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HNPEANCJIOBHUE

JlaHHBIe METOMWYECKHe yKa3aHUs IpeIHa3Ha4deHbl Ui ya9eOHO-
MCTOAUYCCKOI'0 COIIPOBOXACHUA KypCa aHrT. JIMMCKOI'O sI3bIKA AJig CTyACH-
TOB HEA3BIKOBBIX BY30B, o6yqa}01m/1x051 110 HaIlpaBJICHUIO ITOATIOTOBKHU
15.03.04 «ABTroMaTH3aNKs TEXHOJOTHYECKHUX MPOLIECCOB U MPOU3BOJCTB
(ABTOMaTI/ISaHI/I}I TCXHOJOI'MYCCKUX MPOLECCOB U MPOU3BOJACTB B METAJI-
Jypr WYeCKOM MOPOMBIIIIJICHHOCTH, ABTOMaTI/I3aHI/I$1 TEXHOJIOI'MYECKHUX
MIPOIIECCOB WM TIPOM3BOJICTB B TOPHOW IPOMBIMUICHHOCTH)». MeTtoamde-
CKM€ YKa3aHHsI COCTaBIIEHBI B COOTBETCTBUH C YUE€OHOW MpPOTrpamMMOi 1o
JUCHUITIIUHE «I/IHOCTpaHHHﬁ SA3BIK» 1A (I)OpMPIpOBaHI/ISI WHOSI3BIYHOMN
po(hecCHOHATBHON KOMIIETEHIIK OyIyIIUX CIHEeNHaIncToB. B meTtomu-
YECKHUEC YKa3aHUA BKIIIOYCHBI ayTCHTUYHBIC TEKCThI, B KOTOPLIX OCBECIIA-
IOTCA OCHOBHBIC IIPOLECCHI aBTOMATHU3allU B MCTﬂJIHprH‘I@CKOI\/'I H rop-
HOM MPOMBIIICHHOCTH.

N3yyenne Mmartepuasia mpecieAyeT Leidb Pa3BUTHS HABBIKOB U
YMEHUI NPOCMOTPOBOrO M M3YYAIOLIETO YTEHUS TEKCTOB IIO HAlpa.ile-
HUIO TIOATOTOBKH, @ TAKXKE UX MEPEBOJA Ha PYCCKUH fA3BIK C MOCIEAYIO-
M HCIIOJIb30BaHUEM TIOJIYYCHHOW MH()OPMALUU IS PEUEBOM MPaKTH-
KH; OBJAaACHUE CTYACHTaMH HHOSI3BIYHON KOMMYHHKaTHBHO-pequOﬁ
KOMIICTCHIIMEH, TO3BOJISAIONICH OymyleMy CIEHUAINCTY OCYIIECTRBIATH
Mpo(hecCHOHANPHYI0 KOMMYHHUKAINIO; (OPMHpPOBaHHE aKTUBHOTO CIIO-
BapHOTO 3araca, KOTOPBIA BKIIOYaeT HambOoyiee ymoTpeOWTenbHBIE aHT-
JHMHACKUI TEPMHUHBI M BBIpaKkeHHs 1o Teme «Automation of technological
processes and production (Automation of technological processes and
production in metallurgical industry, Automation of technological
processes and production in mining industry)».



UNIT 1. BASICS OF AUTOMATION
1.1. Read and translate the text “What is Automation?”

Automation, application of machines to tasks once performed by
human beings or, increasingly, to tasks that would otherwise be impossi-
ble. Although the term mechanization is often used to refer to the simple
replacement of human labour by machines, automation generally implies
the integration of machines into a self-governing system. Automation has
revolutionized those areas in which it has been introduced, and there is
scarcely an aspect of modern life that has been unaffected by it.

In general usage, automation can be defined as a technology con-
cerned with performing a process by means of programmed commands
combined with automatic feedback control to ensure proper execution of
the instructions. The resulting system is capable of operating without
human intervention. The development of this technology has become in-
creasingly dependent on the use of computers and computer-related tech-
nologies. Consequently, automated systems have become increasingly
sophisticated and complex. Advanced systems represent a level of capa-
bility and performance that surpass in many ways the abilities of humans
to accomplish the same activities.

Automation technology has matured to a point where a number of
other technologies have developed from it and have achieved a recogni-
tion and status of their own. Robotics is one of these technologies; it is a
specialized branch of automation in which the automated machine pos-
sesses certain anthropomorphic, or humanlike, characteristics. The most
typical humanlike characteristic of a modern industrial robot is its po-
wered mechanical arm. The robot’s arm can be programmed to move
through a sequence of motions to perform useful tasks, such as loading
and unloading parts at a production machine or making a sequence of
spot-welds on the sheet-metal parts of an automobile body during assem-
bly. As these examples suggest, industrial robots are typically used to
replace human workers in factory operations.

The technology of automation has evolved from the related field
of mechanization, which had its beginnings in the Industrial Revolution.
Mechanization refers to the replacement of human (or animal) power
with mechanical power of some form. The driving force behind mechani-
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zation has been humankind’s propensity to create tools and mechanical
devices.

The developments have provided the three basic building blocks
of automation: (1) a source of power to perform some action, (2) feed-
back controls, and (3) machine programming [18].

1.2. Discuss the information from the text “Early developments of
Automation” with a partner.

The first tools made of stone represented prehistoric man’s at-
tempts to direct his own physical strength under the control of human
intelligence.

The next extension was the development of powered machines
that did not require human strength to operate. Examples of these ma-
chines include waterwheels, windmills, and simple steam-driven devices.
More than 2,000 years ago the Chinese developed trip-hammers powered
by flowing water and waterwheels. The early Greeks experimented with
simple reaction motors powered by steam. Windmills, with mechanisms
for automatically turning the sails, were developed during the Middle
Ages in Europe and the Middle East. The steam engine represented a ma-
jor advance in the development of powered machines and marked the
beginning of the Industrial Revolution. During the two centuries since the
introduction of the Watt steam engine, powered engines and machines
have been devised that obtain their energy from steam, electricity, and
chemical, mechanical, and nuclear sources.

Each new development in the history of powered machines has
brought with it an increased requirement for control devices to harness
the power of the machine. The earliest steam engines required a person to
open and close the valves, first to admit steam into the piston chamber
and then to exhaust it. Later a slide valve mechanism was devised to au-
tomatically accomplish these functions. The only need of the human op-
erator was then to regulate the amount of steam that controlled the en-
gine’s speed and power. This requirement for human attention in the op-
eration of the steam engine was eliminated by the flying-ball governor.
Invented by James Watt in England, this device consisted of a weighted
ball on a hinged arm, mechanically coupled to the output shaft of the en-
gine.
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A common example of a feedback control system is the thermos-
tat used in modern buildings to control room temperature. In this device,
a decrease in room temperature causes an electrical switch to close, thus
turning on the heating unit. As room temperature rises, the switch opens
and the heat supply is turned off. The thermostat can be set to turn on the
heating unit at any particular set point.

Another important development in the history of automation was
the Jacquard loom, which demonstrated the concept of a programmable
machine. About 1801 the French inventor Joseph-Marie Jacquard devised
an automatic loom capable of producing complex patterns in textiles by
controlling the motions of many shuttles of different coloured threads.
The selection of the different patterns was determined by a program con-
tained in steel cards in which holes were punched. These cards were the
ancestors of the paper cards and tapes that control modern automatic ma-
chines. The concept of programming a machine was further developed
later in the 19th century when Charles Babbage, an English mathemati-
cian, proposed a complex, mechanical “analytical engine” that could per-
form arithmetic and data processing. Although Babbage was never able to
complete it, this device was the precursor of the modern digital computer
[18].

1.3. Read the text “Modern developments of Automation”, find out
more information about the facts described in the text.

A number of significant developments in various fields have oc-
curred during the 20th century: the digital computer, improvements in
data-storage technology and software to write computer programs, ad-
vances in sensor technology, and the derivation of a mathematical control
theory. All these developments have contributed to progress in automa-
tion technology.

Development of the electronic digital computer (the ENIAC
[Electronic Numerical Integrator and Computer] in 1946 and UNIVAC |
[Universal Automatic Computer] in 1951) has permitted the control func-
tion in automation to become much more sophisticated and the associated
calculations to be executed much faster than previously possible. The
development of integrated circuits in the 1960s propelled a trend toward
miniaturization in computer technology that has led to machines that are
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much smaller and less expensive than their predecessors yet are capable
of performing calculations at much greater speeds. This trend is
represented today by the microprocessor, a miniature multicircuited de-
vice capable of performing all the logic and arithmetic functions of a
large digital computer.

Advances in sensor technology have provided a vast array of
measuring devices that can be used as components in automatic feedback
control systems. These devices include highly sensitive electromechani-
cal probes, scanning laser beams, electrical field techniques, and machine
vision. Some of these sensor systems require computer technology for
their implementation. Machine vision, for example, requires the
processing of enormous amounts of data that can be accomplished only
by high-speed digital computers. This technology is proving to be a ver-
satile sensory capability for various industrial tasks, such as part identifi-
cation, quality inspection, and robot guidance.

Finally, there has evolved since World War Il a highly advanced
mathematical theory of control systems. The theory includes traditional
negative feedback control, optimal control, adaptive control, and artificial
intelligence. Traditional feedback control theory makes use of linear or-
dinary differential equations to analyze problems, as in Watt’s flying-ball
governor. Although most processes are more complex than the flying-ball
governor, they still obey the same laws of physics that are described by
differential equations. Optimal control theory and adaptive control theory
are concerned with the problem of defining an appropriate index of per-
formance for the process of interest and then operating it in such a man-
ner as to optimize its performance.

Artificial intelligence is an advanced field of computer science in
which the computer is programmed to exhibit characteristics commonly
associated with human intelligence. These characteristics include the ca-
pacity for learning, understanding language, reasoning, solving problems,
rendering expert diagnoses, and similar mental capabilities. Develop-
ments in artificial intelligence are expected to provide robots and other
“intelligent” machines with the ability to communicate with humans and
to accept very high-level instructions rather than the detailed step-by-step
programming statements typically required of today’s programmable ma-
chines [18].



I1. Study the following words and expressions:

human labour — genoBeveckuii Tpyx;

self-governing system - camoynpasisieMasi CUCTEMa,;

perform a process — BBIMOJHUTH/OCYIIIECTBUTD MPOIIECC;

programmed commands — 3amporpaMMHUpOBaHHBIE KOMAHIbI;

automatic feedback control — aBromarudeckoe peryaupoBanue ¢ oopart-
HOH CBSA3bI0;

proper execution — mommkHOe/HaAIEKAIIEE UCIIOHEHHE;

robotics — pobororexHuka, poOOTOTEXHUUECKHE CPEACTBA,;

spot-weld — ToyeuHas cBapka, TOUCUHBIN IIIOB;

sheet metal — mucroBas cranp, METAIUINYECKUI JIUCT;

automobile body — aBToMoOMIIBHBII KY30B;

assembly — coopka JacTeil; KOMIUIEKT HHCTPYMEHTOB;

driving force — nBuwxyuas cuna,

machine programming — co3aaHue MalIMHHOTO KO/, MAIIMHHOE TPO-
rpaMMHPOBaHUE,;

waterwheel — BonsiHOE KOJIECO;

windmill — BeTpsiHast MenbHHIIA;

steam-driven — ¢ mapoBbIM JBUTATENIEM;

trip-hammer — namaroruii CBalHBIN MOJIOT, MEXaHHUUECKUIT MoJTOT; Valve
- KJIamaH;

piston chamber — mosocTs HUIMHAPA, OPITHEBAsA KaMepa;

flying-ball governor — nentpo6exHslii peryssiTop ¢ mapoBbIMU FPy3aMH;
hinged arm — xkopoMBbICI0, TOABMKHBIN X000T, KQUarOIIHUICS PHIYar;
output shaft - BerxomHoM/BEIBOAHOI Ba;

Jacquard loom — Tkankwuit ctanok XKakkapza (¢ aBTOMaTH4ECKUM yIpaB-
JICHUEM C MTOMOIIIBIO TIepOKapT);

shuttle - Tkankuii YeITHOK, IETaIb C BO3BPATHO-IIOCTYIIATEIbHBIM JBHKE-
HHEM;

thread — HuTKa, HUTH; IIEITOYKA KOMAHT,

data processing — o6pabotka uH(pOpMaIKK; Precursor — mpeamnecTBeH-
HHK, TIPOTOTHIT,

ENIAC — DHUAK, anexTpoHHbIl 1H(POBOI MHTErpaTop U KalbKyJIs-
TOP;

UNIVAC - ynuBepcansHbIil aBToMaTHueckuit komnostotep Y HUBAK;
integrated circuit — uHTerpanpHas MUKpOCXeMa,
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implementation — peanu3zarus, BHeIpEHUE.

I11. Complete the table and make 5 sentences with any of the words
from the table.

verb noun adjective/participle
implement
control
automation
performed
operation

IV. Answer the following questions:

NoookrwdE

8.

9

What do terms “automation” and “mechanization” mean?

How can automation be defined?

What is implied in Robotics?

What are three basic building blocks of automation?

What information do you know about the Industrial Revolution?
How were steam engines operated?

What is a common example of a feedback control system? How
does it work?

What are Joseph-Marie Jacquard and Charles Babbage famous
for?

What do abbreviations ENIAC and UNIVAC stand for?

10. Can you describe recent advances in sensor technology?
11. What is a theory of control systems?
12. What are advantages of artificial intelligence?

V. Insert the missing words and expressions:

the Jacquard loom; automation;
feedback control theory;
the Industrial Revolution; Machine vision;
Artificial intelligence; human intelligence;
performance; thermostat;
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1. is an advanced field of computer science in
which the computer is programmed to exhibit characteristics commonly
associated with

2. , for example, requires the processing of
enormous amounts of data that can be accomplished only by high-speed
digital computers.

3. Advanced systems represent a level of capability and
that surpass in many ways the abilities of humans to
accomplish the same activities.

4. Another important development in the history of automation was
, Which demonstrated the concept of a pro-

grammable machine.

5. Traditional makes use of linear ordi-
nary differential equations to analyze problems, as in Watt’s flying-ball
governor.

6. A common example of a feedback control system is the

used in modern buildings to control room temperature.

7. The technology of has evolved from the
related field of mechanization, which had its beginnings in

UNIT 2. AUTOMATION IN METALLURGICAL INDUSTRY

I. Analyze excerpts from the articles below. Give a brief summary of
each one.

2.1. Computer-integrated control of metallurgical complexes using
forecasting simulation

In modern metallurgical production the greater part of products is
made in the automated technological complexes (ATC). Since the pro-
ductive efficiency and, respectively, the production capacity are not the
only indicators of the enterprise performance with the computer control
integrated, there is a whole series of challenging problems involved in the
ATC synthesis. These problems need to be solved at different stages of
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the ATC life cycle (at planning, strategic planning, current planning,
modernizations etc.).

Results of the simulation modeling done for the energy saving
control in the "furnaces — hot strip mill"* ATC led to implementation of
the main components of the software and algorithms package SUET
(System Used in Energy-saving Technology). The study of the results of
controlling the "furnaces — hot strip mill"* ATC with the use of the SUET
components allows establishing the quantitative and qualitative relations
of the power used and the modes of rolling.

The efficiency of algorithms of the initial adjustment of the ener-
gy-saving control and its updating to fit different rolling modes is manif-
est in higher efficiency of the strip rolling mills and lower metal burn out
in slab heating due to shorter heating time; lower energy use in the metal
heating and rolling; higher quality of the finished products thanks to met-
al temperature stabilization at the output of the train [11].

2.2. Improvement of the automated control systems for the develop-
ment of metallurgy

Over the last decades, Russian metallurgical enterprises are the
major suppliers of steel products in the world market. The main advan-
tage that causes the Russian metallurgical enterprises export success is in
the fact that the high quality of its products satisfies the world standards
requirements. Experts predict high production growth in the Russian me-
tallurgical industry in 2030. The world economy forecast for the follow-
ing decade assumes two scenarios of sustainable rise in production of the
Russian metallurgical companies.

The first scenario is based on the existing enterprises principles
and suggests the non-ferrous metals production growth in 2030 is able to
be increased by 40%. The second scenario involves the metallurgical in-
dustry innovative development that can make possible to increase the
production in 2030 by more than 48%. Such programs follow both Rus-
sian and international laws in the fields of labour and environmental safe-
ty at the metallurgical enterprises. However, there are definitely some
challenges on the path of innovative development of the steel industry.
They are: facilities and equipment wear and tear high percentage; lack of
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the necessary number of highly skilled specialists; ore composition hete-
rogeneity, etc.

These factors not only lead to negative economic and technical
results but also cause emergencies with serious social and environmental
aftereffects. Thus, one of the key tasks of innovative development of the
steel industry is to work out intellectual information management systems
that improve conditions of labor and environmental safety, both within
the enterprise and the surrounding areas. In this light, the aim of our work
is the development of smart information systems for improving the metal-
lurgical enterprises Industrial control system (ICS).

Today, the responsibility for the technological processes man-
agement has considerably increased and management information sys-
tems (MIS) such as SCADA are partially in charge of the production
safety. These systems, SCADA trace mode v.6 in particular allows them
to be upgraded. This fact in its turn allows us to consider it as the most
perspective way to manage in complex automated systems due to the pos-
sibility of modernization.

It is discovered by the authors that the principle of openness
bases of SCADA Systems, allows to introduce additional modules with-
out significant human and financial costs, designed to solve the following
problems: increase the economic and environmental assessment of the
enterprise; reduction of the environmental costs; maintenance of the sta-
ble operation of equipment and chemical composition of raw materials
within the standards; safeguarding of the enterprise high rating on a do-
mestic and international markets. These tasks are proposed to be solved
by the Smart Advanced Warning System (AWS) development and its
integration into the ICS of the metallurgical enterprise.

During the AWS development process the complex man-machine
systems creation experience for other industries, including the transport
safety and the glass manufacture, was taken into consideration. AWS al-
lows to evaluate current production situation and to demonstrate effective
solutions connected with the impact on the technological situation, in-
cluding the pre-emergency and emergency ones. The developed AWS has
smart properties and provides the substantial improvement of the overall
automation of metallurgical enterprises [6].
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2.3. Innovations in Monitoring, Control and Design of Laser and
Laser-Arc Hybrid Welding Processes

With the rapid development of high power laser, laser welding
has been widely used in many fields including manufacturing, metallur-
gy, automobile, biomedicine, electronics, aerospace etc. Combining the
two heat sources of laser and arc for welding can achieve excellent results
due to the synergistic effect. Laser welding is a complicated physical and
chemical metallurgical process, involving the laser beam and molten
pool, keyholes and materials melting, evaporation and multiple physical
process. Process monitoring and quality control are important content of
research and development in the field of laser welding, which is the pre-
mise to obtain fine weld with high quality. Numerical simulation tech-
nology (NST) can describe many complex physical phenomena in weld-
ing process, which is very important to predict weld forming and quality
and clarify the underline mechanism. In this paper, the research progress
of process monitoring, quality control and autonomous intelligent design
of laser and laser-arc hybrid welding based on numerical simulation were
reviewed, and the research hotspots and development trends of laser
welding in the future are predicted.

Because of the complexity of the laser welding, it is impossible to
obtain the required useful information only by using a single or multiple
sensors. However, the information obtained by various sensors may be
redundant or even contradictory. So, this requires the sensor “fusion”
technology. In order to achieve this goal, neural network is a useful me-
thod. At the same time, neural network technology has a great potential in
pattern classification and recognition. The neural network has a good
learning ability, and the repeatability of laser welding process provides
the neural network with learning conditions.

In summary, laser welding has the characteristics of high precision,
high efficiency and strong adaptability, and has the advantages of easy
automatic control of parameters, good repeatability and reproducibility. It
can improve the stability of product quality. Therefore, it has been widely
used in many fields. Based on the industry’s demand for automatic and
intelligent welding, the research on the monitoring, quality control and
monitoring-feedback-parameters adjust integrated control of laser weld-
ing process has attracted extensive attention. Various sensors such as in-
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ductance, capacitance, acoustic wave, photoelectric and vision are used to
realize weld tracking, defect detection and weld forming quality monitor-
ing according to different laser welding processes and requirements
through artificial intelligence and computer processing methods; the
welding process are adjusted through feedback control, so as to finally
realize the automation and intelligence of laser welding process. Al-
though scholars have conducted plenty of research, its application and
promotion still face many bottlenecks to be broken through. The main
reasons are as follows: on the one hand, the process window of laser
welding is narrower than that of traditional arc welding, which is charac-
terized by small weld pool size. Therefore, it is very sensitive to the fluc-
tuation of assembly clearance and equipment state. It is easy to produce
defects such as poor fusion, pores, cracks and splashes. On the other
hand, the absorption rate of metallic material to laser directly affects the
thermal efficiency and stability of welding process. In addition, the laser
precision welding of ultra-thin and ultra-fine parts in the fields of elec-
tronics, communications and aviation, as well as the automatic intelligent
welding of large thickness and large size parts in the fields of electric
power, chemical industry and locomotives, has attracted wide attention
[10].

Vocabulary

Advanced Warning System (AWS) — ycoBepilleHCTBOBaHHAsI CHCTEMa
TPE Y P ICHUSL,

enterprise performance — sesiTebHOCTD TPEANPHUATHSI, TPOU3BOICTBEH-
HbIE MTOKA3aTeN OTICIbHON OTpaCIIy;

equipment wear and tear — u3Hoc o0opyoBaHus;

forecasting simulation — MoenupoBaHue TEXHUYECKOTO MPOTHO3UPOBA-
HUS,

Industrial control system (ICS) — aBromaru3upoBaHHas cUCTeMa yIpaB-
JIEHWsST TEXHOJOTHYECKUMHU MPOIECCAMH; TMPOMBIIIICHHAS —CHCTEMa
yIIPaBJICHHUSE, aBTOMATH3UPOBAHHAS CHCTEMA YIIPABJICHUS;

long-term development — nonrocpounoe pasBuTHE, MEPCIIEKTHBHAS Pa3-
paboTka;

Management Information system (MIS) — ynpasnendeckas mH(OpMa-
[IMOHHAsl CHCTEMA,
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metallurgical production — meTamtyprudeckoe mpon3BOCTBO;

satisfy the world standards requirements — ymaoBieTBopsTh (COOTBETCT-
BOBAaTh) TPeOOBAHUSIM MHUPOBBIX CTAaHIAPTORB;

SCADA — ACYTII (aBTOMaTU3UpOBaHHAS CHCTEMa YIPABICHUS TEXHO-
JIOTHYECKHUM TIPOIIECCOM)

steel product — cranbHOe U3EIME, CTANIBHOM MaTepHall, METAIIOIPOKAT;
strip rolling mill — monocoBoii npokaTHIii cTaH.

I1. Answer the questions.

1. What are indicators of enterprise performance?

2. What are possible scenarios of sustainable rise in production of
the Russian metallurgical companies?

3. Can you explain the abbreviations ATC, SUET, ICS, MIS,
SCADA, AWS?

4. What is the connection between numerical simulation technology
and laser welding?

I11. Insert the missing words and expressions:

steel products; laser welding;
welding process; metallurgical production;
monitoring-feedback-parameters SCADA;
automatic control of parameters

1. In modern the greater part of prod-
ucts is made in the automated technological complexes (ATC).
2. With the rapid development of high power laser, has

been widely used in many fields including manufacturing, metallurgy,
automobile, biomedicine, electronics, aerospace etc.

3. Over the last decades, Russian metallurgical enterprises are the major
suppliers of in the world market.

4. Today, the responsibility for the technological processes management
has considerably increased and management information systems (MIS)
such as are partially in charge of the production safe-

ty.
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5. Numerical simulation technology (NST) can describe many complex
physical phenomena in , Which is very important
to predict weld forming and quality and clarify the underline mechanism.
6. In summary, laser welding has the characteristics of high precision,
high efficiency and strong adaptability, and has the advantages of easy
, good repeatability and reproducibility.
7. Based on the industry’s demand for automatic and intelligent welding,
the research on the monitoring, quality control and
adjust integrated control of laser welding process has attracted extensive
attention.

IV. Find further information about automation processes in metal-
lurgical industry, make a presentation, share information with your
group mates.

UNIT 3. AUTOMATION IN MINING INDUSTRY

I. Analyze excerpts from the articles below. Give a brief summary of
each one.

3.1. Concept of shield-data-based horizon control (SDHC) for long-
wall coal mining automation

Coal is an important fossil fuel and will also be for the next dec-
ades. Thus, there have been several approaches and researches in long-
wall coal mining automation which are mainly focused on the shearer as
the executing machine. In addition approaches of coal interface detection
have to be taken into account for horizon control to reach autonomous
shearer guidance. The shield-data-based horizon control is an alternative
control approach which integrates data from the roof support as input and
feedback to reach an automatic cutting drum height adjustment with the
aim to follow the seam trend, generate a defined face opening and keep it.

A longwall coal mining workface is a complex system. Funda-
mental analyses based on a simulation model make the system behavior
of a longwall workface visible. Therefore, the cut contour and the seam
trend are considered. Regarding the simulation results for the non-
controlled system it is obvious that the system does not reach a stable rest
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position without a recurring override by an operator or another control
concept. Therefore the SDHC is introduced as an approach for longwall
coal mining horizon control. The control objectives are the generation of
a desired face opening as well as the tracking of the seam trend. Thus the
SDHC approach integrates the roof support for data acquisition but did
not need the memory cut as almost all other horizon control methods. The
schematic of the SDHC control algorithm and test results for different
conditions are shown. The experiments have shown promising results
referring to the control aims. The defined face opening is generated and
kept, the controlled system follows changing seam trends and the system
behavior is stabilized. The next steps in the development of an autonom-
ous horizon control by using SDHC is the application in an underground
mine [9].

3.2. Future automation systems in context of process systems and
minerals engineering

The mining industry is confronted with a number of technologi-
cal challenges along the entire production value chain. There is a need for
innovative production solutions to bring the next digital generation to the
raw material field. Industry 4.0, Industrial Internet of Things (I1oT),
Cloud Computing and Artificial Intelligence (Al) are today the mega
trends in the field of process automation.

Autonomous driving has been one of the most important technol-
ogy drivers for digital transformation in mining industry. Mining industry
involves heavy equipment which must be also reliable and operational.
IoT sensors provide maintenance data for analysis at the edge of the
computing platform enabling a closer focus on operation. As the technol-
ogy becomes more widespread, it will allow mining companies to con-
sider the installation of mine operation centers for monitor their mines,
automated vehicles and performance remotely. 10T platforms will offer
great opportunities to build these centers using the latest technology.

The digital twin is a digital replica of a mineral processing
equipment, process or the whole plant. At the heart of the digital twin is a
model that represents the attributes and operation of the system. A digital
twin usually also includes artificial intelligence in its self-learning. Most
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of the digital twin services in mining and mining engineering are today
based on steady state models of unit processes and equipment [8].

3.3. Deep learning in mining and mineral processing operations

Digitalization of the manufacturing industries is growing rapidly
in what is often referred to as the 4" Industrial Revolution or Industry 4.0,
and in this respect the mining industry is no exception. Massive quantities
of data drive these developments. The knowledge derived from these data
is obtained by means of machine learning, which has been evolving in the
broader field of artificial intelligence, since the mid-20" century.

Deep learning, a subset of machine learning, has achieved signif-
icant breakthroughs in a range of applications in recent years. Unlike
many other machine learning methods, deep learning naturally takes ad-
vantage of automatically discovering features and patterns from data
combined with modeling structures capable of capturing highly complex
behavior.

Broadly speaking, these deep learning architectures can be cate-
gorized as unsupervised, supervised and hybrid methods. Unsupervised
methods are typically used for feature extraction and can be combined
with supervised methods designed for regression or classification prob-
lems to yield hybrid methods. Some examples of these hybrid approaches
include pretraining of convolutional neural networks with deep autoen-
coders or deep multilayer perceptrons with deep belief networks.

While digitalization of the mining industry is advancing in many
ways, the industry tends to adopt technology, rather than leading in its
development. Insight into future development can therefore be gained
from recent developments in manufacturing. In this area, some novel ma-
chine learning methodologies closely tied to deep learning are emerging.
This includes deep reinforcement learning and adversarial learning [7].

I1. Match the left and the right.

1. Roof support a) TayboKoe OOydueHHe ¢ TOAKpeErIe-
HHEM
2. Cutting drum b) Tlpombiennsiit MarepHeT Bemiei
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3. System behaviour C) METO MAIIMHHOTO O0YUYCHHUS

4. Work face d) BUpTyanbHbIii MakeT, BUpTyajbHas
KOIHSI

5. Production value €) CTOMMOCTh TMPOIYKIIUH, 00BEM IPO-
M3BOJICTBA

6. Cloud Computing f) BeIYMCIICHHST IPY TIOMOILY HHTEPHET-
pecypcoB, 00paboTka OOJIaYHBIX JaH-
HBIX

7. Maintenance data 0) 9KCIUTyaTal[MOHHBIC JIaHHBIC, Mapa-
METpPbI TEXHHYECKOT0 00CITy)KUBAHUSI

8. Digital twin h) kperieHre KpOBIIH, MOIEPKAHHE
KPOBIIH

9. Deep reinforcement | i) cocrszaTenbHoe OOydeHHE (METOX

learning

rIyOOKOTO OOyYeHHs NBYX MPOTHBO-
OOPCTBYIONINX HEMPOHHBIX CeTe)

10. Adversarial learning

i) dpesepuriii 6apaban

I11. Answer the questions.

1.
2.
3.
4,

5.

What are approaches and researches in longwall coal mining au-

tomation?

What is a shield-data-based horizon control?

Describe the SDCH approach.

What are Industry 4.0, Industrial Internet of Things (1loT), Cloud
Computing and Acrtificial Intelligence (Al)?

What is specific about the digital twin?

IV. Find further information about automation processes in mining
industry, make a presentation, share information with your group

mates.
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UNIT 4. Translation Challenge (from English into Russian).

4.1. What is RPA?
RPA is a generic tool to create specialized agents (i.e. bots) which can
monitor users’ interactions with GUI elements while performing a task in
order to replicate it.
There are currently 2 main types of RPA regarding the way they work:

e Rule-based bots which leverage screen scraping to perform pre-
built tasks according to if-then rules (e.g. if new email arrives,
then download attachment)

e Al-enabled bots, also known as cognitive RPA, which do not
necessarily need rules, instead they wuse Al algorithms
(e.g. OCR, NLP, text analytics) to understand process develop-
ment and replicate it.

What are the benefits of RPA?

Manual processes are inefficient, prone to errors and lead to employee
dissatisfaction. According to vendor studies about benefits, leveraging
RPA enables businesses to:

e increase speed of / reduce errors in customer-facing processes to
increase customer satisfaction (62%)

e allow employees to focus on higher value-added activities im-
proving both business results and employee satisfaction (61%)

o reduce costs of wages and outsourcing (25 — 60%)

What makes RPA different from other automation solutions?

RPA’s power lies in its 4 pillars: Flexibility: RPA is a great can-
didate to automate numerous daily jobs as it’s been estimated that a typi-
cal rule-based process can be 70%-80% automated. For instance, workers
receive some input whether it is an email or a system notification. In re-
sponse, they conduct a rule-based analysis and take an action like making
changes on files or programs. An RPA bot is capable of replicating these
GUI-based processes.

Ease of integration: RPA bots do not need to be integrated with
most software. Thanks to screen scraping and existing integrations, they
can input and evaluate the output of almost all Windows applications.

Ease of implementation: RPA can be set up as simple as setting
up a macro by recording your actions. There are also low-code and no-
code solutions which leverage drag and drop interfaces for setting up au-
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tomation. The next generation RPA bots, also called cognitive or intelli-
gent automation, take this one step further, learning activities to be auto-
mated based on employee’s actions.

Cost: Robots are cheaper than humans! Business process out-
sourcing solutions are no longer economical when those processes can be
automated yielding better results and requiring less cost than outsourcing.
However, BPO firms also smartly embraced RPA reducing their costs
even further. So some BPO solutions can be considered as outsourced
RPA solutions and they can be very efficient as they leverage a BPO’s
economies of scale [12].

4.2. How Al Helps Boost Mining Safety and Profitability

Predictive technologies take the mining world by storm, provid-
ing new insights to help them avoid dangerous situations and costly mis-
takes. The right predictive maintenance software will utilize existing
hardware and data captured with minimal impact to operations.

The adoption of digital technology in the heavy-duty industry,
such as mining and mineral processing, has taken longer compared to
other industries, such as oil and gas. Although both are very intensive
users of large assets, there is a widespread idea that mining is naturally a
wear industry, where most equipment deteriorates very quickly, and its
failures are unpredictable. Therefore, being able to manage frequent shut-
downs and the excessive preventive maintenance of critical equipment
has, historically, been the standard practice in this industry.

According to the Occupational Safety and Health Administration
(OSHA), more than 20 percent of the accidents in the industry occur dur-
ing unplanned downtime or machine failures. Out of the 80 percent of
accidents that happen during normal routine maintenance, many occur
due to lack of subject matter expertise, lack of having a preliminary diag-
nostic before approaching the machine and defective work methods.
Beyond safety, cost is another issue that arises with standard preventive
maintenance.

Moving from Preventive to Predictive

Preventative maintenance involves processes and activities that
do not treat or address the underlying problem and often prolong or delay
the inevitable. This often means additional downtime or replacement
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costs through early change out of equipment. We have seen many exam-
ples of additional preventative maintenance activities that are executed
poorly, through incorrect change out and have introduced further issues.
This all leads to more work and ultimately increases the safety risk.

Predictive maintenance is a different approach; it employs po-
werful Al and machine learning to analyze a wide range of factors and
variables in production, can determine from that analysis which variables
will lead to certain patterns and behaviors of plant equipment, both fixed
and mobile equipment. It categorizes asset conditions as into three buck-
ets: normal behaviors, anomaly behaviors or failure patterns. The system
can then alert mining companies to failure, well in advance (weeks, even
months) of the actual breakdown of the equipment, and it is all based on
early warning signs and patterns found in operational data. For example,
when the system monitors asset behavior, if it detects something that de-
viates from normal conditions it will send an alert to staff — this gives
staff the opportunity to make appropriate adjustments and plan ahead to
better accommodate downtime if the equipment needs to be serviced,
shifting production schedules accordingly [13].

4.3. Advantages of CNC Machining Over Traditional Machining

With the development of PCs, numerical systems penetrated al-
most all industries. Today, CNC machines are popular with most manu-
facturers across the board for manufacturing and fabricating applications.
CNC systems are a significant part of modern machining technologies.
CNC is short for Computer Numerical Control, and the machine mechan-
ism and tools are connected to a unique digital control system.

Principles of CNC and Traditional Machining

The Numerical Control system is made up of both software and
hardware. The operator works with the software to monitor the machine
tools and to create programs. Numerical Control programs are lists of
instructions instructing how the machine should work to process parts.
The NC hardware reads the program and tells the machine tool how to
act.

Advantages of CNC Machining
Worker Safety
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The CNC machine operator is safe from any sharp parts behind a protec-
tive construction. The operator can see what is going on in the machine
tool via the glass. The operator does not necessarily need to go close to
the spindle or mill. The operator does not have to come near the cooling
fluids. Some fluids are dangerous to human skin, depending on the ma-
terial.

Economy of Labor

Traditional machine tools needed the operator to pay close attention and
move each part of the tool. As a result, each worker could only operate
one machine tool. With the CNC, this changed, and most pieces only take
about half an hour to process during each setup. The CNC machine tool
cuts without help, and the operator does not have to do anything. The tool
automatically moves, with the operator just checking for errors in the se-
tup or program. This situation means the operator has free time in be-
tween, time that can be used to operate more tools. With one operator
with several machine tools, you can save on the costs of hiring more
people to work the machines.

Reduced Error in Set-Up

Traditional machine tools rely on the proficiency of the operator in using
measuring instruments. Some good workers are capable of setting up
parts with a lot of precision, but they are very few. This is why CNC sys-
tems employ a special coordinate measuring probe, which is installed into
the spindle. The probe touches the fixed part to set its position. The coor-
dinate system zero points are certified so that the setup errors are reduced.
Reduced Test Runs

Traditional machining has a few test parts. The operator must get ac-
quainted with the technology and might miss some things while doing the
first part. CNC systems have ways to avoid doing test runs. They use vi-
sualization systems that allow the operator to see what will happen after
the tool passes are finished.

Conclusion

The traditional machining was tedious and had more possibilities for er-
rors. CNC machining came along to ease the burden of having to do eve-
rything manually. The CNC assures you of worker safety, reduces the
need to employ more operators as the CNC allows multitasking and my-
riad other advantages [14].
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4.4. Computer Numerical Control (CNC) Machining

For all of the miraculous technologies with which 21st-century
cultures are confronted—e.g. smartphones, artificial intelligence, and
global positioning systems, to name a few-there is one that flies just un-
der the radar. Computer Numerical Control, or CNC, machining is re-
sponsible for major advances in the manufacturing process. Essential-
ly CNC machining involves machine tools performing tasks according to
the directions of software programs. So, an activated CNC system can
direct, for example, a gear shaper to cut a gear’s teeth at a certain pre-set
angle or specific speed. In so doing, it increases uniformity and precision
with each and every task.

Applications for CNC Machining Services

CNC machines are present in various industries. Milling, for ex-
ample, is the evacuation of surface materials ranging from highways to
blades. The cutting tool itself passes over the surface inflicting multiple
small cuts with its spinning teeth. Shaved pieces clump together as chips,
making them easier to clear. Depending on the materials encountered,
and the scope of the project, the milling tool is set at a particular speed or
feed rate. Milling machines cut at varied angles along up to five axes.
CNC milling is performed with preset feed rate, angle dimensions, and
axes. The job gets done with no, or at most minimal, minimal human in-
tervention.

CNC machining services also improve lathe work. A lathe is used
to shape metal (or wood) for a distinct purpose. As the workpiece is se-
cured and continuously rotated on a spindle, the lathe made cuts of de-
fined size, angle, and tapering, whether for shaping large metal cylinders
or creating the threads for small screws. Lathes work best for pieces
where the symmetry converges at a single axis. The cutting tool then
moves from the center to the edge. The geometry of camshafts, gun bar-
rels, and furniture legs make lathe turning optimal for these pieces. With
CNC machining, the lathe cutting function operates per G-Code instruc-
tions that direct the machine on the location, depth, and area for chipping.
3D Hubs — Get your parts into production in less than 5 minutes [15].
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4.5. CMMS for Paperless Mining Operation

How do you bring productivity in the mining operation? Accord-
ing to the McKinsey research, worldwide mining operation are as much
as 28% less productive today than a decade ago. To remain competitive
in the business being productive is a must.

The paper-based system has come to an end, and it creates an ex-
cessive cost that can be saved from an automated system. Moreover,
companies are also seeking solutions that are cost saving but easy to dep-
loy and keep competition up front in the market. No doubt a single dollar
saving can bring massive difference for the company. CMMS a paperless
system can optimize the mining operation. Here is how CMMS can bring
the concept of the paperless mining operation.

What is CMMS

CMMS is a Computerized Maintenance Management Software.
This software is used to optimize the maintenance of the machine so that
your machine never experience sudden shutdown. Some application of
CMMS only comes with the desktop version; some even comes with a
mobile app and web-based platform which creates an extra layer of flex-
ibility in the usage of the app. CMMS with mobile application brings
flexibility, real-time monitoring facility and on time updates that lead to
prompt decision making.

CMMS Brings Paperless Work Order Management

Think about, how difficult it is to manage work order using a
manual log book. One has to maintain a separate logbook for managing a
distinct task. CMMS application eases the whole system. The app brings
all the task in one place from where a user can assign work order, send
work request, resolve issues and check update and so on. Even some ap-
plication comes with a mobile app from which a user can manage work
orders remotely.

Prompt Decision Making

Stop using a pile of papers, and a CMMS application brings all
the information in one place. A mine operation personnel can check up-
dates whenever they want and take decision promptly. In paper-based
system decision making used to be lengthy as access to information tend
to follow a lengthy process. CMMS makes it easy for all to get access to
the recent update of the maintenance.
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Digitalize Multiple Site Management

A mine business owner can have multiple fields that need to be
managed simultaneously. A system can hardly do it. One has to handle a
pile of papers to manage the multiple site’s machines, keep track of the
maintenance of their devices. CMMS renovate the whole process; this
application enables a user to manage their multiple sites from a remote
location. You can check all the detail of the machine located in your mul-
tiple sites. You can get an update of maintenance, scheduled mainten-
ance, machine performance report, schedule inspection report and so on
all from a single application. Moreover, some application comes with a
mobile application which enables you to check the update on the go.
Sudden break down of your machine can cause huge loss to your busi-
ness. Using paper-based system can be tiresome, unproductive and can’t
give you updates whenever it is needed. Moreover, a paper-based system
is prone to human error costly and creates a legacy system. Only an ap-
plication can make your task efficient, fast and productive [16].

4.6. 5G and the Industrial 10T

At risk of falling further behind the competition, the U.S. is
marching full speed ahead in the race for 5G. Earlier this year, the Feder-
al Communications Commission (FCC) voted to accelerate the deploy-
ment of 5G networks by eliminating local rules and regulations. Instead
of taking months or even years to review a carrier’s application to install
5G cells on existing structures, cities and states now have just 60 days to
reach a decision. When it comes to new buildings, the timeline is ex-
tended by just 30 more days.

Above all else, technologies like telematics and robotics will be-
come a much more common sight. From reduced latency to greater auto-
mation, see what’s in store for the industrial internet of things (IloT) as
new innovations are implemented.

Speed things up

5G is more than just an upgrade. With speeds up to 100 times
faster than a 4G LTE connection, 5G networks will revolutionize the
IloT. Often plagued by latency issues, companies limit the number of
connected devices they deploy. After all, what good is an 1loT application
if data can’t be processed in a reasonable timeframe?
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The power of 5G resolves issues tied to data transmission. Rather
than bringing a network to a halt with too many connected devices, you
can use more technologies than ever before. Better yet, improved data
processing sets the stage for more valuable insights.

Usher in automation

Automation is on the rise. Among the most important reasons for
this sudden surge is the advent of 5G. While robots made their way onto
the factory floor years ago, they’ve only just started to assume greater
responsibility. Instead of settling for simple tasks that require minimal
data processing, robots are leveraging 5G wireless networks to more effi-
ciently communicate with other machines as well as their human coun-
terparts.

Current networks don’t have the bandwidth to keep up with the
data requirements of complex tasks. With 5G, however, data gathered by
robots can be processed fast enough to avoid the latency issues that often
limit automation. Jobs previously reserved for skilled workers can be
passed to robots that use available information to improve over time. The
speed and reliability of a 5G network can even welcome remote control
and monitoring of safety-critical applications [17].

UNIT 5. Translation Challenge (from Russian into English).

5.1. «B ocHoBy knaccupukanuu ACY MOTyT OBITH MOJIOKEHBI
pa3iauuHble TpU3HaKU... ONHUM U3 TJIaBHBIX MIPU3HAKOB SIBISIETCA METOJ
ynpasiieHus, 1o koropomy ACY noapasaensioTcst Ha JBa Kiacca: CUCTe-
MBI, HENpUCIOCAOIMBAIOIIMECS K HM3MEHSIOLIMMCS YCIOBHAM pPabOTHI
00BbeKTa yNpaBleHHs, ¥ MPUCIIOCA0TUBAIOIIUECS, WU aJJallTUBHBIE CHC-
TEMBI.

Henpucnoca6bnusatomuecst ACY — 310 Hanbonee mpocThie CUC-
TE€MbI, HE M3MEHSIONIME CBOEH CTPYKTYyphl M IapaMeTpOB B IpOIECCEe
ympasienus. .. Hempucnocabnusaronuecss ACY moapa3aensroTcs Ha Tpy
TUNA: CTAOMJIU3UPYIOLIME CHCTEMBI, OOECIIeUMBAIOIIME IOJAEP)KaHHE
YOpaBiIsieMONW BEIMUYMHBI Ha MOCTOSHHOM 33JJaHHOM 3HAY€HWH; MpO-
TpaMMHBIE CUCTEMBbI, 00ECIICUHBAIONINE U3MEHEHUE YIPABISIEMON BEJIH-
YHMHBI 110 33JaHHOW NPOrpaMMe U3MEHEHUS 3a1aHusT; CIESIIIE CUCTEMBI,

27



o0ecrneunBarone N3MEHEHNE YITPABIIIEMON BEIMUUHBI B ONPEACICHHOM
COOTHOIIIEHUH C 3aJafOIINM BO3IECHCTBHEM.

IIpucnocabnuBarommecs, wi aganTuBHbie, ACY — 3T0 Takue
CUCTEMBI, B KOTOPBIX MapaMeTPhl YIPABJISIOIINX BO3ACHCTBUN WM allro-
PUTMBI YIIPABICHUS ABTOMATUYCCKH W IICJICHANPABICHHO W3MEHSIOTCS
JUTSL OCYIIECTBJICHHUS B KAKOM-JTHOO CMBICIIE HAWIYYIIEeTo ()ONTUMAIBHO-
r0_ YIOpaBlIeHUS OOBEKTOM, MPUYEM XapaKTCPUCTUKAa OOBEKTa WU
BHCIITHHE BO3JICHCTBHS HAa HETO MOTYT M3MEHSATHCS 3apaHee HENpeIBU-
IEeHHBIM 0OpaszoM » [4: 16-18].

5.2. «B OOJBIIMHCTBE TEXHOJOTHMUYECKUX IPOILECCOB TpeOyeTcs
crabnnmsanust AasieHus. [lomnepxaHvwe AaBleHUS B OMHUX CIydasx
00yCIIOBIIEHO TEXHOJIOTUYECKHM PETJIAMEHTOM TIpoIiecca, B JPYTUX He-
00X0AUMO JUIsl TIPEONONICHUSI PA3IUUHBIX TUAPABINYCCKUX COMPOTHUBIIC-
HHU.

[Ipu moHMXEHNN JaBIEHUS yXY/IIAIOTCS PEXXUMHBIE TIOKa3aTeIn
TEXHOJIOTHYECKOTO MpOIIecca, MPU MOBBIIICHHN — BO3HUKACT aBapuiiHas
cUTyanus (pasrepMeTH3alys WK Ja)ke pa3pblB amnmapara). peryjiupoBa-
HUE JABJICHUS OOBIYHO OCYIIECTBISETCS N3MEHEHHEM Pacxoja BellecTBa
Yepes amnmapat Ha CTOpOHE MOIa4YH W MOTPeOIeHusl. DTO JOCTUTAETCS C
MOMOIIBIO PEryIUPYIOIETO OpraHa, H3MEHSIOMIEr0 THAPABINIECKOE CO-
MPOTHUBIICHUE B JIMHHUH TTOIAYH WK MTOTpedaeHus» [2: 69].

5.3. «<SSCADA-cuctema ... pa3pabaThiBajach KaK yHHUBEpCallb-
HOE, MHOTO(QYHKIMOHAILHOE MPOrpaMMHOE OO0ECIeYeHne BEPXHETro
ypoas ACYTII, mo3Bonsiomiee onepaTUBHOMY IIE€pPCOHATy HauOosee
3¢ (eKTUBHO YIPaBIATh TexHoorndeckum mpormeccom. SCADA — sto
OYEHb IIMPOKOE TIOHATHE U MOXET OTHOCHUTBCS KaK K JIOCTaTOYHO MpO-
CTOMY YCTPOWCTBY, pEaJM30BaHHOMY Ha OJHOM KOMIIbIOTEpE, TaK M K
CIIOXHOM, pacrpeae’eHHOl CUcTeMe, BKIIIOYAIOIeH IEHTP YIpaBieHUs,
nepudepuiinpie ycTpoiictBa u cuctemy cBsizu. [Ipumenenue SCADA-
TEXHOJIOTHH TO3BOJSIET JOCTHYh BBICOKOTO YPOBHSI aBTOMAaTH3allMd B
pelIeHny 3a/1a4 pa3paboTKU CUCTEM YIpaBlieHus, cbopa, 00paboTku, me-
penaun, XpaHeHHs W OTOOpakeHHsi WHpopmanuu. B Hacrosiiee Bpems
SCADA sBisieTcsi OCHOBHBIM U HarboJiee TIepCIIEKTUBHBIM METOIOM aB-
TOMaTHU3UPOBAHHOTO YIIPABJIEHHS CIOKHBIMHU JTHHAMUYECKHUMHU CHCTEMa-
M (mporieccamn )» [3: 82].
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5.4. «[IpuMeHeHe WHTETPUPOBAHHON ceTH OeCIPOBOIHBIX KOH-
TPOJIEPOB U AaBTOHOMHBIX CEHCOPOB — INEPCHEKTHBHOE HAIPABJICHUE aB-
TOMAaTHU3allMd TEXHOJOTHUYECKUX TMPOLECCOB JHUTEHHOTO MpPOM3BOACTBA
CIUIaBOB W3 AIIOMUHHMEBBIX OTXOAOB, KOTOPOE IO3BOJSET KOHTPOJIMPO-
BaTh MIPOLIECCHI, IPOTEKAOIINE B MOOMIIBHBIX 2JIEMEHTaX IPOU3BOACTBA.
AOOHEeHTCKasi cUcTeMa MOHHMTOPHHIA MapaMeTPOB TEXHOJIOTHYECKOTO
mporecca JUTEHHOTO MPOU3BOJCTBA JOJDKHA COCTOSTH M3 TaKuX (yHK-
[MOHATFHBIX OJIOKOB: M3MepeHHs, mu(ppoBol 0O0pabOTKH, KOMMYyHHKa-
IIHOHHOTO ¥ OecriepeOoHHOT0 MUTaHUS.

CyIecTBYIOT 5 BapHaHTOB HMCIIOJIHEHUS allapaTHOH YacTH MO-
Iyned, KOTOpble MMEIT BCTPOEHHYIO aHTEHHY, aHTEHHBIH KOHHEKTOD,
ycmnmtens MoutHoctd 1 MUY mns obecrieuenns OONBIION NaTbHOCTH
CBSA3U. B Kaxplii U3 BapUAaHTOB MOAYJEH IIPENABAPUTEIBHO 3allporpam-
MHPOBAH CETEBOU NMPOTOKOI.

B kauecTBe mpuMepa MOXXHO NPHBECTH CXEMy IPOHM3BOICTBA
AJIIOMUHUCBBIX JUCKOB C HECJIbIO IMOJTYYCHHUA 3adaHHOI0 XHUMHYCCKOI'O
COCTaBa, ONTHMAIBHOW CTPYKTYpHl MeTauila 0e3 HeMeTaUIMYeCKHX
BKJIIOYEHUI W BOAOPOJA, CHATHS OCTATOYHBIX HANPSDKECHUH IOCIE Tep-
M00OpPabOTKH, COXpaHeHHs 3a1aHHol Gopmbl u3aenuii» [1: 101, 104].

5.5. «Bce cepun anexkTponn3a OCHANIEHH aBTOMAaTHIECKIMH CHC-
TeMaMu yIpaBiieHus: TexHonorudaeckum mporeccoM (ACYTII), xoropeie
MOMOTAIOT 0OCITYKMBAIOIIEMY TIEpCOHAITY BECTH KOHTPOJIb W MOAJepKa-
HHAE TEXHOJIOTMYECKHX IapaMeTpoB B 3amaHHbiX npenenax. ACYTIL
MMEIOT pa3Hble BO3MOXKHOCTH, HO BCE OHH KOHTPOJIHPYIOT U PETYIUPYIOT
pabouee HampspKeHHE Ha JIEKTpoIHU3epe, PUKCUPYIOT Pl TEXHOJIOTHYe-
CKHUX MapaMeTpoB (4acToTa U JITUTEIBHOCTh aHOJHBIX AP (EKTOB, HAMIPSI-
KEHHE KOpITyca).

Pabouee HampspkeHHE Ha DIIEKTPOIU3EPaX PETYIHPYET CHCTEMa
ACVYTII B COOTBETCTBUU C 3aJaHUEM, YCTAHOBICHHBIM PYKOBOJCTBOM
Kopiryca. ABTOMAaTHYECKOE PETYIHPOBAHHE HAMPSDKEHHS HE TPOH3BO-
JUTCSI TIPH BBUIMBKE MeTallla, MIEPEeCTaHOBKY INTHIpEH, 3aMEeHE aHOIOB,
MEepeTsHKKEe aHOJHOW paMbl M MPOBEJCHUM PEMOHTHBIX paboT Ha dIieK-
Tponusepe» [5: 118].
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