MEXKIMCHMIUIMHAPDHBIX HJIEH U METOJOB
MEXaTpOHHKa OO0ECICUNBAeT WACANbHBIC YCIOBHS [JIsi TIOBBILICHWS CHHEPIHH, TEM CaMbIM
obecrieunBast KaTaTUTHIeCKUH 3((EKT U HOBBIX pEellleHUH TEXHHUYESCKH CIIOKHBIX CUTYaIni.
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MexnuciuruinHapHas o0J1acTh, CHHEPTeTUYCCKH OOBEAMHSIONIAS KITACCUYCCKHE 3HAHUS B
00JTacTH MAaIlIMHOCTPOCHHUS, THAPABIUKH, ITHEBMATHKH, DIICKTPOHHKH, ONTHKH W HH(MOPMATHKH.
[pencraBnsiercss  yay4dnieHne (QYHKIMOHAIBHOCTH TEXHUYECKUX CHCTEM U CO3JIaHUE HOBBIX
KOHIICTIIMM MAallMH ¥ 00OpYJOBaHUS CO BCTPOSHHBIM '"HCKYCCTBEHHBIM HMHTEIICKTOM". Jlemarorcs
aKIeHT Ha (YHKIMOHATBHOW WHTETpallii MEXaHWYeCKUX TMPHBOJAOB C DIICKTPOHHKOH U
KOMITBIOTEPHBIM ~ yTpaBieHHeM. B cratbe jaercss (OpMHpOBaHWE B HHKEGHEPHOW cpelie
aBTOMATH3alMU U POOOTOTEXHUKH, T1Ie "MEXaHUUEeCKHI" CIIOCO0 pelIeHuUs 3a/1a4 TPOCKTUPOBAHUS HE
COOTBETCTBOBaJ OXUJAHUSIM M BO3MOXKHOCTSM, KOTOPBIC TWPEIOCTABIISIOT JApyrue O0OJacTH
TEXHOJIOTHH, B YAaCTHOCTH DJEKTPOHHKA, OITOAMIECKTPOHHKA, MaTepHaloBeIcHHe, OCOOCHHO
uHpopmaTHka. JlaeTcs MOHITUN WHXCHEPUH MEXAaTPOHHKH TPEIOCTABISIONAs BOZMOXHOCTh MCHATh
HE TOJBKO XapaKTEPUCTUKW MAIIMHBI, HO M MCHSCT MBIIUICHHE U TMOAXOJ K TEXHOJOTUYCCKHM
BOTIpOCAaM, a camMoe TJIaBHOE - 00ydaeT HOBBIM TEXHOJOTHSM U CIIOCOO0aM MpHOOpETEeHUs 3HAHUW |
HaBBIKOB
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AHAJIN3 BJIMSAHUSA BPE/IHBIX U OITACHBIX ITPOU3BOACTBEHHBIX ®AKTOPOB
HA 31OPOBBE PABOTHHMKOB KEJIE3HOJAOPOXKHOI'O TPAHCIIOPTA
ANALYSIS OF THE INFLUENCE OF HARMFUL AND HAZARDOUS PRODUCTION
FACTORS ON THE HEALTH OF RAILWAY TRANSPORT WORKERS

AHHOTAUA

B crarbe oTpaxkeHbl pe3yibTaTHl HCCIENOBAHWMU YCIOBHH TpyJa OCHOBHBIX mpodeccuit
JKEJIE3HOAOPOKHOIO TPAHCIOPTA: MAIIMHUCTOB TEMJIOBO3a, MOHTEPOB MYyTH W IPOBOJHUKOB
MACCaKMPCKOT0 BaroHa, HA OCHOBE aHaJM3a CTATUCTHYECKHUX AaHHBIX 0T4eToB AO «HammonanpHas
Komnanus «Kazaxcran Temup XKome» (AO «HK «KTXK»). H3ydensl ocoOeHHOCTH HX
npodecCHOHANIBHON JEATEIbHOCTH B COBPEMEHHBIX ycioBusx. Okono 41% ot obuiero konndecTBa
pabotaukoB AO «HK «KTXK» 3aHATBI BO BpEIHBIX, TSKEIBIX M HANPSDKEHHBIX YCIOBUSAX TPY/A.
BouiBieHo, urto Oombmias vacTh pabOuMX MeECT CBsI3aHBI C TSDKECTBIO TPyZAa, LIYMOM,
HaNpsDKEHHOCTBIO TPYJOBOTO TIpolLiecca M 3JEKTPOMAarHUTHBIM H3nydeHueM. IloctpoeH rpaduk
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