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HNPEANCJIOBHUE

JlaHHBIe METOMWYECKHe yKa3aHUs IpeIHa3Ha4deHbl Ui ya9eOHO-
METOAMYECKOr0 COMPOBOXKICHUS Kypca aHTJIUHUCKOTO SI3bIKa JJIs CTYICH-
TOB BCeX CHeNHaIbHOCTEH (haKynpTeTa mepepadoTKu MUHEPAIHHOTO ChI-
pps. Meronudecke yKazaHUS COCTABIICHBI B COOTBETCTBHH C YYEOHOM
MPOrpaMMOi 1o AuCIUIUIHHE «HOCTpaHHBIN S3BIK» AJs1 (POPMHUPOBAHUS
WHOSI3BIYHON TMPO(EeCCHOHATHHON KOMIIETCHIIMUA OyIyIUX CICIHaT-
cToB. B MeToamueckne ykazaHus BKIIFOUYEHBI ayTEHTUYHbBIE TEKCTHI, B KO-
TOPBIX OCBEIMIAIOTCS CIEAYIOMNE BOMPOCH: «KoMImiekcHas mepepaboTka
KaK BaXHEHIIMA TPUHIMI BCEX MHHEPAIbHO-CHIPHEBBIX OTpaciei mpo-
MBITIUICHHOCTH», «VICTOpHS pa3BUTHSA TEXHOJIIOTHYECKHX IIPOIECCOB H
MPOM3BOACTB B TOPHOH, METAITyprU9YecKod, He(TerazoBOW MPOMBIII-
JICHHOCTHW», «BI/IIH)I MI/IHCpaJILHOFO Cblpbﬂ. qepHBIe 1 OBCTHBIC METaAJJIbI.
CrnaBel», «lIporecchl o0oramieHus MOJIC3HBIX HMCKOMaeMbIX», «OCHOB-
HbIC COCIMHEHUSA, BUIIbI XUMHUYECKHX peakUud U cBszei», «OCHOBHBIE
TEXHOJIOTHUECKHE MPOIIECCHl TOMYyUYCHUsI HEOPTaHUIECKUX MAaTEpUaIOB),
«Tunel aBTOMaTI/I3I/IpOBaHHI)IX CHCTEM», <<CpeI[CTBa aBTOMaTu3aluu u
ynpasieHus», «CoBpeMeHHOe 000pyTIOBaHUE W TEXHOJIOTHH B METaJLTyp-
TUH U Ha TOPHO-OOOTaTHTENBHBIX MPEANpPUATHIX», «Bo3meiicTBue mpo-
IIECCOB, MCIOJB3YIOIIUXCS MPU TepepadOoTKe MUHEPAILHOIO ChHIPhS, Ha
JKOJIOTHION.

Nzydenne maTepuana criocoOCTBYET pPa3BUTHIO HABBHIKOB U yMe-
HUU HpOCMOTpOBOFO nu H3yanOH1€FO YTCHUS TCKCTOB IIO HaHpaBJICHI/IIO
MOATOTOBKH, a TaKXKe MX IMEPEBOJIa Ha PYCCKUH S3BIK C MOCICTYIOIINM
WCTIONIb30BAaHUEM TIOJIY9eHHOW WH(GOpPMAIUU ISl PEYEeBON TPAKTUKH;
OBJIAACHUC CTy,I[eHTaMI/I I/IHOH3I)I‘-IHOI‘/'I KOMMYHHKaTHBHO-pe‘IeBOfI KOMIIC-
TEHIUEH, MO3BOJIAIONICH OyayleMy CHEIHMAIUCTY OCYIIECTBIATH IPO-
(heccoHANPHYI0 KOMMYHUKAITHIO.



UNIT 1. MINERAL RESOURCE INDUSTRY
METALLURGY

Task 1. Research the following terms: physical and chemical behaviour
of metals, physical metallurgy, extractive metallurgy, metallurgist, alloy,
Metal Age.

Task 2. Skim the passage and choose the most suitable title form the list:
1. The basics of metallurgy.

2. The importance of metallurgy.

3. The history of metallurgy.

Metallurgy is the study of metals and their uses, including both the
scientific and technological aspects of the material.

Metallurgy may be defined and described in several ways: as a field
of study, metalworking focuses on the production of metals and alloys in
a variety of shapes and, more importantly, with qualities that are amena-
ble to real-world applications; the study of how metals behave and are
extracted from their ores constitutes this scientific discipline; metalwork-
ing is the study of the techniques used to work with metals, from mining
and refining ores to shaping alloys and fabricating finished products; an
applied science that bridges the gap between metal research and manufac-
turing.

Metallurgy encompasses the scientific and technological aspects
of metals by investigating their physical and chemical properties. Metal
alloys come in a wide range of forms, with iron and aluminium being the
most common. Refining metals from their ores, combining metals to
create alloys, and researching the chemical, physical, and atomic proper-

ties and structures of metals are all examples of metallurgy.
(https://www.austgen.com.au/the-science-of-metallurgy/)

Task 3. Work in small groups. Discuss the main features of physical and
extractive metallurgy.

Task 4. Match the terms from the text with their Russian equivalents:



English Russian
1. metalworking a. METaJUIOBE/ICHUE; METAUTypruieckass MPOMBIIIIICH-
HOCTB; METAJUTYPTHs
2. alloy b. dusnueckue croiicTBa; hH3HUECKIE XAPAKTEPHCTHKH
3. refining ores C. TOTOBBIH NIPOIYKT; KOHEUHBIH IPOTYKT
4. finished product d. Metamtypr
5. metallurgy €. Hay4JHas TUCIUILINHA
6. physical properties f. 06paboTka mMeramia
7. chemical properties 0. U3BJIEKATh; J00OBIBATH
8. metallurgist h. paGotsI o mepepaboTke pyabI
9. scientific discipline i. XUMHYECKHE CBONCTBA; XUMHYECKUE XapaKTEPUCTHKU
10. to extract j. cruiaB

Task 5. Make up your own sentences with the following words and word
combinations: the study of metals, alloys, valuable metals, metallurgist,
extractive metallurgy, iron and aluminium.

Task 6. Discuss with your groupmates the following questions:

1 What kinds of mineral resources do you know?

2 What is the field of metallurgy?

3 What are the most important metals in human history?

4 Why is the mineral resource industry essential for the develop-
ment of the country?

5 Can our civilization be called “the metals society”? Why?

6 Why have you decided to devote your professional life to the

mineral resource industry sphere?

Task 7. Grammar revision. Read and translate the following sentences.
Underline the subject and the predicate in each sentence. Identify the
tenses used in the highlighted parts.

1 Metallurgy Is the study of metals and their uses, including both the
scientific and technological aspects of the material.




2 This microstructure influences the metal’s mechanical characteristics,
which in turn governs the engineering community’s ability to foresee and
take use of the material.

3 Metalworking focuses on the production of metals and alloys in a varie-
ty of shapes and, more importantly, with qualities that are amenable to
real-world applications.

4 Filtration is the separation of a suspension into a solid filter cake and a
liquid filtrate by passing it through a permeable filtering material.

5 The demand for minerals is driven by a society that is adopting a new
technology at a rapid rate.

6 Alloys are unique combinations of two or more metals.

7 The industrialization of Asia — in particular China and India — is driving
demand for construction and fabrication metals such as steel, copper,
zinc, lead, gold and silver.

8 Modern plants have fully automatic control systems that conduct in-
stream analysis of the material as it is being processed.

9 Metal alloys come in a wide range of forms, with iron and aluminium
being the most common.

10 Pre-concentration technologies, more energy efficient comminution
technologies and circuits, are examples of areas where significant funda-
mental innovation Is impacting a process plant design.

UNIT 2. THE HISTORY OF TECHNOLOGICAL PROCESSES
DEVELOPMENT

Task 1. Match the columns of Russian collocations and their English
equivalents. Make up your own sentences using as many words and
phrases as you can:

English Russian

1. the technology of automation a. He(rera3oBas MPOMBIIIICHHOCTD, HedTe-
rasoBasi OTPacib

2. the Industrial Revolution b. mpoMsitIeHHAST PEBOTIOIHST

3. to create tools and mechanical devices | C. TexHOJOIrHMsS aBTOMAaTH3ALUN

4. mining companies d. HedTerazoBbie CKBaKUHBI

5. to improve efficiency and productivity | e. McKycCTBEeHHBII HHTEIUIEKT
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https://www.britannica.com/dictionary/suspension
https://www.britannica.com/event/Industrial-Revolution
https://www.britannica.com/technology/machine

6. the application of technology f. HoBOE 06OpyHOBaHHE

7. the oil and gas industry g. TOPHOJOORIBAIOIINE TIPEAIPHUATHS; TOPHO-
JOOBIBAIOIIE KOMITAHUT

8. capital-intensive operations h. npuMeHeHre TeXHOIOrnu

9. artificial intelligence i. moBbICHTh () ()EKTHBHOCTH U MPOIYKTHB-
HOCTh

10. oil and gas wells J. KanuTaNIO0EMKHE OIIEPALIUH; TPEIIPUITHS

11. autonomous haulage systems K. aBTOHOMHBIC CHCTEMBI T'DY30MEpPEBO30K;

ABTOHOMHBIC TPAHCIIOPTHBIC CUCTEMBL

12. new equipment |. u3roTaBIMBaTH HHCTPYMCHTHI U MEXaHHYC-
CKue ycTpoiicTBa

Task 2. Before reading the text, answer the following questions:

1. What is the difference between automation and mechanization?
2. Do you know the origin of the word "automation™?

3. What is a smart mine?

4. What types of advanced technologies can you name?

5. Why are these technologies vital for a rapid development of min-
ing, metallurgical, oil and gas industries?

Task 3. Now read the text and find out the answers to some of the ques-
tions. Translate the text, using the vocabulary list from Task 1.

The technology of automation has evolved from the related field
of mechanization, which had its beginnings in the Industrial Revolution.
The driving force behind mechanization has been humankind’s propensi-
ty to create tools and mechanical devices.

Mining companies are increasingly turning to autonomous hau-
lage systems to improve efficiency and productivity while increasing
safety and sustainability. Historically, the mining industry lagged in the
application of technology owing to the long lead times required to devel-
op and commercialize new equipment in mining.

The oil and gas industry has historically been characterized by its
reliance on complex and capital-intensive operations. However, in recent
years, digitalization and automation technologies have emerged as power-
ful catalysts for transformation within the industry. The integration of
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https://www.britannica.com/technology/mechanization
https://www.britannica.com/event/Industrial-Revolution
https://www.merriam-webster.com/dictionary/propensity
https://www.merriam-webster.com/dictionary/propensity
https://www.britannica.com/technology/machine
https://globalroadtechnology.com/autonomous-mining-trucks-haulage-systems/
https://globalroadtechnology.com/autonomous-mining-trucks-haulage-systems/

advanced technologies, such as artificial intelligence, machine learning,
robotics, and data analytics, has opened up new possibilities for optimiz-

ing drilling and completion operations in oil and gas wells.
(https://www:.britannica.com/technology/automation
https://globalroadtechnology.com/autonomous-mining-history-companies-benefits-
challenges-and-solutions/
https://www.intechopen.com/chapters/88507)

Task 4. Work in small groups. Discuss the main features of technological
processes in mining, metallurgical, oil and gas industries.

Task 5. Complete the text using the words and word combinations from
the text and then translate the sentences:

mining systems; remote-controlled; remote-operated; unmanned; mine
automation progress; centralized locations; excavating

Since the 1960s, there has been exponential progress in the automa-
tion of (1) ... . Chronologically, (2) ... can be categorized into three stag-
es. Stage one saw the deployment of the first (3) ... mining rail carriages
at General Blumenthal mine, Germany, in 1967. This was followed by
the introduction of (4) ... underground machines in the mid-1970s, and
the final stage saw the introduction of (5) ... load and haul machines for
surface mines in the mid-1990s. Currently, some major mining processes
including drilling, (6) ... , hauling, crushing and milling, have been au-

tomated and teleoperated from (7) ... .
(https://globalroadtechnology.com/autonomous-mining-history-companies-benefits-
challenges-and-solutions/)

Task 6. Work in pairs. Discuss the advantages of the automation
processes in mining, metallurgical or oil and gas industries. Give exam-
ples of their application that you studied during your summer training
internship. Then make a 3-minute presentation to the class.

Task 7. Grammar revision. Read and translate the following sentences.
Underline the subject and the predicate in each sentence. ldentify the
tenses used in the highlighted parts.




1 While automation is not a new concept in manufacturing, its arrival in
the mining sector has been relatively recent.

2 Mining giant Rio Tinto has coined the acronym Mining In the New
Dimension (MIND) to describe its efforts in this area.

3 For the past three years, scientists have been making important modifi-
cations to a hot metal carrier shipped from Rio Tinto’s Bell Bay smelter
in Tasmania.

4 There they have been developing an automated system to transport and
handle molten aluminum.

5 Recently Siemens has been working with large ore truck companies to
develop systems to manage vehicles switching between diesel and elec-
tric power via overhead tram lines.

6 The mining industry has benefited greatly from improvements in com-
puting and communications technology over the last few years, with mo-
bile communications playing an increasingly important role in automa-
tion systems.

7 Since the 1960s, there has been exponential progress in the automation
of mining systems.

8 Autonomous mine haul trucks, also known as driverless or robot haul
trucks, have gained a lot of popularity in recent years.

9 More recently, the introduction of robotics has seen millions of produc-
tion line jobs in factories simply disappear.

10 Artificial Intelligence is set to become a huge industry in its own right,
employing countless programmers, computer scientists and engineers —
and that’s not to mention new jobs we haven’t even thought of yet.

UNIT 3. TYPES OF MINERAL RAW MATERIALS.
FERROUS AND NON-FERROUS METALS. ALLOYS

Task 1. Research the following terms: mineral resources, ferrous metals,
non-ferrous metals, conductivity, alloy.

Task 2. Match the columns of Russian collocations and their English
equivalents. Make up your own sentences using as many words and
phrases as you can:



English Russian
1. mineral resources a. L[BETHBIC MCTAJLIBI
2. ferrous metals b. Menp 1 o0BO
3. non-ferrous metals C. 3HAYEHHE CIUIABOB; [EHHOCTD CILIABOB
4. distinct categories d. npeBHHE BpeMeHa
5. the value of alloys €. YepHBIe METaJUIBI
6. desirable properties f. KOppo3HOHHast CTOMKOCTD
7. high conductivity g. pa3MyHbIC KATErOPUH; OT/EIBHBIC KATCTOPHU
8. resistance to corrosion h. MuHepanbHOE ChIpbE
9. ancient times i. mosle3HbIe CBOMCTBA
10. copper and tin J. BBICOKas yZeNbHAsI JIEKTPOINPOBOIHOCTh

Task 3. Read and translate the text, using the vocabulary list from Task
2.

Mineral resources are classified into distinct categories. The first
two major types of mineral resources, metallic and non-metallic, are based
on the metal content of the mineral resource. Metallic mineral resources are
further split into two groups, ferrous and non-ferrous, based on whether the
metal contains iron.

Ferrous metals contain iron and non-ferrous metals do not. The
more in-depth answer is that ferrous metals and non-ferrous metals each
have their own distinctive properties. Non-ferrous metals tend to be more
expensive than ferrous metals but are used for their desirable properties,
including lightweight (aluminum), high conductivity (copper), nonmag-
netic properties, or resistance to corrosion (zinc).

Alloys are usually produced by melting the mixture of ingre-
dients. The value of alloys was discovered in very ancient times; brass

(copper and zinc) and bronze (copper and tin) were especially important.
(https://www.studysmarter.co.uk/explanations/environmental-science/physical-
environment/mineral-resources/
https://www.engineeringchoice.com/what-are-the-non-ferrous-metals/
https://www.britannica.com/technology/alloy)
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https://www.engineeringchoice.com/what-is-a-ferrous-metal/
https://www.engineeringchoice.com/what-is-a-ferrous-metal/
https://www.engineeringchoice.com/what-is-aluminum/
https://www.engineeringchoice.com/what-is-copper-its-uses-compounds-properties/
https://www.engineeringchoice.com/what-is-corrosion/
https://www.engineeringchoice.com/what-is-zinc-its-compounds-alloys-and-properties/
https://www.britannica.com/technology/brass-alloy
https://www.britannica.com/science/copper
https://www.britannica.com/science/zinc
https://www.britannica.com/technology/bronze-alloy
https://www.britannica.com/science/tin

Task 4. Complete the following sentences using the following words and
word combinations and then translate the sentences:

alloy steels; properties; mineral resources; iron; alloying elements; precious metals; non-
ferrous metals (3); non-ferrous alloys; mixture of ingredients

1 areclassified into distinct categories.

2 are alloys or metals that do not contain any appreciable amounts of
iron.

3 Some __ are used in the iron and steel industries, such as bauxite,
which is used for flux in blast furnaces.

4 such as gold, silver, and platinum and exotic or rare metals such as
cobalt, mercury, tungsten, beryllium, bismuth, cerium, cadmium, nio-
bium, indium, gallium, germanium, lithium, selenium, tantalum, tellu-
rium, vanadium, and zirconium are also non-ferrous.

5 The difference between ferrous and ___is that ferrous metals contain

ﬁiloys are usually produced by melting the .

7 Today, the most important are the ___, broadly defined as steels con-
taining significant amounts of elements other than iron and carbon.

8 The principal ___ for steel are chromium, nickel, manganese, molybde-
num, silicon, tungsten, vanadium, and boron.

9 Alloy steels have a wide range of special ___, such as hardness, tough-
ness, corrosion resistance, magnetizability, and ductility.

10 __ , mainly copper-nickel, bronze, and aluminum alloys, are much

used in coinage.

Task 5. Discuss with your groupmates the following questions:

What kinds of mineral resources do you know?

What is the difference between ferrous and non-ferrous metals?
Can you name 7 non-ferrous metals?

What applications are non-ferrous metals used for?

What are the distinctive properties of non-ferrous metals?
What is an alloy?

OOUTh WN -

Task 6. Work in pairs. Choose one non-ferrous metal, discuss its proper-
ties and give examples of its usage. Then make a 3-minute presentation to
the class.
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https://www.engineeringchoice.com/types-of-metals/
https://www.engineeringchoice.com/what-is-steel-and-types-of-steel/
https://www.engineeringchoice.com/what-is-lithium/
https://www.britannica.com/science/iron-chemical-element
https://www.britannica.com/science/chromium
https://www.britannica.com/science/nickel-chemical-element
https://www.britannica.com/science/manganese
https://www.britannica.com/science/molybdenum
https://www.britannica.com/science/molybdenum
https://www.britannica.com/science/silicon
https://www.britannica.com/science/tungsten-chemical-element
https://www.britannica.com/science/vanadium
https://www.britannica.com/science/boron-chemical-element
https://www.britannica.com/science/hardness-physics
https://www.britannica.com/science/corrosion
https://www.britannica.com/science/ductility-physics
https://www.britannica.com/science/aluminum

Task 7. Grammar revision. Read and translate the following sentences.
Underline the subject and the predicate in each sentence. Identify the
tenses used in the highlighted parts.

1 Non-ferrous metals were the first metals used by humans for metallur-
ay.

2 The use of copper also heralded the transition from the Stone Age to the
Copper Age.

3 The process looked something like this. They put the substance they
were breaking down into a finger-sized quartz tube, where electricity
“flashed” it to around 5400 degrees Fahrenheit.

4 The trouble, he proposed, was that the world didn’t contain enough
economically recoverable lithium to support such a switch.

5 Five years ago General Electric started an intensive rhenium-recycling
program while simultaneously searching for an alternative super alloy,
which it found within a few years.

6 Usually, material from our Solar System contains about 10 times more
iron than nickel. However, these comets had roughly equal amounts of
iron and nickel.

7 We came to the conclusion they might come from a special kind of ma-
terial on the surface of the comet nucleus, sublimating at a rather low
temperature and releasing iron and nickel in about the same proportions.
8 Another important development in the history of automation was
the Jacquard loom which demonstrated the concept of a programmable
machine.

9 In August, retailer Marks & Spencer announced it was introducing Al
chat bots to deal with customer calls to its 640 UK stores and 13 call cen-
ters.

10 The next extension was the development of powered machines that did
not require human strength to operate.

UNIT 4. MINERAL PROCESSING
Task 1. Research the following terms: extractive metallurgy, comminu-

tion, concentration, sampling, chemical analysis, mineralogical analysis,
size analysis, dewatering. What are the differences between them?

12


https://www.britannica.com/technology/Jacquard-loom
https://www.britannica.com/dictionary/concept

Task 2. Skim the passage and choose the most suitable title form the list:

1. Procedures of extractive metallurgy.
2. The importance of mineral processing.
3. The development of mineral processing.

Mineral processing is an art of treating crude ores and mineral
products in order to separate the valuable minerals from the waste rock.
The primary operations of extractive metallurgy are comminution and
concentration, but there are other important operations in a modern min-
eral processing plant, including sampling, analysis and dewatering.

In order to separate the valuable components of an ore from the
waste rock, the minerals must be liberated from their interlocked state
physically by comminution. As a rule, comminution begins by crushing
the ore to a certain size and finishes by grinding it into powder.

Concentration involves the separation of valuable minerals from
the other raw materials received from the grinding mill. In large-scale
operations this is accomplished by taking advantage of the different prop-
erties of the minerals to be separated. These properties can be colour (opt-
ical sorting), density (gravity separation), magnetic or electric (magnetic

and electrostatic separation), and physicochemical (flotation separation).
(adapted from https://www.britannica.com/technology/mineral-processing)

Task 3. Work in small groups. Discuss the main features of comminution
and concentration.

Task 4. Match the terms from the text with their Russian equivalents:

English Russian
1. sampling a. npobneHue
2. chemical analysis b. BeImapuBanue; KOHIEHTpAT; 0OOTAIEHHE PYIbI
3. grinding C. oforaimeHre MOJIE3HBIX HCKOMAEMbIX; Iepepa-
00TKa MUHEPATBHOTO CBHIPbS
4. crushing d. paspyuienne; pa3aaBinBaHie; H3MEITbUYCHUE
5. dewatering €. chIpast pyaa
6. concentration f. mycrast nopona
7. comminution 0. TOHKOE M3MEIbYCHUE
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https://www.britannica.com/science/mineral-chemical-compound
https://www.britannica.com/technology/beneficiation-ore-treatment

8. mineral processing h. B3saTHE POGBI/06pasia; 0T6Op MPOOHI

9. crude ore i. 00e3BOKMBAHKE; TPCHAXK

10. waste rock j. XUMHYECKHI aHAIN3

Task 5. Make up your own sentences with the following words and word
combinations: primary operations, different properties, valuable compo-
nents, mineral products, processing.

Task 6. Discuss with your groupmates the following questions:

1 What kinds of mineral resources do you know?

2 What is the field of Mineral Processing?

3 What are the main operations of extractive metallurgy?

4 Why is Mineral Processing a crucial sphere in mineral resources

extraction?

Task 7. Grammar revision. Read and translate the following sentences.
Underline the subject and the predicate in each sentence. Identify the
tenses used in the highlighted parts.

1 Most technologists will agree that while there is a link between tech-
nology and innovation, the link is not unique.

2 By coating the minerals with small amounts of chemicals or oils, finely
ground particles of the minerals remain unwetted and will thus adhere to
air bubbles.

3 Unwanted minerals that naturally resist wetting may be treated so that
their surfaces will be wetted and they will sink.

4 Following an overview of the development of metallurgy, we will in-
vestigate welding and other methods of combining current metals.

5 That’s the bad news — but there are reasons for optimism, too. Firstly,
many experts suggest that artificial intelligence will ‘shred’ jobs rather
than destroy them...

6 Methanol is going to be pumped into the cap to prevent the formation
of crystals.

7 Several attempts are going to be made to activate the blow-out preven-
ter.
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8 The scientific conference “Professional culture of the specialist of the
future” takes place in the Saint-Petersburg Polytechnic University on the
28" of November.

9 Physicists and chemists from China are going on an excursion to the
Hermitage tomorrow.

10 Scientists from India are arriving at the conference at 9 a.m. next
Monday.

UNIT 5. BASIC COMPOUNDS.
TYPES OF CHEMICAL REACTIONS AND BONDS

Task 1. Research the following terms: chemical compound, chemical
elements, reactants, synthesis, chemical equation, chemical bonding, the
law of conservation of mass, ionic and covalent compounds.

Task 2. Skim the passage and choose the most suitable title from the list:
1 The Basics of Chemistry

2 The Importance of Chemistry

3 The Development of Chemistry

Chemical compound, any substance composed of identical mole-
cules consisting of atoms of two or more chemical elements. Chemical
compounds show a bewildering array of characteristics. At ordinary tem-
peratures and pressures, some are solids, some are liquids, and some are
gases. The colors of the various compounds span those of the rainbow.
Some compounds are highly toxic to humans, whereas others are essen-
tial for life.

Chemical reaction is a process in which one or more substances,
the reactants, are converted to one or more different substances, the prod-
ucts. Substances are either chemical elements or compounds. A chemical
reaction rearranges the constituent atoms of the reactants to create differ-
ent substances as products.

Chemical bonds are forces that hold the atoms together in a mole-
cule. The main types of chemical bonds are ionic bond, covalent bond,
hydrogen bond, and metallic bond.

(https://www.britannica.com/science/chemical-compound

https://www.britannica.com/science/chemical-reaction/
https://www.chemistrylearner.com/chemical-bonds)
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https://www.britannica.com/science/solid-state-of-matter
https://www.britannica.com/science/liquid-state-of-matter
https://www.britannica.com/science/gas-state-of-matter
https://www.britannica.com/science/reactant
https://www.britannica.com/science/chemical-element
https://www.britannica.com/science/chemical-compound
https://www.merriam-webster.com/dictionary/constituent
https://www.britannica.com/science/atom

Task 3. Work in small groups. Discuss the main types of chemical reac-
tions and bonds. Give examples.

Task 4. Match the terms and word combinations from the text with their
Russian equivalents:

English Russian
1. chemical compound a. TIeperpymupOBBIBATE(-Cs1)
2. a bewildering array of characteristics b. HeoOXOAUMBIH IS KU3HU
3. essential for life C. aTOMBI, BXO/ISIIHE B COCTAB PCAKTHBOB
4. rearrange d. MeTayHUecKas CBA3b
5. the constituent atoms of the reactants €. BOJIOPOJTHASI CBSI3b
6. ionic bond f. HeBepOSATHOE MHOKECTBO XapaKTEPHCTUK
7. covalent bond g. pasIMYHbIE BEIIECTBA
8. hydrogen bond h. koBaneHTHas cBsI3b
9. metallic bond i. MIOHHAs CBSI3b; DIICKTPOBAJICHTHAS CBSI3b
10. different substances j. XUMHUYECKO€E COEIMHEHHUE

Task 5. Make up your own sentences with the following words and word
combinations: chemical elements, pure element, organic compounds, in-
organic compounds, the periodic table, one valence electron, two valence
electrons, chemical reactions.

Task 6. Discuss with your groupmates the following questions:

1 How are chemical elements arranged in the periodic table?

2 Describe the main discoveries of outstanding chemists of the 18"
and 19" centuries.

3 What is the difference between Organic Chemistry and Inorganic
Chemistry?

4 What is the scope of Chemistry?

5 Why have you decided to devote your professional life to the

field of Chemistry?
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Task 7. Grammar revision. Read and translate the following sentences.
Underline the subject and the predicate in each sentence. Identify the us-
age of modal verbs in the highlighted parts.

1 Substitution of only a single atom within a compound may be responsi-
ble for changing the color, odor, or toxicity of a substance.

2 That is to say, as the science of chemistry developed, it was observed
that elements could be grouped according to their chemical reactivity.

3 The chemical elements can be classified in many different ways.

4 Chemical reactions must be distinguished from physical changes.

5 Therefore, equations depicting reactions must be balanced; that is, the
same number of atoms of each kind must appear on opposite sides of the
equation.

6 The balanced equation for the iron-sulfur reaction shows that one iron
atom can react with one sulfur atom to give one formula unit of iron sul-
fide.

7 A pair of electrons located on the nitrogen atom may be used to form
a chemical bond to a Lewis acid such as boron trifluoride

8 As previously noted, many reactions defy simple classification and may
fit in several categories.

9 Each bond requires a discrete amount of energy to either break or form.
Without this energy, the reaction cannot take place.

10 Compounds have constant and definite compositions, while mixtures
may exist in virtually any proportion.

UNIT 6. TYPES OF AUTOMATION SYSTEMS

Task 1. Match the two columns to make collocations. Make up your own
sentences using as many words and phrases as you can:

1 production equipment a mporpaMMHpyeMasi aBTOMaTH3allHsI

2 equipment configuration b rubkas aBTOMaTH3AINSA

3 fixed automation C aBTOMATHYECKasi CTAHOYHAS JIHHUS

4 automatic assembly machines d IPOM3BOANTE U3/IENHS TAPTHIMU

5 a machining transfer line € MPOMBIILIEHHbBIE POOOTHI

6 to produce products in batches f cTaHOK ¢ YKMCIIOBBIM MPOTPAMMHBIM YIIPAB-
nenrem (UITY)
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https://www.britannica.com/science/group-periodic-table
https://www.britannica.com/science/chemical-reactivity
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https://www.britannica.com/science/chemical-bonding
https://www.britannica.com/science/boron-chemical-element

7 programmable automation g QUKCHpOBAaHHAS CHCTEMa ABTOMATH3AIINH
8 industrial robots h nmpousBoacTBeHHOE 060pYIOBaHHE

9 flexible automation i cocraB 060pya0OBaHMS

10 a numerical-control machine tool g aBTOMAaTHYECKHE COOPOTHBIC MAITHHBI

Task 2. Before reading the text, answer the following questions:

1 What main types of automation systems do you know? What is the dif-
ference between them?

2 Which type of automation systems is suitable for producing products in
batches? Why?

3 Why is flexible automation considered as an extension of programma-
ble automation?

4 Is fixed automation similar to “hard’ automation? Give your reasons.

5 What are industrial robots used for? Can you give their examples?

Task 3. Now read the text and find out the answers to some of the ques-
tions. Translate the text, using the vocabulary list from Task 1.
Types of automation systems

Three types of automation in production can be distinguished:
fixed automation, programmable automation, and flexible automation.

Fixed automation refers to an automated production facility in
which the sequence of processing operations is fixed by the equipment
configuration. It is suitable for products that are made in large volumes.
Examples of fixed automation include machining transfer lines found in
the automotive industry, automatic assembly machines, and certain chem-
ical processes.

Programmable automation is a form of automation for produc-
ing products in batches. A numerical-control machine tool is a good ex-
ample of programmable automation. The program is coded in computer
memory for each different product style, and the machine tool is con-
trolled by the computer program. Industrial robots are another example.

Flexible automation is an extension of programmable automa-
tion. The programming is accomplished at a computer terminal without
using the production equipment itself.

(https:/Awww.britannica.com/technology/automation/Manufacturing-applications-of-
automation-and-robotics)
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Task 4. Complete the following sentences using the words and word
combinations from the text and then translate the sentences:

production equipment; products; flexible (2); fixed; programmable (2); manufacturing;
production rates; batches

1 To many people, automation means automation.

2 In ____ automation, the programmed commands are contained in 3 the
machines in the form of cams, gears, wiring, and other hardware that is
not easily changed over from one product style to another.

3 Fixed automation is characterized by high initial investment and high

4 For each new batch, the _ must be reprogrammed and changed over
to accommodate the new product style.

5 Production rates in _____ automation are generally lower than in fixed
automation, because the equipment is designed to facilitate product chan-
geover rather than for product specialization.

6 In automation, the variety of products is sufficiently limited so
that the changeover of the equipment can be done very quickly and auto-
matically.

7 The reprogramming of the equipment in __ automation is done off-
line.

8 There is no need to group identical products into .

9 The disadvantage with __ automation is the time required to repro-
gram and change over the production equipment for each batch of new
product.

10 In flexible automation, a mixture of different _ can be produced

one right after another.

Task 5. Open the brackets, using the verbs in the correct form of the Pas-
sive Voice:

1 Three types of automation in production ____ (distinguish).

2 The sequence of processing operations _ (fix) right now.

____ theprogram ____ (code) in the computer memory?

3 New technologies ____ (invent) all the time these days.

__ hardware ____ (not change) in your company over the recent years?
4 We are waiting for the production equipment __ (check).

5 Earlier our products ___ (make) in small volumes.
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6 The programmed commands ____ usually (contain) in the machines in
the form of hardware.

7 Machining transfer lines can ____ (find) in the automotive industry,

8 Last year nonproductive time __ (follow) by a production run for
each new batch.

9 A production line is a set of sequential operations established in a facto-
ry where components ____ (assemble) to make a finished article.

10 For plants, the useful material has ____ (separate) from husks or con-
taminants and then treated for onward sale.

Task 6. Work in pairs. Choose one type of automation systems, discuss
its benefits and drawbacks and give examples of its production equip-
ment. Then make a 3-minute presentation to the class.

UNIT 7. INDUSTRIAL AUTOMATION EQUIPMENT

Task 1. Work in pairs. Ask and answer the following questions:

1 What is the process of industrial automation? How does it differ from
mechanization?

2 What types of computer software is used for automation? What is the
difference between them?

3 Which of the industrial processes need to be automated?

4 What is the function of control devices?

5 Can you give examples of using automation tools in automotive indus-
try, healthcare, consumer electronics and environmental monitoring?

Task 2. Discuss the following terms in pairs. Then find their definitions
in the English dictionary and translate them into Russian:

industrial robots, sensors, actuators, electronic controllers, conveyors

Task 3. Read and translate the following passage:
Industrial automation tools

Industrial automation is a set of technologies that uses control
systems and devices, such as computer software and robotics, including:
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- A Programmable Logic Controller (PLC) is a digital industrial
computer control system that is preprogrammed to carry out automatic
operations in industrial processes.

- Supervisory Control and Data Acquisition (SCADA) systems
acquire and process real-time data through direct interaction with devices
and record events into a log file.

- A Human Machine Interface (HMI) is a software application
that enables interaction and communication between a human operator
and the machine, or production system.

- An Artificial Neural Network (ANN) is a computing system
that is built like the human brain, a network of interconnected neuron
nodes.

- A Distributed Control System (DCS) is a central monitoring
network that interconnects devices to control different elements within an
automated system.

- Robots can efficiently perform tasks in complicated or danger-
ous situations, improve production flow and quality, and increase safety

for employees.
(adapted from: https://www.unitronicsplc.com/what-is-industrial-automation/)

Task 4. Work in pairs. Discuss the benefits and drawbacks of each auto-
mation tool. Justify your opinions with examples.

Task 5. Match the terms from the text with their Russian equivalents:

English Russian
1 a human operator a BBITIOJIHATD 33/1a4H
2 production flow b mpombInieHHas apromMaTH3alus
3 a monitoring network C COCIIMHSATH YCTPOHCTBA
4 control systems d mporpamMmmHOe obecrieueHne
5 software application € orepaTop
6 to perform tasks f moBeICHTE 6E30MTaCHOCTD
7 to interconnect devices g paboTarh C JaHHBIMH B PEKHME PEATHHOTO Bpe-
MEHH
8 to process real-time data h mpousBoaCTBEHHBII TOTOK
9 to increase safety i CHCTeMBI yrpaBiIeHHs
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10 industrial automation ‘ j CeTh MOHHTOPHHTA

Task 6. Discuss with your groupmates the following statements and an-
swer true (T) or false (F):

1 In manual control systems, part of the function is performed by a
human and part by an automatic device.

2 In automated control systems, all control functions fall on the
human operator.

3 The PLC continuously monitors and receives information from
input devices or sensors.

4 SCADA is not important for data analysis, and does not enable
decision-making for optimization in industrial processes.

5 ANNs simulate the way a human brain analyzes and processes
information.

Task 7. Identify the grammar function of the words in bold (Infinitive (1),
Participle (P) and Gerund (G)) in the following sentences and translate
them:

1 Industrial automation is a set of technologies that uses control
systems and devices, such as computer software and robotics, to enable
automatic operation of industrial processes and machinery without the
need for human operators

2 These technologies include various control systems that incorpo-
rate different devices and systems impacting aspects of the manufactur-
ing process.

3 The PLC continuously monitors and receives information from
input devices or sensors, processes the information, and triggers the con-
nected output devices, to complete the task in the industrial process or
machinery.

4 An HMI translates complex data into accessible information,
enabling better control of the production process and its various applica-
tions.

5 Game-changing controllers create immediate savings by elimi-
nating time-intensive tasks such as PLC-panel wiring and communica-
tion setup.
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UNIT 8. CHEMICAL TECHNOLOGIES OF INORGANIC
SUBSTANCES

Task 1. Work in pairs. Discuss the following questions:

1 What is the difference between organic and inorganic chemistry?

2 Can you give some examples of industrial inorganic chemicals and in-
organic compounds used in everyday life?

3 What are the main properties of inorganic chemicals?

4 How are inorganic chemicals produced?

5 Where is inorganic chemistry used?

Task 2. Translate the following terms and fill the gaps in the sentences
below, using them:

inorganic chemicals, hydrogen bonds, fertilizers, pharmaceuticals, electrolysis, thermal
decomposition, ammonia, a catalyst, electric current, a solution

1 Particles mixed in a can interact with each other.

2 The material contains a base and a .

3 The oxygen atoms are able to form many with water.

4 Pyrolysis is the of wood and carbonaceous waste without oxy-
gen.

5 Guarana is used for the production of , as well as food supple-
ments.

6 Nitrogen is part of many .

7 Most are not removed by these filters.

8 The silver can be extracted by

9 When passing through common water, completely changes its
structure.

10 Aqua is not flammable or explosive.

Task 3. Find the terms from Task 2 in the text and translate it:
Inorganic chemicals
Inorganic chemical technology is the branch of chemistry that

deals with the study, development, and production of inorganic chemi-
cals, which are chemicals that do not contain carbon-hydrogen bonds.
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Inorganic chemicals have a wide range of applications, including the pro-
duction of fertilizers, pharmaceuticals, and electronic devices.

Inorganic chemicals are produced through a variety of methods,
including chemical reactions, electrolysis, and thermal decomposition.
The production involves large-scale chemical reactions that require care-
ful control of temperature, pressure, and reactant concentrations.

One common method of producing inorganic chemicals is the
Haber-Bosch process, which involves the reaction of nitrogen and hydro-
gen gases in the presence of a catalyst, high pressure and temperature
conditions. Another method is through electrolysis, which involves pass-

ing an electric current through a solution to produce chemical reactions.
(https://www.walshmedicalmedia.com/open-access/inorganic-technology-and-its-role-in-
chemical-industry-120119.html)

Task 4. Test your memory and finish the sentences, without looking into
the text:

1 Inorganic chemical technology is the branch of chemistry...

2 Inorganic chemicals are chemicals that ...

3 Inorganic chemicals have a wide range of applications, including
4 Inorganic chemicals are produced through ...

5 The production of inorganic chemicals involves...

Task 5. Now retell the text, using the sentences from Task 4.

Task 6. Match the words in the two columns to make up collocations:

1 chemical a current

2 temperature b pressure

3 high C concentrations
4 hydrogen d control

5 careful e decomposition
6 reactant f bonding

7 thermal g conditions

8 electronic h gases

9 carbon i devices
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| 10 electric | j technology

Task 7. Choose the correct quantifier (much, many, little, a little, few, a
few, a lot of, some, any). Explain its meaning and usage.

1 Superconductors can carry electric current without energy loss.

2 Moreover, ammonia measures would increase emissions of ni-
trate to groundwater.

3 fertilizers contain nitrogen and phosphorus.

4 The idea behind going green is to use as chemicals as possible
in everything we use.

5 Pyridoxine is additionally responsible for the synthesis of com-
pounds.

6 The reactions normally only occur at higher temperatures and
pressures.

7 The chemical reaction is an exergonic reaction because it produces
energy in the form of heat.
8 They begin with a mixture of formic acid, acetic acid, sodium nitrite

and nitrogen-containing compounds.

9. According to theory, the ‘big bang’ made mainly hydrogen, with
helium.

10. amounts of water freeze faster.

UNIT 9. MODERN TECHNOLOGIES AND INNOVATIONS IN
METALLURGY AND MINING

Task 1. Work in pairs. Answer the following questions:

1 What are some modern tools and technologies used in metallurgy and
mining?

2 What kind of computer software is used in modern manufacturing?

3 What is the difference between a robot and a cobot? What tasks do co-
bots perform?

4 Can you give examples of some advanced materials?

5 Have you heard of the Internet of Things (IoT)? Why has this technolo-
gy become so popular in the manufacturing industry?
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Task 2. Translate the text and find out the information about the key
trends in metal fabrication:

The Future of Metal Fabrication
1 Collaborative Robotics
Collaborative robots or cobots can work alongside human operators, en-
hancing safety and addressing labour shortages. Robots are increasingly
deployed for welding, cutting, and drilling tasks, contributing to im-
proved efficiency improved efficiency and reduced costs.
2 Internet of Things (1oT) and Industry 4.0
Integrating 10T devices and sensors into fabrication equipment provides
real-time data, facilitating performance and usage monitoring. They allow
for predictive maintenance, reducing downtime and extending machine
life.
3 Computer-Aided Design (CAD) and Computer-Aided Manufactur-
ing (CAM)
These tools enhance precision and efficiency by allowing designers to
create detailed 3D models, simulate, and test before actual fabrication
begins.
4 Advanced Materials
The use of advanced materials, including high-strength steels, aluminium
alloys, titanium alloys, copper alloys, and composites, is enhancing the

strength, durability, and versatility of metal fabrication products.
(adapted from: https://ukmetalsexpo.com/7-trends-and-technologies-shaping-the-future-
of-metal-fabrication/)

Task 3. Work in pairs. Discuss which paragraph of the text (1-4) these
terms can be attributed to, then translate and give your definitions to
them:

high strength steel, 3D printing, a cartesian robot, real-time data collection, blockchain
technology, inspection of metal processing, machine tending, hydrogen metallurgy

Task 4. Compile a list of advantages and disadvantages of using modern
technologies from the text (1-4) in manufacturing. Compare it with your
partner’s list and discuss it.
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Task 5. Match the two columns to make up collocations and translate
them:

1 titanium a materials

2 advanced b safety

3 detailed ¢ maintenance
4 fabrication d data

5 predictive e robots

6 real-time f 3D models

7 to facilitate g operators

8 to enhance h equipment

9 human i performance
10 collaborative j alloys

Task 6. Find the information about some modern technologies used in
the metallurgy that were not mentioned in the text (see Task 2) and make
a 3-minute presentation about them.

Task 7. Open the brackets using the correct degree of the adjectives.

1 China is the world's ... (large) producer of coal, gold, antimony, mag-
nesium, tin, zinc, manganese and tungsten.

2 Cobots are generally a ... (cost-effective) alternative to traditional in-
dustrial robots as they do not require a specific infrastructure or compli-
cated installation.

3 Cobots are able to work autonomously on repetitive and hazardous
tasks, enabling workers to perform more complex and ... (high)-value
tasks.

4 Real-time data collection and integration from multiple sources allow
for ... (good) decision-making.

5 Advanced Al and loT technologies are enhancing geological explora-
tion capabilities, making it ... (cheap) and ... (fast) to discover and eva-
luate new mineral deposits.
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UNIT 10. THE ENVIRONMENTAL IMPACT OF MINERAL
PROCESSING

Task 1. Discuss the following questions:

1 What are the major environmental concerns in your country?

2 How do extraction and processing of raw minerals affect the environ-
ment?

3 How can we mitigate mineral processing impacts on communities?

4 Do you know what the term ‘land reclamation” means? How is it re-
lated to the extraction of raw products?

5 What are the three environmental problems caused by mineral extrac-
tion?

Task 2. Read the text and translate it. Find the three major environmental
effects of mineral extraction and processing.

One of the most well-known environmental impacts of unsustain-
able production and consumption is climate change, which is primarily
caused by burning fossil fuels like coal, oil and gas. Climate change is
caused by the extraction and processing of certain materials, which can
release greenhouse gases as a result of chemical processes like in making
steel for buildings and infrastructure. The ever-increasing amount of land
that needs to be used for production and consumption, such as for agricul-
tural, raw material extraction, forestry, or buildings and infrastructure,
means clearing the land and removing all natural trees and vegetation.
This destroys the biodiversity of the plant life on that land, and also
harms animal and insect life through the loss of their habitats. Pollution
takes places at every stage of the value chain of a product or service, dur-
ing the extraction and processing of raw resources, the processing and

manufacturing of goods, as well as distribution and consumption.
(adapted from: https://www.oneplanetnetwork.org/SDG-12/natural-resource-use-
environmental-impacts)

Task 3. Translate the following word combinations from the text and fill
the gaps in the sentences below:

unsustainable production, burning of fossil fuels, greenhouse gases, chemical processes,
making steel
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1 The has polluted vast areas and significantly altered the at-

mosphere.

2 Over the centuries they have been mined for minerals, notably iron-

stone from which iron is extracted for

3 Much of the marine litter from land-based sources results from
and consumption and poor waste management.

4 Examples of are hydrogen and oxygen.
5 are processes that involve the rearranging of atoms to make
new substances.

Task 4. Finish the following sentences from the text, without looking
into it. Retell the text, using these sentences:

1 One of the most well-known environmental impacts of unsustainable
production and consumption is...

2 Climate change is caused by ...

3 The ever-increasing amount of land that needs to be raw material ex-
traction means. ..

4 This destroys the biodiversity of the plant life ...

5 Pollution takes places at every stage...

Task 5. Work in pairs. Discuss the environmental impact of mineral
processing on the following issues:

- water consumption and pollution;

- soil erosion and contamination;

- biodiversity loss;

- climate change.

Task 6. Find some more information on the Internet regarding the envi-
ronmental impacts of mineral processing. Make a 3-minute presentation.

Task 7. Identify the type of the Conditional sentences (1,2,3) and com-
plete the gaps with the correct form of the verbs:

1 Many wildlife habitats wouldn’t have been destroyed in the past if man
__ (keep) polluting the environment.

2 Imagine if we dumped all the chemicals into rivers right now, we
(not be able to) swim in them?
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3. If we ___ (not stop) cutting down so many trees, we ___ (endanger)
our oxygen supply in the future.

4. The Earth’s resources will be exhausted if the human population
(continue) to grow.

5. If everybody hadn’t used aerosols and CFCs, the hole in the ozone
layer __ (not get) bigger.

6. If the sun radiation can’t escape into space, Earth’s temperature
(increase) steadily.

7. If the global temperature rises, sea levels _ (rise) too.

8. We would threaten our own existence if we __ (not cut down) on
waste rapidly.

9. People ___ (run out of) drinking water if they had used it more ration-
ally.

10. If he ___ (want) to help the planet, then he ___ (have to) change his
habits.

30



REFERENCES

1. The science of metallurgy [Dnexrponnsiii pecypc]. URL:
https://www.austgen.com.au/the-science-of-metallurgy/ (mata ob6pare-
uus: 27.06.2024)

2. What is  metallurgy? [Dnekrponnsiii  pecypc]. URL:
https://www.petrosync.com/blog/what-is-metallurgy/ (mata oOGpamienwus:

27.06.2024)
3. Metallurgy [D7eKTpOHHEIH pecypcel]. URL.:
https://www.britannica.com/science/metallurgy/  (mata  oOpaiueHws:
27.06.2024)
4.  Automation [DeKkTpOHHBII pecypcl]. URL.:
https://www.britannica.com/technology/automation (mara oGpareHws:
27.06.2024)
5. Autonomous mining — History, Companies, Benefits, Challenges
and Solutions [DnexTponubIit pecypce]. URL:

https://globalroadtechnology.com/autonomous-mining-history-
companies-benefits-challenges-and-solutions/ (mara oOparieHus:
27.06.2024)

6.  Automation: the next industrial revolution [Dnexkrponnsiii pecypc].
URL.: https://www.sciencefocus.com/future-technology/automation-the-
next-industrial-revolution (zara oopamenus: 27.06.2024)

7. Transforming the Industry: Digitalization and Automation in Oil

and Gas Wells [DnexTponHbIit pecypc]. URL:
https://www.intechopen.com/chapters/88507 (mata obpareHus:
27.06.2024)

8.  Mineral resources [DnexTpoHHbIi pecypce]. URL:

https://www.studysmarter.co.uk/explanations/environmental-
science/physical-environment/mineral-resources/  (mara  oGpareHus:
27.06.2024)

9.  What are the non-ferrous metals [Dnexrponssiii pecypc]. URL:
https://www.engineeringchoice.com/what-are-the-non-ferrous-metals/
(mara obpamenus: 27.06.2024)

10. Alloy [2nexTpoHHbBII pecypc]. URL:
https://www.britannica.com/technology/alloy (mata oOparieHus:
27.06.2024)

11. Inside the high-powered process that could recycle rare earth metals
31


https://www.austgen.com.au/the-science-of-metallurgy/
https://www.petrosync.com/blog/what-is-metallurgy/
https://www.britannica.com/science/metallurgy/
https://www.sciencefocus.com/future-technology/automation-the-next-industrial-revolution
https://www.sciencefocus.com/future-technology/automation-the-next-industrial-revolution

[DnexTponHbIit pecypc]. URL:
https://www.popsci.com/environment/rare-earth-metal-recycling/  (mara
obparenus: 27.06.2024)

12.  Mineral processing [DneKkTpoHHBII pecypcl. URL:
https://www.britannica.com/technology/mineral-processing (mara o6pa-
menus: 27.06.2024)

13. Flotation [OnexTpoHHsIit pecypc]. URL:
https://www.britannica.com/technology/flotation-ore-dressing (mara 06-
pamenus: 27.06.2024)

14. Chemical compound [OnexTpoHHBIT  pecypc]. URL.:
https://www.britannica.com/science/chemical-compound (mata obpare-
uus: 28.06.2024)

15. Chemical reaction [DnexTponmBIit pecypcl]. URL.:
https://www.britannica.com/science/chemical-reaction/ (mata o6parie-
aust: 28.06.2024)

16. Chemical bonds [DnexTpoHHbIi pecypc]. URL:
https://www.chemistrylearner.com/chemical-bonds (mata oOpamieHust:
28.06.2024)

17. How do chemical reactions occur in the cold of space? [Dmek-
tpounbiii pecypc]. URL: https://www.sciencefocus.com/space/how-do-
chemical-reactions-occur-in-the-cold-of-space (mara  oOpaiieHus:
28.06.2024)

18. Awnrmo-pycckwuii cioBaps [Caiit]. URL: https://wooordhunt.ru (zara
obpamenus: 28.06.2024)

19. CnoBapr Mynberurpan [Caiit]. URL: https://www.multitran.com/
(mata obpamenus: 28.06.2024)

20. ENGLISH FOR SPECIFIC PURPOSES: METALLURGY & AU-
TOMATION: Yueono-metomuueckoe nocodue / Coct. C.A. CBelIHUKO-
Ba, M. A. Tpounxas, U.C. Porosa. CII16, 2023. — 78 c.

21. Power thesaurus [Caiir]. URL: https://www.powerthesaurus.org/
(maTa obpamienus:28.06.2024)

22. Bonamy D. Technical English. 4 Upper-Intermediate. Course Book.
Pearson, 2018. — 128 p.

23. Hposmosa T.1O., Maunosa B.I"., Bepecrosa A.1. English Gram-
mar: Reference and Practice. Version 2.0. — CII6: Anronorus, 2012. —
424 c.

32


https://www.popsci.com/environment/rare-earth-metal-recycling/
http://www.multitran.com/
http://www.multitran.com/
https://www.powerthesaurus.org/

24, CnoBapp Reverso Context. [Onektponssiii pecypc] URL:
https://context.reverso.net/translation/ (mara o6parenus:20.07.2024)

25. De Haes, S., Lucas, P. Environmental impacts of extraction and
processing of raw materials for the energy transition. The Hague, 2024.
[DMeKTpOHHBIIA pecypc]. URL.:
https://www.pbl.nl/system/files/document/2024-02/PBL-2024-
Environmental-impacts-of-extraction-and-processing-of-raw-materials-
for-the-energy-transition-5364.pdf (nara ooparenus:20.07.2024)

26. Digitization of mining: major challenges and motivations. [Dmexk-
tpounbiit pecypc]. URL: https://sptab.com/digitization-mining/ (zata 06-
pamienusi:20.07.2024)

217. Dou L. Inorganic Technology and its Role in Chemical Industry:
Journal of Advanced Chemical Engineering. 2023, Vol. 13, p. 283.
[DneKTpOHHBIH pecypc]. URL:
https://www.walshmedicalmedia.com/open-access/inorganic-technology-
and-its-role-in-chemical-industry-120119.html (maTa obOparire-
ausi:20.07.2024)

28. Electrolysis [DnexTpoHHbIit pecypce]. URL:
https://www.britannica.com/science/electrolysis (mata obpaiiie-

uust:20.07.2024).

29. Manufacturing applications of automation-and robotics [Diek-
TPOHHBII pecypce]. URL:
https://www.britannica.com/technology/automation/Manufacturing-
applications-of-automation-and-robotics (mata o6parenus:20.07.2024)
30. Modern technologies and innovations in metallurgy? [Dnexkrpon-
Helii  pecypc].  URL:  https://patriot-nrg.com/en/content/modern-
technologies-and-innovations-metallurgy (nata oopamienus :20.07.2024)
31. Natural-resource use and environmental impacts. [DnekTpoHHBII
pecypc]. URL:  https://www.oneplanetnetwork.org/SDG-12/natural-
resource-use-environmental-impacts (mara ooparenus — 20.07.2024)

32. PLC automation: what is it and what is its role? [DnexkrpoHHbIi
pecypc]. URL: https://www.mecalux.com/blog/plc-automation (mara 06-
pamienust:20.07.2024)

33. The Different Types of Industrial Automation. [DmexTpoHHBII
pecypc]. URL: https://www.tm-robot.com/en/types-of-factory-
automation/ (nara o6pamienwus :20.07.2024)

33



34. Top 10 Mining and Metallurgy Industry Trends with Al and loT
in 2024-2030 for UK, Europe, Asia, and Latin America. IoT Magazine.
[DMeKTpOHHBIIA pecypc]. URL.:
https://iotworldmagazine.com/2024/06/11/2329/__trashed (xata oGpaiue-
uus:20.07.2024)

35. What is Industrial Automation? [Dnexrponssiii pecypc]. URL:
https://www.unitronicsplc.com/what-is-industrial-automation/(nata  06-
pamienusi:20.07.2024)

36. 7 Trends and Technologies Shaping the Future of Metal Fabrica-
tion. [Dnexrponnsiii pecypc]. URL: https://ukmetalsexpo.com/7-trends-
and-technologies-shaping-the-future-of-metal-fabrication/ (zara ooparue-
uus :20.07.2024)

34



CONTENTS

UNIT 1. MINERAL RESOURCE INDUSTRY. METALLURGY 4
UNIT 2. THE HISTORY OF TECHNOLOGICAL PROCESSES

DEVELOPMENT ....oiiiiiiiiiet e 6
UNIT 3. TYPES OF MINERAL RAW MATERIALS. ................. 9
FERROUS AND NON-FERROUS METALS. ALLOYS............... 9
UNIT 4. MINERAL PROCESSING .......ccccoviiiiiiiiiiiiiiniie 12
UNIT 5. BASIC COMPOUNDS. .......ccoooiiiiiiieiecieeeee 15
TYPES OF CHEMICAL REACTIONS AND BONDS................ 15
UNIT 6. TYPES OF AUTOMATION SYSTEMS........cccovviiine 17
UNIT 7. INDUSTRIAL AUTOMATION EQUIPMENT ............. 20
UNIT 8. CHEMICAL TECHNOLOGIES OF INORGANIC
SUBSTANCES ... 23
UNIT 9. MODERN TECHNOLOGIES AND INNOVATIONS IN
METALLURGY AND MINING........cccooiiiiiiiiiiciee 25
UNIT 10. THE ENVIRONMENTAL IMPACT OF MINERAL
PROCESSING ..ot 28
REFERENCES........ci o 31

35



