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UNIT 1

FUNDAMENTALS OF METROLOGY AND STANDARDIZATION

TEXT A

KEY CONCEPTS OF METROLOGY
WHAT IS METROLOGY?

1. a) Read and translate the text into Ukrainian using the dictionary. Pay

attention to the underlined words and word combinations.

Metrology is the scientific study of measurement. It is defined by the International

Bureau of Weights and Measures (BIPM) as "the science of

measurement, embracing both experimental and theoretical
determinations at any level of uncertainty in any field of science and

technology”. This discipline establishes a common understanding

of units, crucial in linking human activities. Modern metrology has its
roots in the French Revolution's political motivation to standardize units in France when
a length standard taken from a natural source was proposed. This led to the creation of the

decimal-based metric system in 1795, establishing a set of standards for other types of

measurements.
Metrology is divided into three basic overlapping activities:
« The definition of units of measurement.
« The realization of these units of measurement in practice.
« Traceability — linking measurements made in practice to the reference standards.
These overlapping activities are used in varying degrees by the three basic sub-

fields of metrology:


https://en.wikipedia.org/wiki/Measurement
https://en.wikipedia.org/wiki/Unit_of_measurement
https://en.wikipedia.org/wiki/French_Revolution
https://en.wikipedia.org/wiki/Metric_system

« Scientific or fundamental metrology, concerned with the establishment of units of
measurement.

« Applied, technical or industrial metrology — the application of measurement to
manufacturing and other processes in society.

« Legal metrology, covering the regulation and statutory requirements for measuring

instruments and methods of measurement.

. @
YA

Scientific Legal Industrial
Metrology Metrology Metrology

Scientific metrology is concerned with the establishment of units of measurement,
the development of new measurement methods, the realization of measurement standards,
and the transfer of traceability from these standards to users in a society. This type of
metrology is considered the top level of metrology which strives for the highest degree of
accuracy. BIPM maintains a database of the metrological calibration and measurement
capabilities of institutes around the world. These institutes, whose activities are peer-
reviewed, provide the fundamental reference points for metrological traceability. In the
area of measurement, BIPM has identified nine metrology areas, which are acoustics,

electricity and magnetism, length, mass and related quantities, photometry and

radiometry, ionizing radiation, time and frequency, thermometry, and chemistry.

Scientific metrology plays an important role in this redefinition of the units as

precise measurements of the physical constants is required to have accurate definitions of

the base units.



Applied, technical or industrial metrology is concerned with the application of

measurement to manufacturing and other processes and their use in society, ensuring the

suitability of measurement instruments, their calibration and guality control. Producing

good measurements is important in industry as it has an impact on the value and quality

of the end product, and a 10-15% impact on production costs. Although the emphasis in

this area of metrology is on the measurements themselves, traceability of the measuring-

device calibration is necessary to ensure confidence in the measurement. Recognition of

the metrological competence in industry can be achieved through mutual recognition
agreements, accreditation, or peer review. Industrial metrology is important to a country's
economic and industrial development, and the condition of a country's industrial-
metrology program can indicate its economic status.

In manufacturing processes, industrial metrology is used to:

s UFyrs

= Standards.
4 € «Employ precise measurement tools in
critical industries such as semiconductors,

| data storage, consumer electronics, photonics,

processes remain in control.

« Significantly influence production costs.

New and advanced measurement technology is continuing to be adopted by
industry leaders as they continue to innovate and their ability to enhance design,
simulation, and analysis processes, contributing to superior product development, control
of their manufacturing processes, and quality assurance.

Legal metrology "concerns activities which result from statutory requirements and

concern measurement, units of measurement, measuring instruments and methods of
7



https://en.wikipedia.org/wiki/Measuring_instrument
https://en.wikipedia.org/wiki/Unit_of_measurement

measurement and which are performed by competent bodies"”. Such statutory
requirements may arise from the need for protection of health, public safety, the
environment, enabling taxation, protection of consumers and fair trade. The International
Organization for Legal Metrology (OIML) was established to assist in harmonizing
regulations across national boundaries to ensure that legal requirements do not inhibit
trade. This harmonization ensures that certification of measuring devices in one country
Is compatible with another country's certification process, allowing the trade of the
measuring devices and the products that rely on them. In the United States legal metrology

is under the authority of the Office of Weights and Measures of National Institute of

Standards and Technology (NIST), enforced by the individual states.

In a broader sense, metrology is crucial in many aspects of daily life and
professional fields:

Industry — ensures product quality and
reduces production errors.

Healthcare — guarantees accurate medical
tests and equipment performance.

Science — provides reliable data for

/ i\\ - 2 experiments and research.
Trade — protects consumers by ensuring fairness in weight and volume
measurements (e.g., fuel pumps, grocery scales).
Environment — helps monitor pollution levels with precise measuring instruments.
Metrology permeates everyday life, influencing various aspects from household
appliances to transportation and entertainment. Measurement instruments are everyday
tools of metrology, using standardized units of measure to provide accurate readings for
cooking, climate control, and construction. Here are some examples:
« Car speedometers
« Measuring cups

« Thermostats


https://en.wikipedia.org/wiki/OIML
https://en.wikipedia.org/wiki/National_Institute_of_Standards_and_Technology
https://en.wikipedia.org/wiki/National_Institute_of_Standards_and_Technology

« GPS
o Timers
o Scales
Metrology is essential for maintaining high standards in technology, production,
healthcare, and research. Understanding its key concepts allows specialists to ensure

reliable and trustworthy measurements.

b) Translate the italicized paragraph into Ukrainian (in writing).

c¢) Put 5 questions to the text.

2. Advanced Synonym Exercise: Metrology Terminology

a) Match the words with their synonyms.

1. Accuracy A. Dependable
2. Standardized B. Improve

3. Ensure C. Precision

4. Measurement D. Confirm

5. Establish E. Essential

6. Reliable F. Uniform

7. Regulate G. Control

8. Traceability H. Detection

9. Enhance I. Determination
10. Fundamental J. Set up

b) Find the most appropriate synonym.

9



Each sentence below contains a bolded word related to metrology. Choose the correct

synonym that best replaces the bolded word without changing the meaning.

1.

The accuracy of a measurement depends on the precision of the instruments used.
A) Reliability

B) Exactness

C) Complexity

D) Calibration

A standardized system of measurement is necessary for global consistency.
A) Universal

B) Approximate

C) Inconsistent

D) Arbitrary

Scientists must ensure that all measurements are traceable to international
standards.

A)Guarantee

B)Compensate

C)Predict

D) Simplify

The establishment of measurement standards is crucial for scientific accuracy.
A) Definition

B) Expansion

C) Elimination

D) Validation

Traceability allows measurements to be linked to a reference standard.

A) Verification

B) Approximation

C) Manipulation

D) Disruption
10



¢) Fill in the blanks with the correct synonym.
Use one of the given synonyms to complete each sentence. Make sure the sentence

makes sense in the context of metrology.

precision, regulation, calibration, fundamental, reliability

1. The of a measuring instrument must be performed regularly to

maintain accuracy.

2.A metrology principle is that every measurement must be linked

to an internationally recognized standard.

3. Governments use to ensure that measuring instruments used in

trade are accurate.

4. In scientific experiments, the of measurement results is essential

to draw valid conclusions.

5. Engineers use high tools to manufacture identical machine parts

with minimal error.

3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation

Metrology

Measurement

Accuracy

Precision

Calibration

11



Traceability

Standardization

Units of measurement

International System of Units

Fundamental metrology

Industrial metrology

Legal metrology

Reference standard

Measurement uncertainty

Reliability

Regulation

Quality control

Measuring instrument

Repeatability

Deviation

Verification

4. Match the words with their definitions.
a) Match each metrology-related term with its correct definition. Write the
correct letter next to each number.
1. Metrology
2. Accuracy
3. Precision
4. Calibration
5. Traceability

12



6. Standardization

7. Measurement uncertainty
8. Legal metrology

9. Industrial metrology

10. Reference standard

A. The degree to which a measurement result is close to the true or accepted value.
B. The science of measurement, including its methods, applications, and principles.
C. The process of comparing a measuring instrument against a known reference to
ensure accuracy.
D. The ability to repeat measurements with minimal variation, even if they are not
necessarily accurate.
E. A set of procedures and rules to ensure consistency in measurements worldwide.
F. The connection of a measurement result to national or international measurement
standards.
G. The estimation of possible errors in a measurement, recognizing that no
measurement is perfectly exact.
H. The branch of metrology that ensures measuring instruments comply with laws and
regulations.
I. The field of metrology that ensures accurate measurements in manufacturing and
production.
J. A highly precise and internationally recognized unit or object used as a measurement
benchmark.

b) Choose two terms and write your own sentences using them to reinforce

understanding.

5. Give English equivalents to the meanings of the following words and word

combinations.
13



Mertpounoris

BumiproBanHs

TouHICTH

[TpaBuIIBHICTH

Kani6pyBanus

BinTBoproBaHiCTh

MeTponoriyHa npocTexyBaHICTh

OnuHuIll BUMIPIOBAHHS

MixHapoaHa cuctema ogquHuIlb (SI)

MertposoriuyHuii cTaHaapT

[ToxnOka BUMIpIOBaHHS

HOpunnuna meTposoris

dyHaaMeHTaIbHa METPOJIOT IS

[TpomMuciioBa METpOIIOTis

Etanon

Kontpons sikocTi

3aci0 BumiproBaiabHOi TexHikH (3BT)

Ceptudikariis

HopmyBanus

JIOCTOBIpHICTH BUMIPIOBaHb

Basinamis MeToauku BUMIpIOBaHHS

MeTtposoriyauii KOHTPOIb

ATtecrarris BUpoOyBaIbHOTO 00J1aTHAHHS

€IHICTh BUMIPIOBAaHb

6. Choose the correct answer.

1. What is metrology?

14




a) The science of materials

b) The science of energy

¢) The science of measurement

d) The science of motion

. Which organization defines metrology as "the science of measurement"?
a) 1ISO

b) BIPM

c) OIML

d) NIST

. Which system of units was created during the French Revolution?
a) Imperial system

b) Metric system

c) CGS system

d) MKS system

. What are the three main activities of metrology?

a) Definition of units, calibration, standardization

b) Definition of units, realization of units, traceability
c) Definition of units, certification, quality control

d) Definition of units, testing, analysis

. What are the three basic subfields of metrology?

a) Fundamental, applied, legal

b) Fundamental, technical, industrial

¢) Fundamental, scientific, medical

d) Fundamental, applied, environmental

. What is the primary focus of scientific metrology?

a) Establishing units of measurement

b) Applying measurements in manufacturing

) Regulating measuring instruments
15



d) Protecting consumers
7. Which organization assists in harmonizing regulations in legal metrology?
a) 1ISO
b) BIPM
c) OIML
d) NIST
8. What is the role of metrology in healthcare?
a) Ensuring the accuracy of medical tests and equipment performance
b) Ensuring the quality of food products
¢) Ensuring the accuracy of measurements in construction
d) Ensuring the accuracy of measurements in trade
9. Which of the following are examples of measuring instruments in everyday life?
a) Car speedometers, measuring cups, thermostats
b) Measuring cups, thermostats, microscopes
c¢) Car speedometers, microscopes, GPS
d) Thermostats, GPS, microscopes
10.Which organization in the United States is responsible for legal metrology?
a) I1ISO
b) BIPM
c) OIML
d) NIST

7. Give the full version of the following acronyms:
BIPM -

OIML -

NIST -

8. Translate the following sentences into Ukrainian.
16



. Metrology is the scientific study of measurement, encompassing both experimental
and theoretical determinations at any level of uncertainty.

. Metrology establishes a common understanding of units, which is crucial for
linking human activities across various fields of science and technology.

. Scientific metrology focuses on the establishment of units of measurement, the
development of new measurement methods, and the realization of measurement
standards.

. Applied metrology ensures the suitability of measurement instruments in
manufacturing and other societal processes, impacting product quality and
production costs.

. Legal metrology involves statutory requirements for measuring instruments and

methods, protecting consumers and ensuring fair trade practices.

9. Translate the following sentences into English.

. Metponoris — 1€ HayKOBE JOCHIIKEHHS BHUMIPIOBaHb, SIKE€ OXOIUIIOE SK
eKCTIIepUMEHTaIbHI, TaK 1 TEOPETUYHI BHU3HAUCHHS Ha OyAb-SIKOMY piBHI
HEBU3HAYEHOCTI.

. HaykoBa wmeTposoris 3ocepemkeHa Ha BCTAaHOBJICHHI OJMHHUIIL BUMIPIOBaHHS,
pO3p0o0I11i HOBUX METOJIB Ta peaiizaiii CTaHIapTiB BUMIPIOBAHHS.

. MeTtposoris BCTaHOBJIIOE 3arajlbHe PO3YMIHHS OJIMHMIIL BUMIPIOBAHHS, IO €
BKJIMBUM JTsI 3B'I3KY JIFOJCHKOT AISUTBHOCTI B PI3HUX TATY3SIX HAYKU 1 TEXHIKH.

. [Ipuknagna metposnoris 3abe3nedye NMPUAATHICTh BUMIPIOBATBHUX MPUIALIB Y
BUPOOHUIITBI Ta 1HIIKX MPOIIECAX CYCMUILCTBA, BIUIMBAIOYH HA SIKICTh IPOYKITIi Ta
BUPOOHUY1 BUTPATH.

. FOpunnyna ™eTposorisi OXOIUTIOE HOPMATHBHI BHMOTH [0 BHUMIPIOBAIbHUX
MpUIAAIB 1 METOIB, 3aXWINAIOYM CIIOKMBAdiB 1 3a0€3MEUYIOUH CIPABESIIHBY

TOPTIBJIIO.

17



10. Answer the questions to the text.

1. What is the definition of metrology according to the International Bureau of Weights
and Measures (BIPM)?

2. What are the three basic overlapping activities in metrology?

3. What are the three basic subfields of metrology?

4. What is the primary focus of scientific metrology?

5. How does industrial metrology impact production costs in manufacturing?

6. What role does legal metrology play in consumer protection and fair trade?

7. Which organization assists in harmonizing regulations across national boundaries in

legal metrology?

8. How does metrology contribute to the healthcare industry?

9. What are some examples of measurement instruments used in everyday life?

10. How does metrology help monitor pollution levels in the environment?

11. Write a short summary of the text kKKEY CONCEPTS OF METROLOGY»
(See the scheme below) and be ready to present it.

1. Introduction

2. Main Body

Information File - How to Write a Summary

Title

Author
Purpose
Key Points

Supporting
Details
Logical
Flow

Start with the title of the article, book, or document you
are summarizing.

Mention the author's name.
Briefly state the purpose or main idea of the original text.

Identify and present the main points or arguments of the
text. Focus on the most important elements that convey
the overall message.

Include relevant supporting details that help explain the
key points. Avoid unnecessary specifics or minor details.

Maintain a logical flow in your summary. Present the
information in the same order as it appears in the original
text to ensure coherence.

18



Restate Main Summarize the main idea or purpose of the text in a

Idea concise manner.
_ Significance Highlight the significance or implications of the text's
3. Conclusion main points. Explain why the text is important or relevant.
Final If appropriate, include any final thoughts or reflections on

Thoughts the text. This can be a brief statement on the overall
impact of the content.

Tips for Writing a Summary

1. Read Thoroughly: Carefully read the text you want to summarize to fully
understand its main ideas and details.

2. ldentify Key Points: Determine the main ideas and essential details that are crucial
to the text. Focus on the who, what, when, where, why, and how.

3. Use Your Own Words: Rewrite the key points in your own words to avoid
plagiarism and ensure you truly understand the content.

4. Be Concise: Keep your summary brief and to the point. Eliminate any unnecessary
details or repetitive information.

5. Maintain the Original Meaning: Ensure your summary accurately reflects the
original text's meaning and intent without adding your own opinions or
interpretations.

6. Organize Logically: Present the information in a logical order, following the
structure of the original text if possible.

7. Check for Accuracy: Review your summary to make sure it accurately represents
the original text and includes all important points.

8. Edit and Revise: Edit your summary for clarity, coherence, and conciseness. Make
sure it is free of grammatical errors and flows smoothly.

By following these tips, you can create a clear and effective summary that captures the

essence of the original text!

19



Example Summary

Title: «<WHAT IS METROLOGY ?»

Author: Unknown

Purpose: The text provides an overview of various branches of metrology,
highlighting key concepts and their significance in scientific research and real-world
applications.

Summary: Metrology is the scientific study of measurement, defined by the
International Bureau of Weights and Measures (BIPM) as the science of measurement at
any level of uncertainty in any field of science and technology. It originated during the
French Revolution with the creation of the metric system. Metrology is divided into three
main activities: defining units of measurement, realizing these units in practice, and
ensuring traceability to reference standards. The field has three subfields: scientific
metrology, which focuses on establishing units and high accuracy; industrial metrology,
which applies measurement to manufacturing and processes; and legal metrology, which
involves statutory requirements for measurements to protect consumers and ensure fair
trade. Metrology is essential in various aspects of daily life, including industry, healthcare,

science, trade, and environmental monitoring.

12*. Creative Writing ""The Secret Life of Measurements™

Imagine a world where measurements come to life and have personalities. Write a
story from the perspective of different measurements, such as meters, kilograms, and
seconds, as they navigate their daily lives. Explore their interactions with each other and
with humans, their adventures in various industries, and the challenges they face in
maintaining accuracy. Describe how they contribute to scientific discoveries, industrial
processes, and everyday activities. Highlight the importance of their roles and the impact

they have on the world around them.

20
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2.

SPEAKING

. A Comprehensive Discussion & Guidelines

Understanding Metrology:

Define metrology and its significance in science and technology.

Discuss the historical development of metrology, particularly its roots in the French
Revolution.

Key Activities in Metrology:

Explain the three basic overlapping activities: definition of units, realization of
units, and traceability.

Explore how these activities contribute to accurate and reliable measurements.
Subfields of Metrology:

Identify and describe the three subfields: scientific metrology, industrial metrology,
and legal metrology.

Discuss the primary focus and importance of each sub-field.

Applications of Metrology:

Examine the role of metrology in various industries, including manufacturing,
healthcare, science, trade, and environmental monitoring.

Highlight specific examples of measurement instruments used in everyday life.
Impact on Daily Life:

Discuss how metrology influences daily activities and ensures quality and safety in
products and services.

Explore the broader implications of accurate measurements in society.

Render the following text into English. Summarize its main idea in one

sentence.

Mertpouiorisi — 11e HayKa Ipo BUMIPIOBAaHHS, KA OXOIUIIOE SIK €KCIIEPUMEHTAJbHI, TaK

1 TEOPETUYHI BU3HAYEHHS Ha OYylb-SIKOMY pPIBHI HEBH3HAYCHOCTI B Oylb-sKill ramysi

21



HAyKU 1 TeXHIKH. BOHa BCTAHOBIIOE 3arajibHEe PO3YMIHHS OJAWHUIIL BUMIPIOBAHHS, L0 €
BXKJIMBUM JJIsI 3B'SI3KY JIFOJICHKOT ISNIBHOCTI B Pi3HUX cepax.

Icropis cydacHOi MeTpoJiorii 6epe cBiii mouaTok 3 @paHIry3bK0i peBOIIOLI, KOJIU 0YII0
3alpONOHOBAHO CTAHJAPTU3yBaTH OJMHMII BUMIpIOBaHHS y DpaHilii, CTBOPUBIIH
MeTpuuyHy cucteMy B 1795 pomi. Llg cuctema crana OCHOBOIO Jis IHIIMX THUITIB
BHUMIpPIOBaHb.

MeTtpoJiorist MOAUISETHCS HA TPU OCHOBHI BUIU JTISTTBHOCTI:

1. Bu3Ha4YeHHS OJIMHUIIb BUMIPIOBAHHS.

2. Peanizaiiist iux OJMHUILH HA MPAKTHILL.

3. TpacyBaHHS — 3B'SI30K BUMIPIOBaHb 3 €TAJJOHHUMH CTaHIapTaMHU.

TpboMa OCHOBHUMH MiAPO3/1JIaMU METPOJIOTII €

1. HaykoBa MeTpoIioris, sika 30cepe/PKeHa Ha BCTAHOBIICHHI OJMHUIIb BUMIPIOBaHHS,
pO3poOIIl HOBUX METOJIIB BUMIPIOBaHHS, peaiizallli cTaHJapTiB BUMIPIOBAHHS Ta
nepeaavi TpacyBaHHS BiJl IMX CTAHIAPTIB 10 KOPUCTYBAYiB.

2. llpuknagHa, TexHiYHA abO MPOMUCIOBA METPOJIOTII BHUBYAE 3aCTOCYBaHHS
BUMIPIOBaHb y BHUPOOHUIITBI Ta IHIIKUX TMpoIecax, 3abe3rmeueHHs MPHUIaTHOCTI
BUMIPIOBAJIBHUX MPHUJIAJIB, X KaIIOpyBaHHS Ta KOHTPOJIb SKOCTI.

3. IOpunuuna MeTpoJsioTiss OXOIUTIOE HOPMATHBHI BHMOTH JI0 BUMIPIOBAJIBHUX
IPWIAAIB 1 METOIB BHUMIPIOBAHHS, 3aXHIAIOUN CIOXXKHBAYiB 1 3a0€3Meuyroun
CIIpaBeJIJIUBY TOPTIBIIIO.

MeTtposoris Bilirpae BaKJIUBY pOJib y 0araThOX acleKTax MOBCIKIACHHOTO KUTTS Ta Y
Takux npodeciitanx chepax sk MPOMHUCIOBICTh, OXOPOHA 3/I0POB'A, HayKa, TOPTIBIS Ta
OXOpPOHA HAaBKOJMIIHLOTO cepeaoBHina. BoHa 3abe3nmedyye TOYHICTh 1 HAJIHHICTH
BUMIPIOBaHb, 1[0 € KPUTHYHO BAXKIWBUM JJIA MIATPUMAHHS BHCOKUX CTaHAAPTIB Yy

TEXHOJIOT1X, BUPOOHHUIITBI, METUYHUX JTOCTIKEHHSX Ta 1HIINX TaTy35X.

3*. Research and Presentation:

Prepare a presentation «Metrology as a Science» following the plan below:
22



— Introduction to Metrology

— Importance of Metrology

— Measurement Systems and Standards
— Fundamental Concepts in Metrology
— Types of Measurement Errors

— Practical Applications of Metrology

— Conclusion

23



TEXTB

NATIONAL AND INTERNATIONAL STANDARDS & MEASUREMENT

1. a) Read and translate the text using the dictionary:

Today, metrology is much more advanced. It is used in major technological fields.
You have a tablet — a machine that seems so simple these days — but if you look
inside, you will begin to understand the great part metrology plays in the design of this
object. For such a sophisticated touch screen, thickness measurements are critical to the
shape and function of the product. These are just examples. But if you look around you,
you will see the essential part metrology

REMINDERS FROM A METROLOGIST

plays in everything we do.
What cannot be measured cannot

be manufactured. All industries depend on metrology for
J/hat cannot be measured cannot the quality of their work — in fact some of
be tested.

What cannot be measured cannot them have costs that are 50% dependent on
be certified.

metrology.

A bit of history. In 1790, in the midst of the French Revolution, the French
National Assembly asked the French Academy of Sciences to “deduce an invariable
standard for all measurements and weights*. The unit of length decided was the metre.
This name was derived from the Greek word metron, meaning measure. The other units
were to be derived from the unit of length. Thus, an evolved system in which the basic
units of the system are linked to each other was born.

It was decided that the larger and smaller versions of each unit should be created
by multiplying or dividing the base units by 10. Calculations in the metric system could
therefore be performed simply by moving the decimal point. The metric system is

a decimal system. The metric system was not initially accepted with much enthusiasm.
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However, France made its use compulsory in 1840. Adoption by other States took
place on a regular basis — the standardized metric characters and decimals were well suited
to scientific work.

An act of the United States Congress in 1866 made it possible “to use the weights
and measures of the metric system in all contracts, transactions or legal proceedings”.

In 1875, the Convention of the Metre established well-defined metric standards
for length and mass. A total of 17 States, including the United States, signed the
Convention — the Convention of the Metre.

In 1900, a total of 35 States, the main countries of continental Europe and most of
the states of South America, officially accepted the metric system.

The Convention of the Metre is the treaty that created the Bureau International
des Poids et Mesures — BIPM — an intergovernmental organization under the direction
and supervision of the Comité International des Poids et Mesures — CIPM. The first
meeting was held in 1889 and continues once every four to six years.

The CIPM*s constant efforts to improve the metric system have resulted in the
addition of new units of measurement: metre, kilogram, second, ampere, kelvin, mole and

candela. The International System of Units of Measurement was born.

International System of Units

©,10;19;,0,,8;

m Kilogram

The modern version of the SI metric system has seven basic units from which all

Second

other units of measurement are derived.
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- Scientists use the meter to measure length.

- They use the kilogram to measure mass.

- And the second to measure time.

- An ampere is the base unit to measure electric current.

- Kelvin is the unit for temperature.

- And the candela measures luminous intensity, or brightness.

- Last but not least, scientists use the mole to measure the amount of particles in a

substance.

Thanks to SI Units, scientists from across the globe can understand each other, and
successfully work together!

Today, only the kilogram remains a unit based on a physical artifact, the standard
kilogram, kept near Paris. All other units are defined in terms of wavelength and time,
which can be measured and reproduced with a high degree of accuracy.

The measurement is the set of operations whose purpose is to determine an
experimental value — taking into account the environment — called measurand by
comparing it directly or indirectly to a standard which is the material representation of the
unit in which the measurand will be expressed.

A measurement standard (etalon/artifact) is a material measure, measuring
instrument, reference material, or measuring system intended to define, realize, conserve,
or reproduce a unit or one or more values of a quantity to serve as a reference.

Types of measurement standards. Within the field of metrology, experts rely on
three main types of measurement standards. These include primary measurement
standards, secondary measurement standards, and working measurement standards. A

primary measurement standard is based on physical constants. These are widely

acknowledged as having the highest metrological quantities, and their value is accepted

without reference to other standards of the same quantity. A secondary measurement

standard is valued in comparison with a primary standard of the same quantity. That is,

they are calibrated upon the primary standard. A working measurement standard is used
26



routinely for the calibration of Measurement Traceability

equipment and  measuring
tlmeﬂ?altinnal
System of Units)

instruments in general use,

having less accuracy than

secondary measurement
Standards' In-House Precision Standard,
. or Company's “Master” Item

Traceability of

Transfer Standard,

or Company's Product Equipment

measurement ensures that a
measurement result or the value Final Product
of the standard is related to
references through an unbroken chain of comparisons. A calibration laboratory
“establishes traceability of its own measurement standards and instruments to the Sl by
means of an unbroken chain of calibrations or comparisons linking them to relevant
primary standards of the SI units of measurement.”19 Linking calibration to SI units is
done through national measurement standards, which may be primary standards. Sl units
are primary standards when tethered to fundamental physical constants. All test equipment
requiring calibration should undergo an initial calibration before being put into service.
Calibration refers to the verifcation of instruments to ensure the precision and
traceability of a measurement. Calibration involves determining the metrological
characteristics of an instrument. This is achieved by a direct comparison to a higher
accuracy know standard. A calibration certificate or test report is issued. Based on this
information, a user can decide whether the instrument is fit for the application.
Errors inevitably occur in any measuring system:
— the measuring system is never perfect since it is generally more or less sensitive to the

environment (temperature, pressure, humidity...).

— the standards used to calibrate the instrumentation are only an imperfect materialization
of the definition of the unit that they are responsible for representing — the wrong

definition of the quantity is itself a source of error.
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We must therefore calibrate our measuring instrument — that is the art of metrology.
Comparisons can be used to calibrate — to ensure that the values returned to us correlate
with the values based on those of the standard. It is the repeatability of measurements that
ensures a correct result,

To explain, let’s take the example of a target. The center of the target
Is the value of the standard, the value considered accurate — if, of course,
our standard is not corrupted. Our measuring device, if it is out of
adjustment, will give us points that are more or less close to the center (
of the target. Repeating these measurements over and over again, and
adjusting the device, will gradually bring us closer to the center of the target. When the
readings returned by our device are close enough to the center of our target, we consider
that our device is calibrated — it hits in the bull’s eye every time.

You have probably read this text via your smartphone or computer. Little quiz
game: How is the design of your device decided? How is the fineness of your screen
measured? Your battery voltage? How is the pixel density of your screen measured —

fullHD we hope? The answer is metrology.

b) Translate the italicized paragraphs into Ukrainian (in writing).
¢) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

2. Synonym groups for metrological vocabulary.

a) Select five key terms from the text. For each term, create a list of 2 to 6
synonyms that capture the same or similar meanings within the context of metrology.
Below are examples to guide you:

1. Measurement — Gauging — Quantification — Evaluation — Assessment.

2. Calibration — Adjustment — Standardization — Alignment — Tuning.
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. Accuracy — Precision — Exactness — Correctness — Fidelity.

. Traceability — Verification — Validation — Authentication — Documentation.

3
4
5. Standard — Benchmark — Norm — Criterion — Reference.

6. Instrument — Device — Apparatus — Tool — Equipment.

7. Unit — Measure — Quantity — Dimension — Scale.

8. Error — Deviation — Discrepancy — Inaccuracy — Fault.

9. Metrology - Measurement science - Gauging science - Quantification science -
Evaluation science.

10. Verification — Confirmation — Validation — Authentication — Certification.

b) Match the words with their synonymes.

1. Measurement a) Fidelity

2. Calibration b) Authentication

3. Accuracy ¢) Quantification

4. Traceability d) Adjustment

5. Standard e) Criterion

6. Instrument f) Tool

7. Unit g) Dimension

8. Error h) Discrepancy

9. Metrology 1) Evaluation science
10. Verification j) Certification

¢) Fill in the blanks with the correct synonym from the list provided.
1. The of the measuring device is crucial for obtaining precise results.

(Accuracy)
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ensures that measurements are linked to reference standards.
(Traceability)
The process involves adjusting instruments to ensure precision.
(Calibration)
A is used to define, realize, or reproduce a unit of measurement.

(Standard)

is the science of measurement. (Metrology)

d) Replace the underlined word with its synonym from the list provided.
The measurement of length is done using a meter.

Calibration of equipment is necessary for accurate results.

Accuracy is essential in scientific experiments.

Traceability ensures that measurements are reliable.

The standard kilogram is kept near Paris.

e) Multiple Choice. Choose the correct synonym for the underlined word.
The instrument used for measuring temperature is a thermometer.
a) Device
b) Criterion
c¢) Dimension
d) Discrepancy
Verification of measurements is important for quality control.
a) Adjustment
b) Authentication
¢) Quantification
d) Fidelity
Error in measurements can lead to inaccurate results.

a) Tool
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b) Criterion
c¢) Discrepancy
d) Dimension
4. Unit of mass is the kilogram.
a) Measure
b) Tool
c) Fidelity
d) Authentication
5. Metrology is the science of measurement.
a) Evaluation science
b) Criterion
c¢) Adjustment
d) Quantification

f) Create your own sentences using the synonyms.

For example: The quantification of length is done using a meter.
Measurement — Quantification

Calibration — Adjustment

Accuracy — Precision

Traceability - Verification

A

Standard — Benchmark

3. Using the dictionary transcribe and translate the key words:

Word Transcription

Translation

Measurement

Calibration

Accuracy
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Precision

Traceability

Unit

Standard

Instrument

Error

Metrology

Verification

Gauge

Quantification

Adjustment

Benchmark

Reference

Certification

Validation

Deviation

Artifact

4. Match each word with its correct definition. Write the correct letter next to
each number.
1. Measurement
. Calibration

. Accuracy

. Traceability

2
3
4. Precision
5
6. Standard
7

. Instrument

32



8. Error
9. Verification

10. Artifact

a) The degree to which the result of a measurement conforms to the correct value.

b) The process of adjusting a measuring device to ensure its accuracy.

c) A material measure, measuring instrument, or reference material used as a
reference.

d) The science of determining the size, quantity, or degree of something.

e) The ability to consistently reproduce a measurement.

f) The process of confirming that a measurement or instrument meets specified
criteria.

g) A device used for measuring.

h) The relationship of a measurement to a reference standard.

1) A deviation from the correct value in a measurement.

j) A basis for comparison; a reference point against which other things can be

evaluated.

5. Give English equivalents to the meanings of the following words and word

combinations.

Hayka npo BumipioBaHHs

Eranon

Kani6pyBanus

To4HICTH

BumiproBansHuit ipria

MixHaponHa cuctemMa onuHHIb (SI)

Cranpapr
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OnuHMILIS BUMIPIOBAHHS

TpacyBaHHs

Mertpuuna cucrema

Konseniiis metpa

BumiproBanHs

Bepudikanis

Ceprudikar kaniOpyBaHHs

MeTponoriyHi XxapakTepucTUKA

[Tomuiika BUMIPIOBaHHS

MuixuapoaHe Oropo Bar 1 Mip

,HGCSITKOBa CHUCTCMAa

MixHapOAHUI KOMITET Bar 1 Mip

®dDi31yH1 KOHCTAHTHU

6. Choose the correct answer:
1. What role does metrology play in the design of modern technological devices like
tablets?
a) It ensures the aesthetic design of the device.
b) It is crucial for thickness measurements and overall functionality.
c) It provides entertainment features.
d) It enhances battery life.
2. Which historical event led to the creation of the metric system?
a) The Industrial Revolution
b) The French Revolution
¢) The American Revolution

d) The Scientific Revolution
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. What was the primary unit of length decided by the French Academy of Sciences
in 17907
a) Inch
b) Foot
c) Meter
d) Yard
. How are larger and smaller versions of metric units created?
a) By multiplying or dividing the base units by 100
b) By multiplying or dividing the base units by 10
c¢) By adding or subtracting fixed values
d) By using fractions
. Which organization was established by the Convention of the Metre in 18757
a) ISO
b) BIPM
c) OIML
d) NIST
. What are the seven basic units of the modern SI metric system?
a) Meter, kilogram, second, ampere, kelvin, mole, candela
b) Meter, gram, minute, volt, Celsius, mole, lumen
c¢) Inch, pound, hour, watt, Fahrenheit, mole, lux
d) Meter, kilogram, second, volt, Celsius, mole, lumen
. Which unit remains based on a physical artifact?
a) Meter
b) Kilogram
c¢) Second
d) Ampere
. What is the purpose of calibration in metrology?

a) To enhance the aesthetic design of instruments
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b) To verify the precision and traceability of measurements
c¢) To increase the speed of measurements
d) To reduce the cost of instruments
9. What is a primary measurement standard based on?
a) Physical constants
b) Secondary standards
c) Working standards
d) Environmental factors
10.What ensures the repeatability of measurements in metrology?
a) The aesthetic design of instruments
b) The calibration process
c¢) The use of advanced technology

d) The environmental conditions

7. Translate the following sentences into Ukrainian:
1. Measurement in metrology involves determining the size, quantity, or degree of
something using standardized units.
2. Accurate measurements are essential in metrology to ensure the reliability and
consistency of data across various fields.
3. Calibration is a crucial process in metrology that adjusts measuring instruments to
maintain their precision.
4. Traceability in metrology ensures that measurements can be linked back to reference
standards through an unbroken chain of comparisons.
5. Metrology plays a vital role in industries by providing accurate measurements that

impact product quality and production costs.

8. Translate the following sentences into English:
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1. MeTponoriuie CymnpoOBOMKECHHS BUMIPIOBAJBLHUX CHUCTEM 3a0€3leuye TOYHICTh 1
HAJIIHICTh BUMIPIOBaHb y PI3HUX Taly3sX.

2. BaxJMBHM acleKTOM METPOJIOTIYHOTO CYMPOBOIKEHHSI € PErylspHE KalllOpyBaHHS
BUMIPIOBAJIbHUX MPUIIAIIB AJIs MIATPUMAHHS iXHBOI TOUHOCTI.

3. TpacyBaHHs BHMIpIOBaHb [0 €TaJOHHUX CTaHAAPTIB € KIIOYOBUM €JIEMEHTOM
METPOJIOTTYHOTO CYIPOBOYKEHHS.

4. MeTposoriuie CynpoBOKEHHsI BKJIIOUA€ MEPEBIPKY Ta cepTuikaiiiro BUMIpPIOBaJIbHUX
CUCTEM JJis1 3a0€3MEUYEHHS BIAMOBIIHOCTI HOPMATUBHUM BUMOTaM.

5. 3aBAsSkd METPOJOTIYHOMY CYNPOBO/KEHHIO BHUMIPIOBaJbHI CHUCTEMU MOXYTb

3a0e3reuyBaT BUCOKUM PIBEHB SIKOCT1 Ta TOYHOCTI JaHUX.

9. Give the full version of the following acronyms:
CIPM - ;
SI Units - ;
NIST - :
APMP - :
EURAMET - :
AFRIMETS -

10. Answer the questions to the text.
1. How does metrology contribute to the design and functionality of modern technological
devices like tablets?
2. What historical event led to the creation of the metric system, and what was the primary
unit of length decided?
3. How are larger and smaller versions of metric units created, and why is this system
advantageous?
4. Which organization was established by the Convention of the Metre in 1875, and what

1S 1ts role?
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5. What are the seven basic units of the modern SI metric system, and what does each unit
measure?

6. Why is the kilogram still based on a physical artifact, and where is it kept?

7. What is the purpose of calibration in metrology, and how does it ensure precision and
traceability?

8. What are the three main types of measurement standards in metrology, and how do they
differ?

9. How does traceability of measurement ensure the reliability of measurement results?
10. What role does metrology play in ensuring the repeatability of measurements, and why

1s this important?

10. Write a short summary of the text (See the scheme in the Information File —
Ex. 11, P. 18) and be ready to present it.

11*. Creative Writing " A Day in the Life of a Measurement"

Imagine you are a measurement, such as a meter, kilogram, or second. Write a story
from the perspective of this measurement as it travels through different environments and
industries. Describe the challenges it faces, the importance of its accuracy, and the impact
it has on the world around it. Explore how it interacts with various measuring instruments

and the role it plays in scientific discoveries, industrial processes, and everyday life.

SPEAKING

1. A Comprehensive Discussion & Guidelines
1. Define Key Concepts:
o Explain what metrology is and why it is important in science and technology.
« Discuss the historical development of metrology, including the creation of
the metric system.
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. Identify and Explain Activities:

o Describe the three basic overlapping activities in metrology: definition of
units, realization of units, and traceability.

« Provide examples of how these activities are implemented in practice.

. Explore Subfields:

o Identify the three main sub-fields of metrology: scientific metrology,
industrial metrology, and legal metrology.

« Discuss the primary focus and significance of each subfield.

. Discuss Applications:

« Examine the role of metrology in various industries such as manufacturing,
healthcare, science, trade, and environmental monitoring.

o Provide specific examples of measurement instruments used in these
industries.

. Analyze Impact on Daily Life:

« Discuss how metrology influences everyday activities and ensures quality
and safety in products and services.

« Explore the broader implications of accurate measurements in society.

. Evaluate Calibration and Standards:

« Explain the importance of calibration in metrology and how it ensures
precision and traceability.

« Discuss the different types of measurement standards (primary, secondary,
and working standards) and their roles.

. Address Challenges and Solutions:

o Identify common challenges in metrology, such as measurement errors and
environmental factors.

o Discuss solutions to these challenges, including regular calibration and
traceability.

. Encourage Critical Thinking:
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« Pose open-ended questions to stimulate deeper thinking and discussion. For
example:
o How does metrology contribute to technological advancements?
o What are the potential consequences of inaccurate measurements in critical
industries?
9. Summarize Key Points:
o Periodically summarize the main points discussed to reinforce
understanding.
o Conclude with a summary that highlights the key takeaways from the
discussion.
10. Reflect and Follow Up:
« Reflect on the discussion and identify areas for further exploration.
o Follow up with additional resources or questions to continue the

conversation.

2. Translate the following text into English.
a) Express the main idea of the text in one sentence.

b) Write a short summary of the text in English.

MeTtponoriyHe CynpoBOIKEHHSI BUMIPIOBAJIBHUX CHUCTEM € BAXKIMBUM aCHEKTOM
3a0e3MNeueHHs TOYHOCTI Ta HaIIHHOCTI BUMIPIOBaHb Y PI3HUX raiy3sx. BoHo Bkirouae B
cebe KOMIUIEKC 3aX0[iB, CIIPSMOBAHUX Ha MIATPUMAHHS Ta MOKPAIIEHHS METPOJIIOTTYHIX
XapaKTePUCTUK BUMIPIOBAIbHUX MPUJIAIIB 1 CUCTEM.

OCHOBHUMHU €JI€MEHTaMHU METPOJIOTIYHOTO CYITPOBOIKCHHS €:
1. KaniOpyBanHsi — 1i¢ TMpoOIeC HAJAIMITyBAaHHS BHUMIPIOBAJIBHUX TNPUIATIB IS
3a0e3nedeHHs iXHbOi ToyHOCTI. KamiOpyBaHHs BKII0Ya€ TOPIBHSIHHS MOKA3HUKIB

npuiany 3 €TaJIOHHUMHU 3HAYCHHSAMU Td BHCCCHHA HCO6XiI[HI/IX KOPpHUI'YBAaHb.
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TpacyBanns 3a0e3nedye 3B'I30K BHUMIPIOBaHb 3  HalllOHAJIBHUMU  abo
MDKHapOAHUMH €TaJOHAMM Yepe3 HelepepBHUM JTaHIIOT MOpiBHAHG. Lle no3Bosse
rapaHTyBaTH, 110 pEe3yJAbTaTd BUMIPIOBAHb € JIOCTOBIPHHMMHM Ta MOXYTb OyTH
BIJITBOPEH1 B OyAb-sIKiM TOULI CBITY.

IlepeBipka Ta ceprudikanisa BUMIpIOBAIbHUX MPUIAAIB MIATBEPIXKYE IXHIO
BIJIMOBIIHICTh BCTAHOBJICHUM CTaHIApTaM.

MOHITOPHHI Ta KOHTPOJIb SIKOCTI — 1€ MOCTIMHMM HamIiag 3a CTaHOM
BUMIPIOBAJIBHUX CUCTEM Ta iXHBOIO poOororo. Croau HaliexkaTh aHali3 JIaHUX,
BUSIBJICHHS Ta YCYHEHHS MOXJIMBHX BIJIXUJIEHb 400 HECIIPaBHOCTEH.

HaBuanHsl mepcoHasly OXOIUTIOE MIATOTOBKY Ta MIABUINEHHS KBadidikaiii
¢daxiBIiB, fKI MPaIOOTh 3 BUMIpPIOBAJIbHUMH cucTteMamu. Lle 3abesneuye

IMPaBUJIBHC BUKOPUCTAHHA HpI/IJIa)IiB Ta JOTPUMAHHA MCTpOHOFi‘IHI/IX BHUMOI.

OT)KG, MeTponorque CYIIPOBO’KCHHA BI/IMipIOBaJ'IBHI/IX CUCTEM € KPHUTUYIHO

BAXJIMBUM JJIs1 3a0e3MedYeHHs] BUCOKOI SKOCTI MPOMYKIlli, O€3MEeKH TEXHOJIOTIUHHX

IIPOIIECIB Ta HAIIMHOCTI HAYKOBUX JOCIII)KeHb. BOHO 103BOJISIE MIHIMI3yBaTH MOXHUOKH

BUMIPIOBaHb, MIJBUIIUTH €(EKTUBHICTh BUPOOHUIITBA Ta 3a0€3MEUUTH BIAMOBIIHICTH

Mi)KHapO,IIHI/IM CTaHIapTaM.

3*. Research and Presentation:

Prepare a presentation "Metrological Measurements" following the plan below:

— Introduction to Metrology

— Types of Metrology

— Basic Measurement Concepts

— Measurement Standards

— Measurement Errors and Uncertainty

— Instruments and Calibration
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— Applications of Metrology

— Conclusion
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UNIT I

OPTICAL SYSTEM

TEXT A

Basics of optics: reflection, refraction, diffraction

1. a) Read and translate the text into Ukrainian using the dictionary. Pay

attention to the underlined words and word combinations.

Optics is the scientific study of the behavior of light, and covers reflection,
refraction, diffraction and interference, as well as polarization of light. Clinically, light is
how we see. It transports visual impressions. Technically it is a form of radiant energy.
It stimulates receptor cells on the retina, which in turn transmits impulses to the brain
allowing us to see. Inaddition, light is essential for life on earth. Optics usually describes

the behaviour of visible, ultraviolet, and infrared light. Light is a type of electromagnetic

radiation, and other forms of electromagnetic radiation such as X-rays, microwaves,

and radio waves exhibit similar properties.
Most optical phenomena can be accounted for by using the classical

electromagnetic description of light, however complete electromagnetic descriptions of

light are often difficult to apply in practice. Practical optics is usually done using

simplified models. The most common of these, geometric optics, treats light as a

collection of rays that travel in straight lines and bend when they pass through or reflect

from surfaces. Physical opticsis a more comprehensive model of light, which

includes wave effects such as diffraction and interference that cannot be accounted for in

geometric optics. Historically, the ray-based model of light was developed first, followed
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https://en.wikipedia.org/wiki/Visible_light
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Microwave
https://en.wikipedia.org/wiki/Radio_wave
https://en.wikipedia.org/wiki/Classical_electromagnetism
https://en.wikipedia.org/wiki/Classical_electromagnetism
https://en.wikipedia.org/wiki/Geometric_optics
https://en.wikipedia.org/wiki/Ray_(optics)
https://en.wikipedia.org/wiki/Physical_optics
https://en.wikipedia.org/wiki/Wave
https://en.wikipedia.org/wiki/Diffraction
https://en.wikipedia.org/wiki/Interference_(optics)

by the wave model of light. Progress in electromagnetic theory in the 19th century led to
the discovery that light waves were in fact electromagnetic radiation.

Some phenomena depend on light having both wave-like and particle-like

properties. Explanation of these effects requires quantum mechanics. When considering

light's particle-like properties, the light is modelled as a collection of particles called

"photons”. Quantum optics deals with the application of quantum mechanics to optical
systems. Optical science is relevant to and studied in many related disciplines
including astronomy, various engineering fields, photography, and medicine (particulary
ophthalmology and optometry, in which it is called physiological optics). Practical

applications of optics are found in a variety of technologies and everyday objects,

including mirrors, lenses, telescopes, microscopes, lasers, and fibre optics.

Originally introduced by Pythagoras and later elaborated on by Sir Isaac Newton,
the corpuscular theory of light states that light consists of tiny particles or bundles of
corpuscles, which are emitted by the light source and gathered in (absorbed) by the eye
allowing for a visual experience. We use this
theory to describe reflection. It also explains how
light can be used to create electrical energy and to
used to describe reflection, as well as rainbows.
The Corpuscular Theory can explain shadows, in

that the tiny particles of light will be stopped by

an object and unobstructed particles will continue

on, forming a shadow.
If light from two separate sources fall on the same object,

H\
¢
two shadows overlap resulting in an indistinct shadow. %;9

The Electromagnetic Wave Theory explains that light

travels in a series of waves moving outward from a light source, how a rainbow is formed,

how light is dispersed when it passes through a prism, and how a telescope works.
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https://en.wikipedia.org/wiki/Wave%E2%80%93particle_duality
https://en.wikipedia.org/wiki/Wave%E2%80%93particle_duality
https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Photon
https://en.wikipedia.org/wiki/Quantum_optics
https://en.wikipedia.org/wiki/Astronomy
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Photography
https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Ophthalmology
https://en.wikipedia.org/wiki/Optometry
https://en.wikipedia.org/wiki/Mirror
https://en.wikipedia.org/wiki/Lens_(optics)
https://en.wikipedia.org/wiki/Optical_telescope
https://en.wikipedia.org/wiki/Microscope
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Fibre_optics

Begun as the Wave Theory of Light proposed by Huygens in 1678, this theory
describes light as waves that move out/spread out from the source that generates light.
Each color is a different wavelength. Supernumerary bows are explained by assuming
that light is a wave. James Clark Maxwell elaborated on the Wave Theory and describes
light as having electric and magnetic properties — electromagnetic waves. It is an
improvement over the wave theory in that it explains how light is generated. Visible light
is only one type of electromagnetic wave. This theory is very math intensive.

These three fundamental wave phenomena — reflection, refraction, and diffraction
describe how waves (including light, sound, and water waves) interact with different
media and obstacles. Understanding these concepts is crucial in physics, engineering, and
optics.

Reflection of Light Reflection is a property of wave

Normal

which occurs when a travelling wave
strikes a surface and it bounces back. The
travelling wave is the incident wave while

the one that bounces back is the reflected

Jr— B rain. In case of water waves generated in
a ripple tank, if the waves were made to
incident normally on a plane strip, the wave will be reflected back along their original
course.

If the waves are incident at a particular angle, it will be observed that the angle of
incidence is equal to the angle of reflection in line with the laws of reflection. The incident
ray, the reflected ray and the normal, at point of incidence, all lie on the same plane. The

angle of incidences is equal to the angle of reflection.
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Refraction is the Refraction of Light

change in the speed and
Normal

I Incident Ray
I

I zi

direction of waves as it

passes from one medium

Medium 1

to another. When plane
waves pass from deep to

shallow  water, their

Refracted R
wavelength becomes A

shorter and  thereby

travels slowly. A change in the wavelength and speed produce a change in the direction of
travel of waves when they cross the boundary. It is important to note that during refraction,

the frequency remains constant.
Diffraction is the spreading out of'a wave on
\\ passing through a narrow opening. If waves are
' \\ \ \ directed towards a large gap compared with the
o?ign?r:gv // / / wavelength of the waves, slightly bent or beam of
// waves are formed on passing through the gap. If the

barriers are placed closer to leave a narrow gap

| Diffraction of light wave | waves forms spherical wave fronts on passing

Circuit Globe

through a narrow shit. Diffraction occurs when the wavelength of the wave is longer than
the width of the opening or the size of the obstacles.

Reflection, refraction, and diffraction are fundamental properties of wave behavior
that explain various natural and technological phenomena. From the working of mirrors
and lenses to fiber optics and sound propagation, these principles have wide-ranging

applications in science and engineering.

b) Translate the italicized paragraph into Ukrainian (in writing).

¢) Put 5 questions to the text.
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2. Synonym in Optics Vocabulary:

a) Select five key terms from the text. For each term, create a list of 2 to 6 synonyms
that capture the same or similar meanings within the context of optics. Below are examples
to guide you:

— Light — Radiant energy — Electromagnetic radiation — Visible radiation.

— Travel — Move — Spread — Propagate.

— Describe — Explain — Define.

— Phenomenon — Event — Effect — Occurrence.

— Bend — Refract — Curve — Deflect.

— Scientific study — Research — Investigation — Exploration.

b) Fill in the Blanks with Synonyms. Choose the correct synonym to complete each

sentence.
features, necessary, phenomenon, transmits, impacts
1. Light is for life on Earth.
2. Optics visual impressions to the eye.
3. Diffraction is a wave that describes light spreading through

small openings.

4. The study of optics many areas, including physics and
engineering.
5. Light different materials in various ways, causing refraction

and reflection.

¢) Find the Odd One Out. In each group, one word does NOT belong. Find and
underline it.
Behavior — Action — Function — Disappear.

Bounces — Reflects — Absorbs — Returns.
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Light — Wave — Vision — Darkness.
Transmit — Block — Transfer — Send.

Frequency — Wavelength — Color — Temperature.

d) Rewrite the following sentences by replacing the underlined words with their
SYnonyms.

- Light is a type of electromagnetic radiation.

- Reflection happens when light bounces off a surface.

- A prism splits white light into different colors.

- Refraction changes the speed and direction of light.

- Diffraction spreads out a wave when it passes through an opening.

e) Choose the correct synonym for the underlined word.
1. Light stimulates receptor cells on the retina.
a) activates
b) ignores
c) removes
d) prevents
2. Optics describes the behavior of light.
a) prevents
b) explains
c) destroys
d) confuses
3. Light travels as both a wave and a particle.
a) moves
b) stops
c) blocks

d) covers
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4. Reflection occurs when light bounces off a surface.
a) absorbs
b) jumps
c) reflects
d) breaks
5. Diffraction causes light to spread out.
a) narrow
b) expand
c¢) shorten

d) darken

f) Write a short paragraph (5-7 sentences) about optics using at least five synonyms
for the following words: light, wave, reflection, speed, energy.

Example: "A beam of radiant energy moves through space at an incredible
velocity. As it meets a mirror, it undergoes bouncing due to the law of mirroring. This
electromagnetic phenomenon allows us to see objects around us. Scientists study these

oscillations to understand the principles of physics."

3. Using the dictionary transcribe and translate the key words:

Word Transcription Translation
Electromagnetic radiation

Electromagnetic spectrum
Visible light

Reflection

Refraction

Diffraction

Interference
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Polarization

Total internal reflection

Wavelength

Corpuscular theory of light

Wave-particle duality

Fiber optics

Optical fiber

Optometry

Speed of light

Amplitude

Photon

Infrared light

4. Match each word with its correct definition. Write the correct letter next to

each number.

=

Fiber optics
Prism
Reflection
Diffraction
Refraction
Interference
Laser

Polarization

© ©o N o g k& w N

Lens
10.Wavelength
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A. A technology that uses thin strands of glass or plastic to transmit light signals over
long distances.

B. The spreading of waves when they pass through a narrow opening or around an
obstacle.

C. A process in which light waves overlap, creating patterns of brightness and
darkness.

D. The restriction of light waves to vibrate in a single direction.

E. The bouncing back of light from a surface.

F. A transparent optical element that refracts light to focus or disperse it.

G. A triangular optical element that disperses light into a spectrum of colors.

H. The distance between two successive crests or troughs of a wave.

I. A device that emits a narrow, intense beam of coherent light.

J. The bending of light as it passes from one medium to another.

5. Give English equivalents to the meanings of the following words and word
combinations:

BinOurrs

3aJIOMJICHHS

Judpakiris
[aTepdepeniisa

[Tomsipu3aris

EnexTpoMaruiTHe BUIPOMIHIOBaHHS

XBUITbOBA TEOPIs CBITIA

Kopnyckynsipna Teopist cBiTIia

KBanToBa ontuka

dotoH

Jlin3a
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ITpusma

OnTryHUN CIEKTP

CBiT/IOBUI TPOMIHB

OnTrUyH1 BOJIOKHA

Jlazep

J13epkano

BinOuBHuii Kyt

Kyt 3anomiienns

OnTuyHi npuIaIn

6. Are the statements true or false?
. Light is a form of electromagnetic radiation.
. Reflection occurs when light changes its frequency.
. Refraction happens when light alters its speed while passing through different mediums.
. Diffraction describes the bending of light around obstacles or through narrow openings.
. A photon represents the wave-like nature of light.
. Polarization involves the alignment of light waves in a specific direction.
. The corpuscular theory states that light behaves as particles.

. Red light has a shorter wavelength than blue light.
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. A prism splits white light into its spectral colors.

10. Visible light is the only form of electromagnetic wave.

7. Choose the correct answer:

1. What property of light explains the formation of shadows?
a) Reflection
b) Refraction

c¢) Diffraction
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d) Corpuscular theory
2. What happens to light when it passes through a prism?
a) It reflects
b) It bends and forms a spectrum
c) It disappears
d) It gets scattered
3. What type of electromagnetic wave is visible to the human eye?
a) Infrared
b) Ultraviolet
¢) Visible light
d) X-rays
4. Which term describes the bending of light as it enters a denser medium?
a) Reflection
b) Refraction
c) Diffraction
d) Interference
5. What is the smallest unit of light called?
a) Proton
b) Electron
c) Photon
d) Atom
6. Which theory explains light as both a wave and a particle?
a) Electromagnetic theory
b) Quantum mechanics
c¢) Corpuscular theory
d) Newton’s theory
7. What term is used to describe the spreading of light waves through a narrow

opening?
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a) Reflection
b) Refraction
¢) Diffraction
d) Polarization
8. What phenomenon causes rainbows?
a) Reflection and refraction
b) Diffraction
¢) Polarization
d) Interference
9. How do optical fibers transmit information?
a) By polarizing light
b) Through total internal reflection
¢) By absorbing light waves
d) Through wave dispersion
10. Who first proposed the wave theory of light?
a) Isaac Newton
b) Christiaan Huygens
c) James Clerk Maxwell
d) Albert Einstein

8. Translate the following sentences into Ukrainian:

1. Optics represents a sophisticated branch of physics dedicated to analyzing the
intricate behavior and multifaceted properties of light.

2. It delves deeply into phenomena such as the precise mechanisms of reflection,
the bending of light during refraction, the spreading effects of diffraction, and the
interaction patterns seen in interference.

3. The dual nature of light, encompassing both particle-like photons and wave-like

characteristics, is elegantly described within the framework of quantum optics.
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4. Practical implementations of optical science manifest in advanced technologies,
including high-precision microscopes, state-of-the-art telescopes, and cutting-edge fiber
optic communication systems.

5. The study of optics has catalyzed significant advancements across diverse fields,
ranging from groundbreaking medical imaging techniques to revolutionary astronomical

observations and innovative photographic technologies.

9. Translate the following sentences into English:

1. OnTuka — ramy3p (i3UKH, siKa BUBYAE BIACTUBOCTI Ta MOBEIHKY CBITJIA.

2. CBITJIO Ma€e MOJBIMHY MPHUPOY, MPOSBIISIIOYM SIK XBUJIbOBI, TaK 1 KOPIYCKYJISPHI
BJIACTUBOCTI.

3. Hudpaxkiis ta iHTepdEepeHIlis CBiTIa € KJIIOUYOBUMU SBUIIAMHU Y (QI3UYHINA ONTHIILI.

4. TlpakTuyHe 3aCTOCYBaHHS ONTHKM BKJIOYAE PO3POOKY TaKUX MPHUIAAIB, K
TEJIECKOIU, MIKPOCKOIIY Ta ONTOBOJIOKOHHI CUCTEMHU.

5. 3HaHHS ONTHUKH BIIIrPalOTh BUPILATIBHY POJIb Y TalTy3sX MEAULMHU, ACTPOHOMIT Ta

THXKeHepii.

10. Answer the questions to the text.
. What branch of science studies the behavior and properties of light?
. How does geometric optics simplify the study of light?
. What does the corpuscular theory of light propose about its nature?
. How does the electromagnetic wave theory explain the formation of a rainbow?
. What is the role of quantum mechanics in understanding light?
. What are some everyday applications of optics mentioned in the text?
. How does diffraction occur according to the description in the text?

. What is the difference between physical optics and geometric optics?
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. Which scientist first proposed the wave theory of light?

10. What three fundamental wave phenomena are described in the text?
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11. Write a short summary of the text (See the scheme in the Information File

(Ex. 11, P. 18) and be ready to present it.

12*. Creative Writing "The Secret Lives of Light: An Adventure Through the World
of Optics"

In this story, light is personified and embarks on a journey through various optical
phenomena. From bending through prisms and creating rainbows to reflecting off mirrors
and diving into the mysteries of fiber optics, light encounters different characters and
challenges along the way. The narrative could explore how light interacts with different

materials, the science behind these interactions, and the magical effects they produce.

SPEAKING

1. A Comprehensive Discussion & Guidelines

Choose one of the topics and be ready to present it.

— Exploring the Fundamentals of Optics

|

. Define optics and its importance in science and technology.

N

. Explain the laws of reflection and its applications in everyday life.

3. Discuss the principles of refraction, Snell's law, and real-world examples like lenses
and prisms.

4. Describe diffraction and its significance in optical instruments.

5. Explore the concept of polarization and its uses in sunglasses and photography.

— Advanced Optical Technologies and Their Applications
1. Explain the working of fiber optic cables and their role in telecommunications.
2. Discuss the principles of lasers and their applications in medicine, industry, and

entertainment.
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3. Describe different types of optical sensors and their uses in environmental
monitoring and security systems.

4. Explore the science behind holography and its potential future applications.

— Optics in Nature and Everyday Life

1. Explain the formation of rainbows and mirages through optical principles.
2. Discuss how the human eye works and the role of corrective lenses.

3. Explore the use of optics in cameras and the art of photography.

4. Describe various optical illusions and the science behind them.

2. Translate the following text into English.
a) Express the main idea of the text in one sentence.

b) Write a short summary of the text in English.

Onmuxa — 11e po3ain Gi3UKH, SIKUK BUBYAE BIACTUBOCTI CBITJIA T4 HOTO B3a€EMOJIIIO
3 wmarepiamamMu. CBIiTJIO MOXKe BiOMBATHCS, 3aJIOMIIOBATHCS Ta MOJSPHU3YBaTHCH,
CTBOPIOIOYH PI3HOMAHITHI ONTUYHI SBHIIIA.
OCHOBHI NOHAMML ONMUKIL:
1. BigbutTs: CBITIIO BiIOMBA€ETHCS BiJ IMOBEPXHI, 3MIHIOIOYM HanpsMok. lle sBuie
BUKOPUCTOBYETHCS B I3EPKAIAX.
2. 3anomienHs: CBITJIO 3MIHIOE HAMpPSMOK TPH TEPEXOJl 3 OJHOTO CEPeIOBHUINA B
iHmre. [Ipuknagom € iH3M, SKi POKYCYIOTh CBITIIO.
3. Hudpaxkis: CBITIO pO3CIIOETHCSA MPU MPOXOMKEHHI 4Yepe3 BY3bKi OTBOpHU abo
MIEPEIIKO/IA, CTBOPIOIOUM 1HTep(hEpEHITIHHI KAapTHHHU.
4. Tlonspwuzaris: CBiTi0 MOXKe OyTH MOISIPU30BAHUM, TOOTO HOTO XBUJII KOJTHBAIOTHCS
B OJTHOMY HarpsMKy. Lle BUKOpHCTOBYETHCS B COHIIE3aXUCHUX OKYISIPaXx.
3acmocysanns onmuku:

1. ®ibpoonTtrka: BukopucTOBYyEThCA NS Tepeadl JaHUX YEpe3 ONTUYHI BOJIOKHA.
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2. Jlazepu: 3aCTOCOBYIOTBHCSI B MEIULIMHI, IPOMUCIOBOCTI Ta pO3Barax.
3. OntuyHi ceHcopu: BUKOpUCTOBYIOTbCS JJIE  MOHITOPUHTY  HABKOJIMIIHBOIO
CEpEOBHILA Ta CUCTEM OE3IEKU.
4. Tonorpadis: CTBOpEHHS TPUBUMIPHUX 300pake€Hb 3a IOIOMOI'OIO CBITJIA.
OnTHKa € BaXJIMBOIO YACTUHOIO HAILOTO YKUTTS — BIJ TaKUX MPUPOIHUX SIBULI K
BECeJIKa /10 TeXHOJIOT1H, Ikl MM BUKOPUCTOBYEMO I110/IHA. BoHa nonmomarae Ham Kparie

PO3YMITH CBIT HABKOJIO HAC 1 PO3BMBATH HOBI TEXHOJIOT'11 11 MailOyTHHOTO.

3*. Research and Presentation:
Prepare a presentation «The Wonders of Optics: From Basic Principles to Cutting-

Edge Technologies» following the plan below:

1. Introduction to Optics
« Definition and importance of optics in science and technology.
« Brief history of optical discoveries.
2. Fundamental Principles of Optics
« Reflection: Laws of reflection and everyday applications.
o Refraction: Snell's law, lenses, and prisms.
« Diffraction: Understanding diffraction patterns and their significance.
« Polarization: How polarization works and its practical uses.
3. Optical Phenomena in Nature
« Rainbows: Formation and explanation.
o Mirages: How they occur and the science behind them.
« Optical Illusions: Examples and the principles that create them.
4. Modern Optical Technologies
« Fiber Optics: How they work and their role in telecommunications.
« Lasers: Principles, types, and applications in various fields.

« Optical Sensors: Types and uses in environmental monitoring and security.
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o Holography: The science behind holograms and future applications.
5. Optics in Everyday Life
o Vision and Eyewear: How the human eye works and the role of corrective
lenses.
o Photography: The use of optics in cameras and the art of capturing images.
o Sunglasses: How polarized lenses protect our eyes.
6. Future of Optics
« Emerging technologies and potential advancements.
o The impact of optics on future scientific research and everyday life.

Conclusion
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TEXT B

LASER TECHNOLOGY APPLICATIONS

1. a) Read and translate the text into Ukrainian using the dictionary. Pay

attention to the underlined words and word combinations.

In today's technological landscape, laser technology stands at the core of industrial
development. This technology has a wide range of applications, from precision cutting to
engraving. However, various applications of laser technology also present unique
challenges, such as safety concerns and environmental impact.

Laser technology involves using light to perform various functions like cutting,
engraving, measuring, and communication. The word "laser" stands for Light
Amplification by Stimulated Emission of Radiation. Simply put, lasers produce highly

focused beams of light that are coherent, monochromatic, and collimated.

Lasers are different from regular light sources so that they concentrate light into a
powerful beam, enabling applications requiring precision and high energy density. This
makes laser technology incredibly versatile across many industries. Laser-cutting
equipment is commonly used in manufacturing processes with high precision and speed.

There are applications of laser in various fields and across a diverse range of
industries. Lasers are used for a variety of applications in scientific, medical, industrial,

and commercial fields. The output power and wavelength of a laser determines the kind

of applications for which it is most appropriate.
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Laser cutting is one of the most
common uses of laser
technology. It involves using a

high-powered laser beam to cut

through various materials,
including metals, plastics,

wood, and ceramics. Laser

cutting machine is valued for
its ability to create intricate
designs.

Laser Technologies provides advanced tube Laser Cutting Machines that offer

accuracy for industries needing high-quality, complex tube cuts. The Universal Tube

Laser Cutting Machine R2 is an advanced machine for businesses looking to cut various

tubes and profiles efficiently. Tiny Tube Laser Cutting Machine R1 is a more compact
and specialized version for smaller tubes. R1 is a precision micro-cutting machine that is
space-efficient, easy to maintain, and ideal for small workshops or operations with limited
space.

Laser welding is a high-precision
technique wused in industries such as

asen aerospace, automotive, and electronics.
Smart...

Lasers provide a focused, intense heat
source, which enables highly accurate
welding without affecting surrounding

materials. Laser Welding is particularly

useful in applications where a high-quality,

clean weld is needed or where the

components being joined are delicate.
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Smartweld is a handheld, cost-effective welding system with faster writing speed, making
it easy to operate and saving welders annually, resulting in smoother welding seams. This
machine is suitable for basic applications of laser in industry to the most advanced
applications of laser in manufacturing.

Laser engraving and marking are used for permanent designs, logos, or text onto
products. This is commonly used for industrial branding, product identification, and
consumer personalization. The beauty of laser engraving is that it doesn’t require physical
contact, meaning there's no wear on the material surface during the process, and the

designs are highly durable. Fiber Laser Marking Machines offer efficient, precise

solutions for various materials, utilizing advanced fiber laser technology and beam
control for high performance.

Laser Technology Challenges. Despite its many laser technology applications,
laser cutting machines in India do come with certain challenges. Some of the major laser
technology challenges include:

1. High Initial Investment. Laser systems, especially industrial machines, can
have a high upfront cost. This can make them prohibitive for small businesses or startups.
However, the long-term benefits of improved precision and efficiency often outweigh the
initial investment.

2. Material Limitations. While lasers are highly effective for cutting a range of
materials, not all materials are suitable for laser cutting. Reflective materials like copper
and brass can cause laser beams to scatter, reducing cutting efficiency. However,
technological advancements are continually expanding the materials that can be processed
with lasers.

3. Training and Expertise. Laser machines often require specialized knowledge
to operate effectively. Operators need to be trained in how to handle the equipment,
maintain it, and troubleshoot any issues that may arise. Companies must invest in training

to ensure that their staff can utilize the full potential of laser technology.
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4. Safety Concerns. Lasers emit powerful beams of light that can cause harm if not
handled properly. Protective measures such as shields, and proper machine enclosures are
necessary to ensure the safety of workers. Manufacturers must adhere to stringent safety
standards to prevent accidents.

5. Maintenance and Calibration. Like all high-tech equipment, laser systems
require regular maintenance and calibration to maintain their performance and precision.
Although maintenance schedules can be planned, machine downtime can still be
disruptive, particularly in high-demand operations.

Laser Technologies stands as a reliable partner for businesses looking to integrate

laser-cutting solutions into their operations. With a focus on quality, innovation, and
customer satisfaction, Laser Technologies provides products that address the needs of
modern manufacturing industries.

Laser Technologies offers innovative machines such as the universal tube laser
cutting machine R2 and the tiny tube laser cutting machine R1, both of which are designed
to meet the demands of industries requiring high-precision cutting. These machines
provide versatile, reliable, and efficient solutions for tube processing, ensuring that
customers receive the best-in-class technology.

Superior After-Sales Support is committed to ensuring that customers get the
most out of their laser machines. Their dedicated after-sales support team provides
technical assistance, troubleshooting, and maintenance services to keep your machines
running at peak performance. Whether it’s machine installation, training, or regular
servicing, Laser Technologies ensures that every customer gets the full value from their
investment.

Laser Technologies understands that different industries have unique needs. They
offer customizable laser-cutting solutions that can be tailored to specific requirements.
Whether you’re cutting small or large tubes or need specialized configurations, Laser

Technologies works closely with customers to provide personalized solutions.
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Laser technology has multiple industries, from precision cutting and applications.
Laser-cutting machines like those offered by Laser Technologies provide businesses with
the tools they need to stay ahead in the competitive manufacturing landscape. By choosing
Laser Technologies the customers gain reliable support that ensures their machines
perform at their best over the long term.

b) Translate the italicized paragraph into Ukrainian (in writing).

¢) Put 5 questions to the text.

2. Advanced Synonym Exercise:

a) Match the words with their synonyms.

1. Precision A. Use

2. Versatile B. Limitation

3. Application C. Restriction
4. Restriction D. Diverse

5. Limitation E. Accuracy

6. Advanced F. Sophisticated
7. Efficient G. Effective

8. Permanent H. Lasting

9. Compact I. Advancement
10. Innovation J. Small-sized

b) Rewrite the following sentences, replacing the highlighted words with their
synonyms.

1. Laser technology is widely used in manufacturing.

2. The primary challenge of laser cutting is its cost.

3. This machine provides high-quality results.

4. Laser engraving is a permanent method of marking materials.
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9.

The company offers efficient after-sales support.

Laser cutting allows for precise designs. (replace "precise™)

The development of laser systems has revolutionized manufacturing.

The compact size of the Tiny Tube Laser Cutting Machine R1 makes it ideal for
small workshops.

Laser welding provides a strong bond between materials.

10.The industry is looking for more cost-effective laser solutions.

o~ w D

¢) Complete the sentences with the correct synonym of the word in brackets.

Laser cutting provides _ (accuracy) for intricate designs.

The company offers _ (customized) solutions for different industries.
One ofthe main __ (challenges) of laser technology is high initial costs.
Laser weldingisan __ (effective) method for joining delicate components.
Smartweldisa __ (portable) and user-friendly laser welding system.

d) Choose the synonym that best matches the word in bold.
1. Precision is a key factor in laser cutting.
a) Efficiency
b) Accuracy
c) Strength
2. The company develops advanced laser machines.
a) Outdated
b) Sophisticated
c¢) Simple
3. Laser welding provides a focused heat source.
a) Diffused
b) Concentrated

¢) Random
65



4. The use of lasers in medicine is expanding.
a) Growing
b) Shrinking
c) Stopping
5. The machine has various industrial applications.
a) Limited
b) Multiple
c) Single

3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation

Coherent light

Laser technology

Monochromatic light

Collimated beam

Laser cutting

Engraving

Marking

Wavelength

Output power

Precision

High energy density

Tube laser cutting

Fiber laser

Micro-cutting

Laser welding
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Beam control

Calibration

Reflective materials

Safety standards

Light Amplification

4, Match the words with their definitions. Write the correct letter next to each

number.

[E—

. Laser cutting

. Engraving

. Marking

. Wavelength

. Precision

. Collimated beam
. Fiber laser

. Calibration
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. Reflective materials

10. Safety standards

A. A technique that uses a laser to join materials by melting them together.

B. The process of removing material from a surface using a laser to create text,
logos, or patterns.

C. The use of a focused laser beam to precisely cut materials like metal, plastic, or
wood.

D. A measurement of the distance between two peaks in a wave of light,
determining its color and energy.

E. The ability to achieve highly accurate and detailed results with minimal error.
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F. A laser beam where the light rays travel parallel to each other without spreading
out.

G. A type of laser that uses optical fibers to generate and transmit a powerful laser
beam.

H. The process of adjusting and fine-tuning a laser system to ensure accurate
performance.

I. Surfaces like copper or brass that can scatter or reflect a laser beam, making
cutting more difficult.

J. Regulations and guidelines that ensure laser machines are used without causing

harm to operators.

5. Give English equivalents to the meanings of the following words and word

combinations.

CTaHdapTHu Oe3mneku

KaJiOpyBaHHS

Bi/I0MBarO4i MaTepianu

KEPYBaHHsI IPOMEHEM

MIKpOpi3aHHs

Ja3epHe 3BapIOBAHHS

Ja3epHe pizaHHSA TPYO

BOJIOKOHHUH J1a3ep

BHCOKa IIUIBHICT €HEePrii

BHXIJIHA IMOTYXHICTh

TOYHICTH

IOB)KMHA XBUJI1

Ja3epHA TEXHOJIOT1s

IMACUJIEHHS CBITIIA
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KOT'€pEHTHE CBITIIO

MOHOXPOMATHUYHE CBITIIO

KOJUTIMOBAHHM MPOMIHB

Ja3epHe pi3aHHsS

IpaBitOBaHHS

MapKyBaHHS

6. Choose the correct answer.
1. What does "laser" stand for?
a) Light Absorption by Simulated Emission of Radiation
b) Light Amplification by Stimulated Emission of Radiation
c) Light Application by Strong Energy Radiation
d) Light Acceleration by Systematic Emission of Rays
2. Which process uses a laser to cut materials with high precision?
a) Engraving
b) Marking
¢) Welding
d) Laser cutting
3. What is the main advantage of laser engraving?
a) It requires physical contact with the surface
b) It is a temporary marking technique
C) It creates durable, precise designs without damaging the material
d) It works only on metal surfaces
4. Which type of laser is commonly used for high-precision cutting and marking?
a) Gas laser
b) Fiber laser
¢) Fluorescent laser

d) Solar laser
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5. What is a wavelength in laser technology?
a) The power output of a laser beam
b) The speed at which the laser moves
c¢) The distance between two peaks in a wave of light
d) The width of the laser beam
6. Why are reflective materials a challenge for laser cutting?
a) They absorb too much heat
b) They reflect the laser beam, reducing efficiency
¢) They are too thin to be cut
d) They change color when exposed to a laser
7. Which industry commonly uses laser welding?
a) Fashion design
b) Aerospace
c) Agriculture
d) Baking
8. What is the main safety concern when using lasers?
a) Loud noise production
b) Weak structural design
c¢) High-energy beams that can damage eyes and skin
d) The need for frequent refueling
9. What is calibration in laser systems?
a) The process of heating up the laser
b) The adjustment of the laser for accuracy and performance
¢) A method of cooling the laser machine
d) The installation of laser safety shields
10. What is one major disadvantage of laser technology?
a) Low precision

b) High initial cost
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¢) Slow processing speed

d) Requires constant manual operation

7. Write T (True) or F (False) for each statement.

1. Lasers produce a highly focused, coherent, and monochromatic beam of
light.

2. Laser cutting can only be used on metal materials.

3. One of the advantages of laser engraving is that it does not physically touch
the material.

4. Fiber lasers are less efficient than traditional gas lasers.

5. Laser welding is commonly used in the aerospace and automotive industries.

6. A collimated laser beam spreads out quickly as it moves away from the
source.

7. Calibration is necessary to maintain the accuracy and performance of laser
machines.

8. Reflective materials, such as copper and brass, can reduce laser cutting
efficiency.

9. Laser technology has no safety risks, making protective gear unnecessary.

10. __ One of the main challenges of laser technology is its high initial investment
cost.

8. Translate the following sentences into Ukrainian.

1. Laser technology is widely used in industries such as manufacturing, medicine, and
telecommunications.

2. Laser cutting allows for precise and high-speed material processing, making it ideal
for intricate designs.

3. Fiber lasers are energy-efficient and provide high-quality results in engraving and

marking applications.
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4. Laser welding is commonly used in the automotive and aerospace industries for
strong and clean welds.
5. Despite its advantages, laser technology requires safety precautions to protect

workers from high-energy beams.

9. Translate the following sentences into English.

1. CyuwacHi Ja3epHi TEXHOJOrIl LIMPOKO 3aCTOCOBYIOTHCS B MEIUIUHI,
IPOMUCIIOBOCTI Ta HAYIII.

2. JlazepHe pi3aHHA J103BOJIsSiE BUKOHYBATH TOYHY Ta IIBHJIKY 0OOpOOKY MartepiaiiB
0e3 MEXaHIYHOI0 KOHTAaKTY.

3. BonokonHi J1azepu € eHeproeeKTMBHUMH Ta 3a0e3MeYyI0Th BHUCOKY SKICTh
IpaBilOBaHHS Ta MapKyBaHHS.

4. JlazepHe 3BaplOBaHHS BHKOPHUCTOBYETHCS B aBialllifHIM Ta aBTOMOOUIHHIN
IPOMUCIIOBOCTI JUIsl CTBOPEHHS MILHUX 3'€/IHaHb.

5. Ilonpu nepesaru, jazepHe o0siaJHaHHS NOTPeOy€e PEryysspHOro KajliopyBaHHS

Ta IOTPpUMAaHHA IIPpaBUJI OC3IeKH.

10. Answer the questions to the text.

. What does the word LASER stand for?

. What are the main applications of laser technology?

. Why is laser cutting widely used in manufacturing?

. What is the difference between laser engraving and laser marking?

. How does laser welding benefit industries like aerospace and automotive?
. Why can reflective materials be challenging for laser cutting?

. What role does calibration play in laser systems?

. What are some safety concerns associated with laser technology?
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. What is one of the biggest challenges in adopting laser technology?

10. How do fiber lasers differ from traditional gas lasers?
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11. Write a short summary of the text (See the scheme in the Information File
(Ex. 11, P. 18) and be ready to present it.

12*. Creative Writing "The Future of Laser Technology: How Lasers Will
Shape Our World in 2050*

Prompt: Imagine you are living in the year 2050, where laser technology has
advanced beyond today’s limits. Write a futuristic story or an article exploring how lasers
are transforming industries, from medicine and transportation to space exploration and
daily life.

Ideas to consider:

« Laser-powered medical treatments that heal wounds instantly.

« Laser highways where vehicles move on beams of light.

« Space exploration using high-energy lasers to propel spacecratft.
« Holographic communication enhanced by laser projection.

. Potential dangers and ethical concerns of advanced laser technology.

SPEAKING

1. A Comprehensive Discussion & Guidelines

Discuss about laser technology, its applications, challenges, and future prospects.
Provide detailed explanations, examples, and practical guidelines on its safe and effective
use.
- Define laser technology and explain its significance.
- Briefly mention key applications and challenges.
- Discuss how lasers are used in industry, medicine, communication, and research.
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- Explain the difficulties of high costs, safety risks, and material limitations.

- Provide recommendations on safety measures, proper training, and maintenance.

- Predict potential advancements and their impact on society.

- Summarize key points and express your opinion on the importance of further research in
this field.

2. Translate the following text into English.
a) Express the main idea of the text in one sentence.

b) Write a short summary of the text in English.

3acTocyBaHHS JIa3epHUX TEXHOJOTI

JlazepHi TE€XHOJOTi BiIrPalOTh BAXKJIUBY POJIb Y Cy4YaCHOMY CBITi, OXOILTIOIOYH
IIMPOKUHN CIIEKTP Tally3ed — BiJI IPOMHUCIOBOCTI IO MEIUIIMHA Ta HAYKH. 3aBISKUA CBOTH
BHUCOKIH TOYHOCTI, IBUAKOCTI Ta €()EKTUBHOCTI Ja3epu BIIKPUIA HOBI MOKIIUBOCTI ISt
TEXHOJIOTIYHOTO MPOTPECY.

Onmna 3 HaWmommpeHImUX cdep BUKOPHUCTAHHS JIA3epiB — HPOMUCTO8E
supobHuymeo. JlazepHe pizaHHs 3aCTOCOBYETHCS sl OOPOOKH METalliB, TJIACTUKY, CKJIa
Ta IHITUX MaTepiaiaiB. BoHO 103BoJIsI€E CTBOPIOBATH CKJIQHI ASTall 3 BUCOKOIO TOYHICTIO,
10 0COOJIMBO BaXXJIMBO B aBTOMOOLIBHIM, aBialliiHIi Ta €JICKTPOHHIN MPOMHUCIOBOCTI.
Kpim Toro, mazepHe 3BaproBaHHs 3a0e3Medye MIllHI Ta YUCT1 MIBU O€3 3aiiBOTO MEPETPIBY
Marepiairy.

VY meouyuni nazepu BUKOPHCTOBYIOTHCS JJIsl OTEpalliii, JIarHOCTUKHU Ta Teparii.
JlazepHa Xipypris 103BOJIsI€ BAKOHYBATH O€3KpOBHI Orepailii, Hampukiaj, KOPEKIiio 30py
9y BHUJAJCHHS NyxJuH. JlazepHa KOCMETOJIOTIS JomoMara€ B JIIKyBaHHI IIKIPHHUX
3aXBOPIOBaHb, BUAAICHHI TATYIOBAaHb Ta OMOJIOKECHHI MIKIpH. JIa3epHi TEXHOOTIi TaK0XK
aKTUBHO 3aCTOCOBYIOTHCSI B CTOMATOJIOTI IS JTIKYBaHHS Kapiecy Ta BimOLTIOBaHHS 3y0iB.

HaykoBi maGoparopii IHUPOKO BUKOPHCTOBYIOTH Ja3epHi TEXHOJOTIl s

docnioxcenv v Qisuyi, ximii ma 6Oionoeii. JlazepHa CIEKTPOCKOITIS T03BOJISE BUBYATH
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CKJIaJ] PEYOBHH, a MOTYXHI1 JIJA3epH1 YCTAHOBKH JIONIOMAratoTh MOJIEIIOBATH €KCTPEMaJIbHI
YMOBH, 1110 ICHYIOTh Y KOCMOCI.

CydacHi ONTHYHI BOJIOKOHHI MeEpeXl1 MpalioloTh Ha OCHOBI JIa3€pHOr0
BUIPOMIHIOBaHHS, W0 3a0e3neuye IMBUAKY Ta CTaOUIbHY Tmepenaudy iHQopmarii.
BonokoHH1 1a3epu BUKOPUCTOBYIOTHCS AJIA ME€peaadl CUTHAIB Yy II100aJbHUX MEpexax
3B’SI3KYy, LIO JIO3BOJISIE OTPUMYBATHU JOCTYIl JI0 BHUCOKOIIBUAKICHOIO IHTEPHETY Ta
MOOUIBHOTO 3B’SI3KY.

VY giticbko8iti 2any3i na3epy 3aCTOCOBYIOTHCS JJIsl CUCTEM HABEJICHHS, 1aJICKOMIPIB,
3B’SI3Ky Ta HaBiTh 30poi. JIazepHi cuctemMu 03BOJISIOTH TOYHO BU3HAYATH BiJICTaHb 0
)11, @ TAKO)K BUKOPUCTOBYIOTHCSI B OOOPOHHUX TEXHOJIOTISX, 30KpEMa Jisl CTBOPEHHS
POTUPAKETHUX CUCTEM.

Omxe, na3epHi TEXHOJNOTIi MarOTh BEJIWYE3HWHA TOTEHIIall 1 MPOAOBXKYIOThH
posBuBaTHCA. IX 3aCTOCYBaHHS MHOKpallye TOYHICTh BMPOOHMYMX IIPOIECIB, CIIpHSE
PO3BUTKY MEIUIIMHU, HAYKU Ta KOMYHIKaliid. He3Baxkaroun Ha MeBH1 BUKIIMKH, TaKl K
BHCOKa BapTICTh OOJIalHAHHS Ta HEOOXITHICTh JOTPUMAaHHS TMpaBUJl OE3IEKH, JIazepHi

TEXHOJIOT11 3aJIUIIAIOTHCS KIIFOYOBUM €JIEMEHTOM Cy4aCHOr o TEXHIYHOTO Imporpecy.

3*. Research and Presentation:

Conduct research on laser technology, focusing on its applications, challenges,
and future developments. Prepare a well-structured presentation to share your findings
with the class.

Instructions:

1. Research Phase:
o Define laser technology and explain how it works.

o Explore key applications of lasers in industries such as manufacturing,

medicine, telecommunications, and space exploration.
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o ldentify challenges in laser technology, such as safety concerns, material

limitations, and high costs.

o Discuss future advancements and how lasers could evolve in the next

decades.
2. Presentation Structure:
o Slide 1: Title Slide (Topic, Your Name, Date)
o Slide 2-3: Introduction to Laser Technology (Definition, Principles, Types)
o Slide 4-6: Applications (Provide examples with images or diagrams)
o Slide 7-8: Challenges and Solutions
o Slide 9-10: Future Prospects and Innovations
o Slide 11: Conclusion (Key Takeaways)
o Slide 12: References (Sources used in research)

3. Presentation Requirements:

v 10-12 slides using Power Point, Google Slides, or another visual tool.
v Use clear headings, bullet points, and visuals to support your points.
v Keep text concise and focus on key facts.

v Be ready to present for 5-7 minutes and answer questions.
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UNIT III

LASER TECHNOLOGIES AND MICROTECHNOLOGIES

TEXT A

WHAT IS AN INDUSTRIAL LASER AND HOW DOES IT WORK?

1. a) Read and translate the text into Ukrainian using the dictionary. Pay

attention to the underlined words and word combinations.

For a lot of people, lasers are small boxes that shoot red dots, which drive cats crazy.
But in fact, laser systems are used in many manufacturing processes.

Industrial lasers are used to cut metals and fabrics, mark tracking codes for
industrial traceability, weld metals with high precision, clean metal surfaces, change the
surface roughness, and measure part dimensions. They are widely used in several
industries such as the EV and primary metals industries.

There are numerous industrial applications that could benefit from the use of a laser,

which is found in many industries. But before you can decide if a laser machine would be

useful for one of your applications, it might be helpful to have an understanding of the
components of a laser and how they work. Lasers come at different power levels, colors
and beam sizes, but they all rely on the same principles. Here's what an industrial laser is
and how it works.

For now, let's just imagine that a laser is a magic black box with light coming out
of it.

Here are the three properties of that light:

1. Monochromatic
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2. Single Direction
3. Coherent

Laser light is monochromatic, meaning that the color of the beam has a single

specific color. The color of the light is defined by the wavelength of the electromagnetic

waves that it is composed of. The beam can be either visible, infrared or ultraviolet. For

example, a normal incandescent light appears yellowish, but actually emits a mixture of
green, yellow, red, blue and even infrared light. Its wavelength ranges between 400 and
800 nanometers.

On the other hand, a standard industrial red laser (helium-neon, for example) has a
wavelength that ranges between 632.800 to 632.802 nanometers. Common incandescent

light is polychromatic and a helium-neon laser is monochromatic. Monochromaticity is

what makes laser light unique and allows for some of its special applications.

[asers come at The laser beam has a single direction. Its

different power levels, direction is fixed and its beam diameter is small and

colors and beam almost constant over large distances. This

concentration of light is what allows lasers to have

very high power output. High-energy pulsed lasers, with power in the megawatts, are
strong enough to cut through metal.

The beam is also said to be coherent, meaning that all the light rays in the beam are
synchronized. They have the same phase and the same polarity. This coherence also helps
the beam reach its high powers.

Three Components. Here are the three things you need in your laser cavity (the
magic black box) to have a working laser:

1. Gain Medium
2. Energy Source

3. Two Mirrors
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The gain medium is the material you put in your laser cavity. It can be a solid (a
ruby crystal), a liquid (a dye solution) or a gas (a helium-neon mixture). The important
feature is that it emits light in the desired wavelength when excited.

In fiber lasers, the gain medium is an optical fiber doped with a rare-earth element.
Ytterbium-doped fiber lasers, for example, emit a wavelength that is ideal for laser
processing metals.

The energy source is what causes the gain medium to emit light in the laser cavity.
Very often, the energy source is a set of diode lasers which transform electricity into light.

In CO2 lasers however, simple electrical discharges can cause the carbon dioxide
gas to emit light. This happens because by exciting the molecules (using a discharge) the
electrons in the gas reach a higher energy state. However, electrons prefer being in their
lower energy state (the ground state). So, some electrons will spontaneously go back to
that ground state by emitting light to spend their excess energy. In this case, light is
randomly emitted in every direction though spontaneous emissions of light are rare. Both
of these factors are problems for creating lasers. These problems can be solved by using
the third component, the two mirrors.

Laser is an acronym for The mirrors are put on both sides of the laser
Light Amplification by cavity with critical parallel alignment. The mirrors will
Stimulated Fmission bounce the light endlessly creating perfectly

of Radiation perpendicular light rays. The accumulation of light
along the axis of the laser cavity eventually creates a high-power laser beam. This solves
the first problem of creating a coherent laser beam out of randomly emitted light.

The second problem, the rarity of spontaneous emissions, is solved by provoking
stimulated emissions. When light waves pass near excited electrons, these electrons are
stimulated and have a higher probability of going to their ground state thereby emitting
light at the same wavelength, direction and polarization as the one that passed near it.

So now, we have a cavity filled with a gain medium that, when excited by an energy

source, emits light. Two mirrors enable the selection of a specific direction, provoke the
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accumulation of light and stimulate the emission of even more light. So how does the light

come out of the cavity? Well, actually, one of the mirrors isn't perfectly reflective. It let
some of the light through and that’s how the laser beam is created. That beam has special

characteristics that can be used for laser marking, cleaning, cutting or even welding.

You now know the basic principles behind creating lasers. Modern industrial lasers
are optimized using more elaborate techniques to increase their power, precision, and
robustness, but the principles remain the same.

b) Translate the italicized paragraph into Ukrainian (in writing).

c¢) Put 5 questions to the text.

2. Advanced Synonym Exercise:

a) Match the words with their synonyms.

1. Light A. Optical radiation

2. Power B. Gain medium

3. Emit C. Output intensity

4. Beam D. Coherent wavefront

5. Energy E. Specular return

6. Reflection F. Induce

7. Material G. Manufacturing application
8. Precision H. Micron-level accuracy

9. Generate I. Radiate

10. Process J. Excitation source

b) Fill in the blanks with the correct synonym for the word in parentheses.
1. The (light) emitted by the laser is highly monochromatic and coherent.

2. High (power) lasers can penetrate thick metal sheets.
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The beam remains (focused) over long distances due to its coherence.
Industrial lasers use optical fibers to (transmit) light efficiently.
Laser welding provides extreme (precision) in joining materials.

The surface of the material can (absorb) laser energy for processing.
The laser's (intensity) determines the depth of engraving.

Engineers use lasers for (measurement) of complex geometries.

The laser system must be properly aligned to avoid excessive

(reflection).

10.CO: lasers are commonly used to (cut) through non-metallic materials.

c) Select the most appropriate synonym for the underlined word.

1. The beam is concentrated and does not disperse easily.

a) Pulse
b) Wave
c¢) Coherent wavefront
d) Glow

2. The laser processes the material by heating it.

a) Alters

b) Transforms
c) Engraves
d) Ablates

3. High-energy lasers can penetrate metal surfaces.

a) Pierce

b) Absorb
C) Scatter
d) Refine

4. The laser's mirror must be aligned properly for efficiency.

a) Reflective surface
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b) Optical filter
c) Lens
d) Glass
5. Laser systems require extreme accuracy to ensure quality results.
a) Focus
b) Precision
c) Power
d) Speed

3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation

Laser system

Welding

Surface cleaning

Manufacturing processes

Coherence

Light reflection

Optical cavity

Gain medium

Industrial lasers

Emission power

Metal cutting

Directed beam

Engraving

Precision

Industrial application
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Energy source

Molecular excitation

High-energy pulse

Wavelength

Optical fiber

4. Give English equivalents to the meanings of the following words and word

combinations.

JlazepHa cucrema

BucokoenepreTnuyHui

IMITYJIbC

HpOMI/ICJIOBe 34CTOCYBAaHHA

[Tincunroroue cepenoBuIIe

[ToTyxHICTB

BI/Il'[pOMiHI-OBaHH}I

OnTtuuna IIOpPOKHHUHA

BinOurtd cBiTiia

OnTuyHEe BOJOKHO

30y1KEeHHS MOJIEKYII

Bupo6Huui nporecu

JIxepeno eneprii

JloBKWHA XBHITI

Hampasnenwuii mpominb

KoarepeHTHICTB

TouHICTH

OuunieHHs MOBEPXOHb

[Ipomucnosi nazepu
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Po3zpizanns metainy

3BaprOBaHHS

['paBitoBaHHs

5. Match the words with their definitions.

1. Laser system

A. The process of removing contaminants or coatings from

a surface using laser energy.

2. Manufacturing

processes

B. The accuracy and consistency of a laser beam in

industrial processes.

3. Industrial lasers

C. A complete setup that generates, directs, and controls

laser beams for industrial use.

4. Metal cutting

D. A fine-tuned manufacturing method that removes

material from a surface to create markings or designs.

5. Welding

E. The ability of a laser to emit light waves that are

synchronized in phase and direction.

6. Surface cleaning

F. A laser beam that maintains a single trajectory without

dispersing.

7. Engraving G. A category of lasers designed specifically for heavy-
duty material processing and manufacturing.

8. Precision H. The process of cutting materials like steel, aluminum,

or titanium using a high-powered laser.

9. Coherence

I. A controlled process that joins materials by melting

them together with laser energy.

10. Directed beam

J. The set of procedures and techniques used in producing

goods, often involving automation.

6. Choose the correct answer.
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1. What makes laser light different from regular light?
a) It consists of multiple wavelengths.
b) It is polychromatic and incoherent.
¢) It is monochromatic, directional, and coherent.
d) It scatters in all directions.
2. Which component of a laser provides energy to excite the gain medium?
a) Optical fiber
b) Energy source
c) Beam expander
d) Reflection mirror
3. What is the function of the gain medium in a laser system?
a) It amplifies light by stimulated emission.
b) It reflects the laser beam.
¢) It cools down the laser system.
d) It absorbs light instead of emitting it.
4. Which type of laser is commonly used for cutting metals in industrial applications?
a) CO: laser
b) Excimer laser
¢) Ultraviolet laser
d) Dye laser
5. What happens when a laser beam is directed at a metal surface with high energy?
a) The metal absorbs the energy and melts or vaporizes.
b) The metal reflects all the light, preventing any effect.
¢) The laser beam passes through without interaction.
d) The metal changes color permanently but does not heat up.
6. What does “wavelength” determine in a laser?
a) The amount of power the laser emits

d) The color and type of laser light
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¢) The speed at which the laser beam moves
d) The ability of the laser to reflect surfaces
7. What property of laser light ensures that the beam stays narrow over long distances?
a) Divergence
b) Coherence
c) Dispersion
d) Absorption
8. Which laser characteristic is responsible for high precision in industrial applications?
a) Random emission of light
b) Low energy output
c) Directionality and coherence
d) Large beam divergence
9. Why do CO: lasers work well for cutting non-metal materials like plastics and wood?
a) Their wavelength is well absorbed by these materials.
b) They emit ultraviolet light that reacts with the materials.
c) They have low power and cannot cut metals.
d) Their beam is highly divergent.

10. In laser welding, what is the primary advantage of using a laser compared to traditional

welding methods?
a) Lasers generate less heat and are safer.
b) Laser welding is slower but more stable.
c) Lasers provide precise, deep penetration with minimal distortion.

d) Laser welding works only on thin materials.

7. Write T (True) or F (False) for each statement.

1. Lasers emit light that is polychromatic and incoherent.
2. The gain medium in a laser system is responsible for amplifying light.
3. Laser cutting is only used for metals and cannot be applied to non-metal materials.
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4. Coherence ensures that laser waves are synchronized in phase and direction.
5. __ Optical fibers are used to transmit laser beams over long distances with minimal

energy loss.

6.  All industrial lasers use gas as a gain medium.
7. High-energy pulsed lasers can be used for cleaning surfaces and removing coatings.
8. Reflection does not affect laser systems and has no role in their operation.

9.  Wavelength determines the color and absorption properties of laser light.

10.  Laser welding is less precise than traditional welding methods.

8. Translate the following sentences into Ukrainian.

1. Industrial lasers are widely used in various manufacturing industries for cutting,
welding, engraving, and marking materials with extremely high precision and efficiency.

2. The gain medium inside a laser system, which can be a gas, solid, or liquid, plays a
crucial role in amplifying light by emitting photons through the process of stimulated
emission when excited by an external energy source.

3. Coherent laser beams, unlike regular light sources, maintain their phase, direction,
and focus over long distances, which makes them highly effective for industrial
applications such as laser cutting, medical surgeries, and optical communication.

4. Optical fibers, made of flexible and transparent glass or plastic, are specifically
designed to transmit laser light over long distances with minimal energy loss, ensuring
efficient power delivery in telecommunications, medical treatments, and laser machining.

5. High-energy pulsed lasers, which generate short but extremely intense bursts of
light, are commonly used in industrial cleaning processes to remove rust, paint, and

contaminants from metal surfaces without causing any damage to the underlying material.

9. Translate the following sentences into English.
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1. IIpoMucioBi jlazepyu MHUPOKO BUKOPUCTOBYIOTHCS y BUPOOHMITBI JJIsl pi3aHHS,
3BapIOBaHHS, I'PaBilOBaHHSA Ta MAapKyBaHHs MarepiajiiB 3 HAaA3BUYAMHOIO TOYHICTIO Ta
e(peKTUBHICTIO.

2. IlincumoBalibHE CEPENOBUIIE BCEPENMHI JIA3epHOI CUCTEMH, fKE MOXe OyTH
ra3onoAiOHUM, TBEPIAUM a00 PIAKUM, BIIIrPA€E KIOUOBY POJib Y MOCUIIEHHI CBITJIA LUISIXOM
BUIIPOMIHIOBaHHS (POTOHIB MiJ A1€I0 CTUMYIOBAHOTO BUIIPOMIHIOBAHHS.

3. KorepenTHi nazepHi NpoMeHI, Ha BIIMIHY BiJl 3BHYAMHUX JKEpen CBITja,
30epiratoTh CBOIO a3y, HAMPsIMOK 1 (DOKYCYBaHHSI HA BEJIMKUX BIJICTAHSX, 1110 POOUTH X
iIealbHUMU I TIPOMUCIIOBUX 3aCTOCYBaHb, TaKWX SIK JIa3epHE pi3aHHA, MEAMYHI
ormeparlii Ta ONTUYHUHN 3B’ A30K.

4. OnTuYHi BOJOKHA, BUTOTOBJICHI 3 THYYKOTO Ta MPO30POro CKia abo IJIACTHKY,
CHieliaibHO pO3poOJIeH] [Jis TMepenadl Jia3epHOro CBITIIA Ha BEIWKI BIJACTaHI 3
MIHIMaJbHUMU BTpaTamMu €Heprii, 3abe3nedyoun €(peKTUBHY Mepenady MOTYKHOCTI Y
TEJCKOMYHIKaIlisIX, MEIMYHUX TIPoIieaypax 1 JiazepHiii oOpoOiri.

5. BucokoeHepreTnuHi iMIyJIbCHI JIa3epH, SKi CTBOPIOIOTH KOPOTKI, ajie HaJ3BUYANHO
IHTEHCHBHI Cllajlaxy CBITJIA, HIMPOKO 3aCTOCOBYIOTHCSI Y IPOMHUCIOBOMY OYMILEHHI IS
BUJIAJICHHs 1pKi, (apOu Ta 3a0pynHEHb 3 METaJeBUX IOBEPXOHBL 0€3 MOIIKOMKCHHS

OCHOBHOT'O Marepiaiy.

10. Answer the questions to the text.
. What are some industrial applications of laser systems?
. What are the three key properties of laser light?
. How does the wavelength of a laser affect its color and application?
. What role do mirrors play inside a laser system?
. What is the function of the gain medium in a laser?
. How does the energy source contribute to laser operation?

. What is the difference between polychromatic and monochromatic light?
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. Why is coherence an important property of laser light?
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9. How do high-energy pulsed lasers achieve metal cutting?

10. What makes fiber lasers different from CO- lasers?

11. Write a short summary of the text (See the scheme in the Information File

(Ex. 11, P. 18) and be ready to present it.

12*. Creative Writing «The Secret Life of a Laser Beam»

Imagine that you are a laser beam, created inside a high-tech industrial machine. From
the moment you are emitted through the tiny opening of the optical cavity, your journey
begins. You travel at the speed of light, slicing through metal, engraving intricate designs,
or welding pieces together with incredible precision.

But what if lasers had thoughts? What if they had emotions? What would it feel like to
be the sharpest, most precise tool in the factory? Would you enjoy cutting through steel,
or would you long for a different purpose, like creating stunning light shows?

Write a story from the perspective of a laser beam as it moves through different

industrial applications.

SPEAKING

1. A Comprehensive Discussion & Guidelines
Hold a debate on «Industrial applications of lasersy. Work in small groups.
1. The Role of Lasers in Modern Manufacturing
o How have industrial lasers changed the manufacturing industry?
o What are the advantages of laser cutting compared to traditional cutting methods?
« What industries benefit the most from laser technology?
2. The Science Behind Laser Technology
« How does the coherence of laser light make it different from regular light?

o Why is monochromatic light important in laser applications?
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o How do different types of lasers (CO-, fiber, solid-state) compare in terms of
efficiency?
3. Future Innovations in Laser Technology

o How could lasers improve medical treatments and surgeries in the future?

o Could lasers replace traditional energy sources for industrial applications?

o What are the potential risks and ethical concerns of using high-powered lasers?
4. Lasers and Environmental Sustainability

« Are lasers more energy-efficient than traditional industrial tools?

« How can laser technology contribute to sustainable manufacturing?

o Could laser-based recycling systems help reduce industrial waste?
5. The Ethical and Safety Considerations of Laser Use

o What safety measures should be taken when working with industrial lasers?

« Should there be stricter regulations on laser technology to prevent misuse?

« How can laser technology be used responsibly in defense and military applications?

2. Translate the following text into English.
a) Express the main idea of the text in one sentence.

b) Write a short summary of the text in English.

InoycmpianvHe 3acmocysanns n1azepia

CydacHi MPOMHUCIIOBI JIa3epH BIAITPalOTh KIIOUOBY POJIb y BUPOOHHUMX MPOIEcaXx,
3a0e3mneuyroun BUCOKY TOYHICTh, €(EKTHUBHICTh Ta MIBUIKICTH OOpOOKM Marepiais.
3aBISKU CBOIM YHIKaJdbHUM BIACTUBOCTSAM — MOHOXPOMATHYHOCTi, KOT€PEHTHOCTI Ta
HAIPABICHOCTI — JIa3€pPHE BUMPOMIHIOBAHHS IIMPOKO 3aCTOCOBYETHCS B PI3HHUX TaTy3sX
MIPOMUCIIOBOCTI.

1. JlazepHe pizanHs Ta TpaBitoBaHHA. OpHi€el0 3 HaWnmomupeHimMx cdep
BUKOPHCTAHHS JIA3€PiB € pi3aHHS METaB, IJIACTHKY, CKJIa Ta IHIKX Marepiamis. JlazepHi

pi3aJibHI YCTAHOBKHU JI03BOJISIIOTH OTPUMATH BHCOKOTOYHI PO3pi3U 3 MIHIMAJIbHUMHU
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BIJIXO/IaMHM, 1110 POOUTH iX HE3aMIHHMMH B aBTOMOOUIbHIN, aBlal[liHIA Ta €JIEKTPOHHIM
POMUCIIOBOCTI. JIazepHe rpaBitoOBaHHSA, Y CBOIO YePTy, BAKOPUCTOBYETHCS IS HAHECCHHS
CepIHUX HOMEPIB, JIOTOTUIIIB Ta IHIIMX MTO3HAYEHb HA MPOIYKLIIO.

2. JlazepHe 3BaptoBaHHs. JlazepHe 3BaproBaHHs 3a0e3neuye MIHMOOKE MPOHUKHEHHS
Teryia Ta MiHIMaJIbHY JiehopMalliro MaTrepialiB, 0 0COOJIMBO BaXKJIMBO JJIsI aBlalliifHOT Ta
MEIUYHOI TeXHIKH. BUKOpHCTaHHS Ja3epiB J03BOJSE€ CTBOPIOBATH MILHI Ta aKypaTHi
3BapHI IIBU HABITh Y BAXKKOJOCTYITHUX MICIISIX.

3. OuunieHHs NOBEPXOHb JiazepoM. JlazepHi CUCTEMU BHUKOPUCTOBYIOTHCS JIJISt
BUJAJICHHS 1pXKi, papOu, OKCUIHUX IIAPIB Ta IHIIUX 3a0pYIHEHb 3 METaJIEBUX MIOBEPXOHb.
Takuii MeToJ € €KOJOTTYHO YMCTHM, OCKUIBKM HE NMOTpeOy€e BUKOPUCTAHHS XIMIYHUX
peareHTiB a00 abpa3uBHUX MarepiaiiB.

4. BumiproBaHHs Ta KOHTPOJIb SIKOCTi. JIa3epHi ceHCOpH Ta ONTHYHI CHCTEMHU aKTHBHO
3aCTOCOBYIOTHCS ISl KOHTPOJIIO SKOCTI MPOIYKIIii, BUMIPIOBAHHS pPO3MIpIB AeTanei Ta
BUsBIICHHS nedekTiB. JlazepHa inTepdepomMeTpiss T03BOJISE€ MPOBOAUTH BUMIPIOBAHHS 3
HAHOMETPUYHOIO TOYHICTIO, IO € KPUTUYHO BAXKIMUBUM Yy MIKPOEIEKTPOHIIl Ta
peIu3iiHIN 1HXeHepii.

5. Buxopucransns nazepiB y 3D-npyky. JIazepu BUKOPHUCTOBYIOTECS y TexHOJOT11X 3D-
IPYKY, TaKUX K CEJICKTUBHE Ja3epHe IUIaBJICHHS Ta CENEKTUBHE JlazepHe crikanHs. L{i
METOJI J03BOJISIIOTH CTBOPIOBATH JI€Talll 3 METAJIIB Ta MOJIIMEPIB 13 BUCOKOIO TOYHICTIO,
[0 aKTHMBHO 3aCTOCOBYEThCS B aBiaOyayBaHHI, MEIUIIMHI Ta BHPOOHUIITBI CKJIATHUX
MEXaHI3MIB.

OTxe, Na3epHi TEXHOJOTIi BIIKPUBAIOTh HOBI MOMKJIMBOCTI JJISI MPOMHCIOBOCTI,
JI03BOJISIIOUM aBTOMATH3yBaTH MPOLIECH, MIABUILYBAaTH SKICTh MPOAYKIIT Ta 3MEHIIyBaTH
BUPOOHMYI BUTPATU. 3aBIASKA TIOCTIHHOMY PpO3BHUTKY JIa3€pHUX CHCTEM iXHE
3aCTOCYBaHHS y MPOMUCIOBOCTI MPOJOBKYE 3POCTATH, POOJITUYM BHUPOOHWYI MPOIECU

O1bI e(DEKTUBHUMU Ta €KOJIOTIYHO OE3MECUHUMH.

3*. Research and Presentation «Industrial Laser Applications»
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Conduct research on the use of industrial lasers in modern manufacturing and

present your findings in a well-structured presentation.

Instructions:

1. Choose a Specific Area of Laser Application

o

o

o

o

o

Laser cutting (metals, plastics, or other materials)
Laser welding in the automotive or aerospace industry
Laser engraving and marking for industrial traceability
Laser cleaning for surface preparation and rust removal

Laser-based measurement and quality control

2. Conduct Research

o

o

Use reliable sources such as academic articles, industry reports, and
manufacturer websites.

Identify key advantages, challenges, and real-world applications of the
chosen laser technology.

Find examples of companies or industries using this technology.

3. Prepare a Presentation (8-10 Slides)

o

o

o

o

o

Slide 1: Title and your name

Slide 2: Introduction to industrial lasers

Slide 3-5: Explanation of the chosen laser application, including technical
details

Slide 6: Advantages and limitations of the technology

Slide 7: Real-world examples (companies, industries, case studies)

Slide 8: Conclusion and future trends

Slide 9 (optional): References

4. Present Your Findings

o

o

e}

Prepare to present for 5-7 minutes.

Use visuals, diagrams, or short videos to support your points.

Be ready to answer questions from your audience.
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TEXT B

PHOTON ENGINEERING IN MEDICAL EQUIPMENT

1. a) Read and translate the text into Ukrainian using the dictionary. Pay

attention to the underlined words and word combinations.

Photon engineering plays a key role in modern medical technology. It involves the

study and application of light and electromagnetic waves to create advanced medical

devices. These technologies help doctors diagnose diseases, perform surgeries, and

develop new treatments.

Composition
Statistics
Family
Interactions
Symbol

Theorized

Mass

Mean lifetime

Electric charge

Color charge
Spin

Spin states
Parity

C parity
Condensed

Photon

Elementary particle

Bosonic

Gauge boson

Electromagnetic, weak (and gravity)
Y

Albert Einstein (1905)

The name "photon” is generally
attributed to Gilbert N. Lewis (1926)

0 (theoretical value)
< 1 x 10718 eV/c? (experimental limit)!"]

Stablell

0
<1 x10733 gl]
No

1A

+1 A, -1h

—401]

—401]

I(J7 €y=0,1(17")1

Photons are particles of light that
move at high speed. They can be absorbed,

reflected, or transmitted through different

materials. Engineers use these properties to
design medical devices that interact with the
human body in non-invasive and precise
ways.

A photon (from Ancient Greek ¢dg,
pw10¢ (phos, photos) 'light") 1s an elementary
that is a quantum of the

field,

particle

electromagnetic including

electromagnetic radiation such as light and

radio waves, and the force carrier for the

electromagnetic force. Photons are massless particles that can move no faster than the

speed of light measured in vacuum. The photon belongs to the class of boson particles.

The photon has no electric charge, it is generally considered to have zero rest mass

and is a stable particle. In a vacuum, a photon has two possible polarization states. The
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photon is the gauge boson for electromagnetism, and therefore all other quantum numbers
of the photon (such as lepton number, baryon number, and flavour quantum numbers) are
zZero.
Photons are fundamental subatomic particles that carry the electromagnetic force —
or, in simpler terms, they are light particles (and so much more). The photon is also the
"quantum, " or fundamental unit, of electromagnetic radiation. Everyone is surrounded by
photons: The light coming from the screen you're viewing is composed of photons, the X-
rays doctor use to see bones are made of photons, the radio in a car receives its signal
from photons, and the magnets on a fridge use photons to hold themselves up.

Like all other subatomic particles, photons exhibit wave-particle duality, meaning

that sometimes they behave as tiny particles and sometimes they act as waves. Photons
are massless, allowing them to travel at the speed of light in a vacuum (299,792,458 meters
per second) and can travel an infinite distance.

Although physicists have studied the nature of light for centuries, arguments went
back and forth as to whether light was made of tiny particles or was wave-like in nature.
In the late 1800s, however, the pioneering work of German physicist Max Planck changed
the entire picture.

Planck was studying something called blackbody radiation, or light from a special
device that emitted light at all frequencies as efficiently as possible. Until Planck, nobody
could explain the spectrum of light coming from these devices, so Planck added a "fix" to
the equations. By assuming that light could be emitted only in discrete chunks of energy,
known as quanta, he was able to develop a formula that perfectly explained the blackbody

spectra, according to Hyper Physics.

Photons are emitted in many natural processes. For example, when a charge is
accelerated it emits synchrotron radiation. During a molecular, atomic or nuclear
transition to a lower energy level, photons of various energy will be emitted, ranging from
radio waves to gamma rays. Photons can also be emitted when a particle and its

corresponding antiparticle are annihilated (for example, electron—positron annihilation)
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There are different types of photons based on their energy levels.

Infrared photons are used in thermal imaging and medical lasers, visible light

photons — in endoscopy and microscopy, ultraviolet photons are used for sterilization and

skin treatments, X-ray and gamma-ray photons — for imaging and cancer treatment.

Medical Imaging Technologies. Photon-based imaging helps doctors see inside

the body without surgery. Some common imaging devices include:

X-ray Machines send high-energy photons through the body to create images of
bones and organs.

Computed Tomography (CT scans) takes multiple X-ray images and combines them
into a 3D model of the body.

Magnetic Resonance Imaging (MRI) uses electromagnetic radiation to produce
detailed images of soft tissues and the brain.

Optical Coherence Tomography (OCT) is a laser-based imaging technique used in
ophthalmology to examine the retina.

Laser Technologies in Medicine. Lasers generate focused beams of photons. They

are used in various medical applications:

Laser surgery helps in precise cutting of tissues, reducing damage and improving
healing.

LASIK eye surgery — A laser reshapes the cornea to correct vision problems.

Laser skin treatments is used for removing scars, wrinkles, and tattoos.
Photodynamic Therapy (PDT) uses laser light and special drugs to destroy cancer
cells.

Therapeutic and Diagnostic Applications. Photon engineering is also used in

non-invasive therapies and diagnostic tools:

Endoscopy — A flexible tube with a light and camera is inserted into the body to
examine internal organs.
Infrared Thermography detects temperature differences in the body to identify

inflammation or circulation problems.
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e Radiotherapy uses high-energy photons (gamma rays or X-rays) to destroy cancer
cells.

Future of Photon Engineering in Medicine. Photonics continues to revolutionize

medicine. Future advancements may include:

o Advanced laser therapies — More precise and less invasive treatments for cancer
and other diseases.

o Biophotonics is the study of how light interacts with biological tissues, leading to
better diagnostic tools.

« Nanophotonics is using tiny optical devices to detect diseases at an early stage.

As technology improves, photon engineering will help create safer, faster, and more
efficient medical equipment. Engineers working in this field need knowledge of physics,
optics, and biomedical engineering to design the next generation of medical technologies.

b) Translate the italicized paragraph into Ukrainian (in writing).

¢) Put 5 questions to the text.

2. Advanced Synonym Exercise:

a) Match the words with their synonyms.

1. Innovate A) Essential
2. Significant B) Exact

3. Illustrate C) Modify
4. Adapt D) Show

5. Crucial E) Improve
6. Enhance F) Discover
7. Accurate G) Important
8. Conduct H) Carry out
9. Determine I) Develop
10. Identify J) Establish
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b) Rewrite each sentence using a synonym for the bold word.
1. The project was successful due to teamwork.
— The project was due to teamwork.
2. The new machine is efficient and saves energy.
— The new machine is and saves energy.
3. The professor explained the concept clearly.
— The professor the concept clearly.
4. The results were unexpected but useful.
— The results were but useful.
5. Scientists must analyze the data carefully.
— Scientists must the data carefully.
6. The research had a profound impact on medical technology.
— The research had a impact on medical technology.
7. Engineers must adhere to safety regulations.
— Engineers must safety regulations.
8. The scientist made a precise calculation.
— The scientist made an calculation.
9. The experiment demonstrated the effectiveness of the new treatment.
— The experiment the effectiveness of the new treatment.
10.The company aims to develop innovative medical devices.

— The company aims to innovative medical devices.

¢) Choose the synonym that best matches the word in bold.
1. The scientist made a precise measurement.

a) Rough

b) Accurate

c¢) Estimated
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2. The new technology will enhance patient recovery.
a) Improve
b) Delay
¢) Reduce
3. Engineers must adhere to safety protocols.
a) Follow
b) Ignore
c¢) Oppose
4. The research had a profound effect on medicine.
a) Weak
b) Significant
¢) Minor
5. The professor illustrated the concept with examples.
a) Explained
b) Confused
¢) Removed
6. The results were unexpected but useful.
a) Predictable
b) Surprising
c) Obvious
7. The company aims to develop new medical devices.
a) Destroy
b) Improve
c) Create
8. The scientist needed to analyze the data carefully.
a) Examine
b) Ignore

c) Forget
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9. The experiment demonstrated the effectiveness of the drug.
a) Proved
b) Questioned
¢) Denied
10. The team conducted several tests before publishing the results.
a) Performed
b) Avoided
c) Stopped

3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation

Innovation

Implementation

Optimization

Evaluation

Validation

Hypothesis

Simulation

Algorithm

Data acquisition

Experimental design

Feasibility study

Computational analysis

Error margin

Correlation coefficient

Statistical significance
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Conceptual framework

Theoretical model

Biomedical engineering

Photon interaction

Quantum mechanics

4. Match the words with their definitions.

[E—

. Quantum mechanics —

the application of engineering principles to medicine

2. Photon interaction —

a system of ideas that helps structure research

3. Theoretical model —

a statistical measure that describes the relationship

between two variables

. Biomedical engineering —

the process of collecting and measuring information

. Conceptual framework —

the branch of physics that studies subatomic particles

. Correlation coefficient —

how light particles interact with different materials

. Error margin —

the plan for conducting a scientific study

ol I N | B~

. Computational analysis —

a simplified version of reality used to explain complex

systems

9. Experimental design —

an assessment of how practical or possible a project is

10. Feasibility study —

using computers to process and analyze data

11. Data acquisition —

the amount of uncertainty in a measurement or result

12. Algorithm —

a step-by-step procedure for solving a problem

13. Simulation —

improving something to make it as effective as possible

14. Hypothesis —

assessing or analyzing the quality or performance of

something

15. Validation —

putting a plan or system into action

16. Evaluation —

a model or experiment that replicates real-world

conditions
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17. Optimization — a proposed explanation that can be tested through

research
18. Implementation — the process of creating new ideas or technologies
19. Innovation — confirming that something meets the required standards

20. Statistical significance — | the probability that a result is not due to chance

5. Give English equivalents to the meanings of the following words and word

combinations.

dortoun

EnexrpomartiTHe nose

OnTuyHa KorepeHTHa ToMorpadis

Jlazepna xipypris

PenTreHiBchke BUNPOMIHIOBAHHS

Komm’rorepua Tomorpadist

MarsiTHO-pe30HaHCHa ToMorpadis

["amma-ipomeHi

[HdpadepBOHE BUTPOMIHIOBAHHS

doronuHAMIYHA Teparis

OnTu4Hi BOJIOKHA

Exmockomis

JlazepHa abmsiis

KorepenTHe BUTIPOMIHIOBaHHS

Crnexrpockomis

doToHHA IETEKIIA

Tepmorpadis

biodoTonika

KBanToBa onrtuka
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Paniorepanis

6. Choose the correct answer.
1. What type of photons are used in X-ray imaging?
a) Infrared photons
b) Visible light photons
c) X-ray photons
2. Which technology uses a strong magnetic field to create images of the body?
a) CT scan
b) MRI
c) X-ray
3. What is the main function of laser surgery?
a) To generate heat for thermal imaging
b) To precisely cut or remove tissues
c¢) To capture images of internal organs
4. What is the primary benefit of endoscopy?
a) It uses radiation to scan the body
b) It allows non-invasive internal examination
c) It provides high-energy treatment for cancer
5. What is photodynamic therapy (PDT) used for?
a) Destroying cancer cells using light-sensitive drugs and lasers
b) Generating high-energy X-rays
c¢) Producing 3D images of organs
6. What type of radiation is used in radiotherapy to treat cancer?
a) Microwaves
b) Gamma rays
c¢) Ultraviolet rays

7. Which of the following is not a characteristic of a photon?
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a) It has no mass
b) It carries electromagnetic energy
c¢) It moves slower than the speed of light
8. What is the main use of infrared thermography?
a) To measure temperature differences in the body
b) To produce high-resolution 3D images
c¢) To detect fractures in bones
9. Which of these is a non-invasive medical imaging technique?
a) Laser surgery
b) MRI
c¢) Photodynamic therapy
10. Which of the following best describes photon engineering?
a) The study of electrical circuits in medical devices
b) The application of light and electromagnetic waves in medical technology

c¢) The development of mechanical prosthetics

7. Translate the following sentences into Ukrainian.

1. Photon engineering plays a crucial role in modern medical equipment, as it
enables the development of advanced imaging and treatment technologies that help
doctors accurately diagnose and effectively treat various diseases.

2. X-ray machines use high-energy photons that can pass through soft tissues but
are absorbed by denser materials like bones, allowing doctors to create detailed images of
the skeletal system and detect fractures or internal abnormalities.

3. Laser surgery, which is based on photon technology, allows doctors to perform
highly precise and minimally invasive medical procedures, reducing damage to
surrounding tissues and leading to faster recovery times for patients.

4. Optical coherence tomography (OCT) is a laser-based imaging technique that

uses low-coherence light to create detailed cross-sectional images of biological tissues,
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particularly in ophthalmology, where it helps doctors examine the retina and diagnose eye
diseases.

5. In radiotherapy, high-energy photons, such as gamma rays or X-rays, are directed
at cancerous cells to destroy them while minimizing harm to surrounding healthy tissues,

making it one of the most effective treatments for various types of cancer.

8. Write T (True) or F (False) for each statement.

1. Photon engineering is only used in medical imaging and not in treatments.

2. X-ray machines use high-energy photons to create images of bones and
organs.

3. Lasers in medicine are only used for cutting tissues and cannot be used for

other treatments.

4. Optical coherence tomography (OCT) is a laser-based imaging technique
commonly used in ophthalmology.

5. Radiotherapy uses high-energy photons, such as gamma rays, to destroy

cancer cells.

6.  Infrared thermography is a technique used to detect temperature differences
in the body.

7. Photons travel slower than sound waves in air.

8. MRI (Magnetic Resonance Imaging) works by using electromagnetic waves

instead of X-rays.

9. Photodynamic therapy (PDT) uses light-sensitive drugs and laser light to treat
cancer.

10.  Endoscopy uses visible light and optical fibers to examine internal organs

without surgery.

9. Translate the following sentences into English.
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1. ®doroHHa IHXEHEpid BIAIIPA€ BAXKIUBY pPOJIb Y CYYaCHOMY MEAHUYHOMY
oOnajiHaHHI, 3a0€3Me4yI04uH TOUHY J1arHOCTUKY Ta €(PEeKTUBHE JIKyBaHHS 3aXBOPIOBAHb.

2. PeHTreHiBChbKI amapaTd BUKOPUCTOBYIOTh BHUCOKOCHEPreTHYH1 (POTOHH, SKi
MIPOHUKAIOTH Yepe3 M’ iK1 TKAHUHU, ajie MONIMHAIOTHCS KICTKaMU, 110 T03BOJISIE OTPUMATH
JeTajabH1 300paXKeHHsI CKeleTa.

3. JlazepHa Xipypris, 3aCHOBaHa Ha TE€XHOJIOT1i (OTOHIB, JJa€ 3MOTY BUKOHYBAaTH
orepalii 3 BUCOKOIO TOYHICTIO Ta MIHIMQJIbHUM MOUIKOPKEHHSIM HABKOJUIIHIX TKaHHH,
IO CIIPUSIE MIBUIKOMY 3arO€HHIO.

4. Ontrnuna korepertHa ToMmorpadis (OKT) € mepenoBum mMeTonom Bizyasizaiiii,
SAKUW BUKOPUCTOBYE JIa3€pHE CBITJIO ISl CTBOPEHHS JI€TaJIbHUX 300pa’keHb BHYTPIIIHIX
CTPYKTYp OKa.

5. IIpomeHeBa Teparrisi 3aCTOCOBYE BUCOKOCHEPTreTUYHI (DOTOHH, TaKl SIK ramma-
npoMeHi a00 pEHTreHIBChbKE BUIIPOMIHIOBAHHSA JUIS 3HUIIEHHS PAKOBUX KJIITHH,

MIHIMI3YIOYH TIPU IbOMY TOITKOKEHHSI 3JI0POBUX TKAHHH.

10. Answer the questions to the text.

1. What is photon engineering, and why is it important in medical equipment?

2. How do X-ray machines use photons to create medical images?

3. What is the role of lasers in medical treatments such as surgery and vision
correction?

4. How does Optical Coherence Tomography (OCT) help in ophthalmology?

5. What types of photons are used in medical imaging and treatments?

6. How does radiotherapy use high-energy photons to treat cancer?

7. What are the advantages of using laser technology in medical procedures?

8. What is the difference between MRI and CT scans in terms of photon usage?

9. How does photodynamic therapy (PDT) work in treating cancer?

10. Why is photon engineering expected to play a bigger role in the future of

medicine?
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11. Write a short summary of the text (See the scheme in the Information File

(Ex. 11, P. 18) and be ready to present it.

12*. Creative Writing ""A Doctor from the Future: Healing with Light"

Imagine you wake up 2150, where medicine has advanced beyond what we know
today. Doctors no longer use scalpels or traditional medicines, they heal people using pure
light energy.

In this future, hospitals are equipped with photon-based technology that can scan a
patient instantly, repair damaged tissues with laser precision, and even regrow organs
using biophotonic regeneration. Instead of painful treatments, diseases are cured by
adjusting the body's light frequency.

Write a story about a young doctor who is training to use this new technology. One
day, they face a mysterious disease that no known photon treatment can cure. How will
they solve this problem? Will they need to invent a new technology or discover an ancient
secret about light and healing?

Let your imagination guide you — describe futuristic hospitals, the feeling of using

healing light, and the emotions of a doctor trying to save a life in this high-tech world!

SPEAKING

1. A Comprehensive Discussion & Guidelines
Hold a debate on the following discussion points. Work in small groups.
1. Introduction to Photon Engineering in Medicine
« Definition and importance of photon engineering
« How light and electromagnetic waves are used in medical devices
o The role of photons in diagnostics and treatment
2. Medical Imaging Technologies

« X-ray imaging: principles, advantages, and risks
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o CT (Computed Tomography) scans and their applications
o MRI (Magnetic Resonance Imaging) and how it differs from X-ray technology
« Optical Coherence Tomography (OCT) in ophthalmology
o Infrared thermography for detecting temperature changes in the body
3. Laser Applications in Medicine
o Laser surgery: benefits and common procedures (e.g., LASIK, tumor removal)
o Photodynamic therapy (PDT) for cancer treatment
« Laser skin treatments (scar removal, tattoo removal)
o The safety and precision of medical lasers
4. Radiotherapy and Cancer Treatment
o How gamma rays and X-rays destroy cancer cells
« The balance between killing cancer cells and protecting healthy tissue
« Innovations in radiotherapy for better accuracy and fewer side effects
5. Emerging Technologies in Photon Engineering
« Biophotonics: using light to study and manipulate biological tissues
« Nanophotonics: ultra-small optical devices for early disease detection
« Future advancements in non-invasive photon-based treatments
6. Ethical and Safety Considerations
« Risks of radiation exposure and how to minimize them
o The importance of regulations in medical photon technology
« Ethical concerns in laser treatments and patient consent
7. Practical Guidelines for Professionals
« Best practices in handling photon-based medical equipment
« Safety protocols for using X-ray, MRI, and laser technology
o Training requirements for medical engineers and doctors in photon-based medicine
8. Conclusion and Future Perspectives
o The growing role of photon engineering in medicine

o How new research may change medical treatments in the next decade
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o Challenges and potential breakthroughs in the field

2. Translate the following text into English.
a) Express the main idea of the text in one sentence.

b) Write a short summary of the text in English.

3HayeHHs1 (POTOHHOI iIH)KeHepil B MeIUIUHI

®oTOHHA TH)KEHEPIsl € BAXKIIMBOIO TaTy33i0 Cy4acHOi MEIUIIMHH, IO BHKOPUCTOBYE
BJIACTUBOCTI CBITJa Ta EJIEKTPOMArHiTHOTO BUIPOMIHIOBAHHS [l JI1arHOCTHUKH,
JIKYBaHHS Ta JMOCHIJPKEHb. 3aBASKH 11 TEXHOJOTIi JIiKapi OTPUMYIOTh JOCTYI JO
BHUCOKOTOYHUX METOAIB Bi3yalli3allii BHYTPIIIHIX OPTraHiB, 0€3KOHTAKTHOTO XIPyprid4HOTO
BTPYYaHHS Ta IHHOBAI[IHHUX TEPANCBTUYHHUX MTPOLICTYP.

OpHuM 13 HAWNOIIMPEHINIUX 3aCTOCYBaHb (DOTOHHOI I1HXKEHEpii € MeauvHa
Bisyasizauis. PeHTreHiBchbki 3HiIMKH, Komm torepHa Tomorpadis (KT) ta marniTHO-
pe3onancHa Tomorpadist (MPT) 103BONSIIOTE JTiKapsiM OTPUMYBATH JI€TaJIbHI 300paKEHHS
OpraHiB 1 TKaHMH 0€3 TOTPeOW y BIAKPUTUX XIPypriyHUX BTpydaHHsAX. OmNTUYHA
korepentHa ToMorpadis (OKT) mupoko BUKOPUCTOBYETHCS B OQTaIbMOJOTIT IS
JIarHOCTUKH 3aXBOPIOBaHb CITKIBKH, a iH(pauepBoHa TepMorpadist 1ornoMarae BUSBISTH
MOPYIIEHHS KPOBOOOITY Ta 3amajibHi MPOIECH.

Takox ¢oToHHA IHXKEHEPIs Biirpae BaXXJIMBY POjb Y Xipyprii Ta Tepamii. JIazepHa
Xipypris 3a0e3neuye BUCOKY TOYHICTh NMPU MPOBEACHHI OMEpaiiii Ha odvax, MIKipi Ta
BHYTPIIIHIX OpraHax, 3MEHIIYIOYH KPOBOBTPATH Ta CKOPOYYIOUM TEPiOA BIAHOBICHHS
naiieHTiB. Y  dotommHamivHiii  Tepamii (®UAT) ¢oroHHe BHUMpPOMiHIOBaHHS
BUKOPHCTOBYETbCS IS AKTUBAIll CHEIialbHUX TMpenapariB, M0 3HUIYIOTh PaKOBi
KITITUHU.

[Ile omHicro BaxIMBOK C(HEpor0 € NMpPOMEHeBa Tepamisl, SKa BHKOPHUCTOBYE

BHUCOKOCHEpPreTHYH1 (POTOHHM 1711 OOpOTHOM 31 3JMOSKICHUMH TYXJIHHAMHU. 3aBISKU
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CyYaCHMM TEXHOJIOTIIM paJiioTeparnisi cTaja OUIbIl TOYHOIO, IO JI03BOJISIE€ MIHIMI3yBaTU
MOIIKO/KEHHS 30POBUX TKAHUH Ta MIABUIIUTH €(PEKTUBHICTD JIIKYBaHHSI PaKy.

MaiibyTHe (POTOHHOT 1HKEHEpli B MEAUIIMHI OB’ s13aHE 3 PO3BUTKOM 0i0(poTOHIKHM
Ta HAHO(MOTOHIKM, SIKI JO3BOJIAIOTH PO3POOJISTH HOBI METOIM JIATHOCTUKY Ta JIIKYBaHHS
Ha MOJIEKYJISIpHOMY piBH1. OUiKy€ThCsI, IO 111 TEXHOJIOT1i IOMOMOXKYTh BUSIBIIATH XBOPOOU
Ha paHHIX CTaJifaX, MOKpAIlaTh MOXKIMBOCTI MEPCOHATI30BAHOI MEIULIMHUA Ta 3POOJISIThH
JKyBaHHS 1€ OUTbII O€3MeYHUM 1 €(hEKTUBHUM.

Taxum ynHOM, OTOHHA 1HXKEHEPIS € HEB1/I’ EMHOIO YACTUHOIO Cy4acHOT MEAUIINHH,
IO CTIpUsi€ PO3BUTKY O€3MEUHUX, TOUHUX 1 MAJIOTPABMATUYHUX METOAIB JIarHOCTHKHU Ta

JKYyBaHHS, MOKPAIYIOUYH SIKICTh KUTTS MAII€HTIB.

3*. Research and Presentation «The Role of Photon Engineering in Medical
Imaging»
Create a comparison chart of different medical imaging techniques, showing how

they use photons differently. Follow the key points below.

How X-rays, CT scans, and MRI work.

Differences between imaging technologies.

Advantages and risks of photon-based imaging.

Future advancements in medical imaging.
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UNIT IV

INFORMATION-MEASURING SYSTEMS

Text A

1. a) Read and translate the text into Ukrainian using the dictionary. Pay

attention to the underlined words and word combinations.

Architecture and Structure of Measuring Devices. Measuring devices form the

cornerstone of any information-measuring

MEASURING TOOLS INFOGRAPHIC . . .
system, serving as vital tools for acquiring

---------- ; accurate data in scientific, industrial, and

o----9

technological applications. The architecture of

t
1

.... such devices encompasses several key

components, including sensors, signal

-4

A
1

processing units, data acquisition modules, and

interfaces for user interaction. Sensors are

Y }

responsible for detecting physical parameters
such as temperature, pressure, or light intensity,
and converting these into measurable signals. The signal processing unit enhances the
quality of these signals by filtering noise, amplifying weak inputs, and preparing data for
further analysis.

The structural design of measuring devices depends largely on their intended
application. For instance, compact portable devices prioritize mobility and ease of use,
while stationary systems focus on durability and precision. In recent years, advancements

in microelectronics and materials science have revolutionized measuring devices,
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enabling higher accuracy, faster response times, and enhanced integration with digital
systems.

Adjustment and Calibration of Optical Systems. Optical systems, widely used
in measurement technology, require precise adjustment and calibration to deliver reliable
results. Adjustment refers to the alignment of optical components, such as lenses, mirrors,
and prisms, to optimize performance. Factors like focal length, aperture size, and beam
alignment are meticulously fine-tuned to ensure accurate measurements. Modern
techniques, including computer-aided alignment and laser-guided positioning, have
significantly improved the efficiency of this process.

Calibration is the next critical step, ensuring that the optical system provides
measurements consistent with standard references. This

process involves comparing the instrument's readings

Time to

with those from a certified standard under controlledu

conditions. For example, in spectrometers or

(‘,1

interferometers, calibration ensures wavelength

accuracy and intensity uniformity. Regular calibration /< \.‘x

not only maintains the system's accuracy but also
compensates for factors like wear and environmental changes, which can affect optical
components over time.

Automation of Production Processes. /In contemporary industrial environments,

automation is an indispensable aspect of

Automation in Production Systems
Automated Manufacturing Systems

© High nvesmntingenralurpese sqipment information-measuring systems. Automated

+ Lower production rates than fixed automation
* Flexibility to deal with variations
+ High suitability for batch production.

production processes, heavily relying on

systems integrate sensors and measurement

Programmable

automation |- Highinv

Flesble | Lol T  pools  to monitor  parameters  such - as

automation |+ Flexibility te

Product variety

i R temperature, flow rate, and dimensional
automation + Inflexibility of the equipment

| | |
100 10,000 1,000,000

Production quantity

accuracy in real time. The data collected by

ig: Three types of ion relative to p ion gt ity and product variety.
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these systems is analyzed and used to control machinery, ensuring consistent quality and
efficient operation.

The implementation of feedback loops is a hallmark of automated production
systems. Measurements are continuously fed back into control algorithms, which adjust
operating conditions to maintain optimal performance. Furthermore, modern
advancements in artificial intelligence and machine learning enable predictive
maintenance, identifying potential faults before they result in downtime. This reduces costs
and enhances productivity across industries.

Automation has also facilitated the development of smart factories, where
interconnected devices and systems exchange information seamlessly. This concept, often
referred to as the Industrial Internet of Things (IloT), allows for the dynamic adaptation

of production lines to changing demands, fostering flexibility and innovation.

b) Translate the italicized paragraph into Ukrainian (in writing).

c¢) Put 5 questions to the text.

2. Advanced Synonym Exercise:

a) Match the words with their synonyms.

Word Synonym
1. Calibration A. Adjustment
2. Measurement B. Quantification
3. Precision C. Accuracy
4. Automation D. Mechanization
5. Sensor E. Detector
6. Validation F. Verification
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7. Data G. Information

8. Structure H. Configuration
9. Alignment I. Positioning
10. Reliability J. Dependability

b) Find the most appropriate synonym.
Each sentence below contains a bolded word related to metrology. Choose the correct
synonym that best replaces the bolded word without changing the meaning.
1. The calibration of instruments ensures measurement consistency.
A) Adjustment
B) Evaluation
C) Prediction
D) Reduction
2. Optical systems require precise alignment for optimal performance.
A) Detection
B) Positioning
C) Complexity
D) Stabilization
3. Advanced metrology tools offer enhanced reliability in industrial automation.
A) Verification
B) Dependability
C) Approximation
D) Standardization
4. The system's structure includes sensors, processors, and interfaces for data
exchange.
A) Design

B) Accuracy
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C) Complexity
D) Variation
5. Automation improves efficiency through accurate data collection and analysis.
A) Quantification
B) Information
C) Validation
D) Disruption

¢) Fill in the blanks with the correct synonym.
Use one of the given synonyms to complete each sentence. Make sure the sentence

makes sense in the context of metrology.

alignment, integration, feedback, adaptation, maintenance

1. The of optical components is critical to ensure the accuracy of

measurements in advanced systems.

2. The seamless of sensors and data processing units improves the

efficiency of automation systems.

3.In automated production, loops allow systems to adjust

operations in real time based on collected data.

4. The of machines to changing conditions is a key feature of

modern smart factories.

5. Regular of equipment ensures consistent performance and

minimizes system downtime.
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3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation
Sensor
Automation
Alignment
Calibration
Reliability
Precision
Integration
Traceability
Maintenance
Feedback
Configuration
Optimization
Determination
Detection

Quantification

4. Match the words with their definitions. Write the correct letter next to each

number.

1. Integration

2. Alignment

3. Automation

4.Feedback

5. Maintenance

6. Optimization

7. Configuration

8. Detection
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0. Reliability
10. Adaptation

Definitions:
A. The ongoing process of keeping equipment functional and in good working condition.
B. The process of identifying and recognizing specific signals or features in a system.
C. Modifications or adjustments made to suit changing conditions or requirements.
D. Information returned to a system to adjust or improve its operations.
E. The ability of a system or tool to perform consistently and dependably over time.
F. The process of ensuring proper positioning of components for optimal performance.
G. The use of strategies to enhance the efficiency and performance of a process.
H. The seamless combination of multiple systems or components into a unified operation.
I. The use of machinery and systems to carry out tasks with minimal human intervention.

J. The systematic arrangement of elements or parts within a system.

b) Choose two terms and write your own sentences using them to reinforce

understanding.

5. Give English equivalents to the meanings of the following words and word

combinations:

1. BupiBHtoBanns / HamamtyBaHHs
2. IaTerparis

3. ABromaru3zaris

4. 3BOpOTHHH 3B'A30K

5. O0cnyroByBaHHs

6. Orrrumizaris
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7. Konogiryparnis

8. BusiBnenus

9. HaniitHicTb

10. Apanrais

11. O6poOka curnamiB

12. JlaTuuku

13. 30upanHs qJaHUX

14. Inrepdeiicu

15. KanibpyBanHus

16. TouHicTh

17. BumiproBasbHi npuiaaau
18. PozymHi pabpuxu

19. [Iporuo3He oOCIyroByBaHHS

20. MOHITOPHHT Y peXKHUMI PEaIbHOTO Yacy

6. Choose the correct answer:
1. What is the primary function of sensors in information-measuring systems?
a) Generating data visualizations
b) Detecting and converting physical parameters into measurable signals
¢) Storing data for future use
d) Enhancing the durability of measuring devices
2. Why is calibration necessary in optical systems?

a) To increase the lifespan of the system

b) To ensure accurate measurements aligned with standard references
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c¢) To improve the physical design of the system
d) To simplify the system's operation
3. What does alignment of optical components primarily involve?
a) Adjusting settings for automated systems
b) Ensuring lenses and mirrors are correctly positioned
c¢) Reducing the system's weight
d) Installing additional components for performance improvement
4. What feature characterizes automated production systems?
a) Elimination of sensors
b) Use of feedback loops to adjust operations
c¢) Independent operation without data analysis
d) Manual monitoring of all processes
5. What is the purpose of predictive maintenance in industrial automation?
a) To repair equipment after significant downtime
b) To identify potential faults before they occur
c¢) To eliminate regular inspections
d) To reduce the efficiency of automated systems
6. How does integration benefit information-measuring systems?
a) By isolating each system component
b) By combining multiple systems for unified operation
¢) By minimizing the number of sensors used
d) By enhancing the complexity of processes
7. What is the main advantage of using smart factories in industrial automation?
a) Manual adjustments to production lines
b) Independent operation without external communication

c¢) Dynamic adaptation to changing production demands
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d) Replacement of all measuring devices with basic tools
8. Which of the following best describes feedback in automated systems?
a) Input data generated by external users
b) Information returned to adjust or improve operations
c) Static measurements that remain unchanged
d) Irrelevant data discarded during processing
9. Find the Correct Sentence Translation - Regular maintenance ensures that
measurement instruments continue to provide accurate and reliable data.
a) Perynsipae oO6ciyroByBaHHs 3a0e31euy€e TOYHICTh Ta HaIIMHICTh BUMIPIOBAHb.
b) IMocTiiiHi eKCIIEPUMEHTH 3 MPHUIadaMH rapaHTyIOTh OTPUMaHHSI HOBHX JaHHX.
) TecTtyBaHHS BUMIpIOBaJIbLHUX CHCTEM 3aBXKIH JIa€ HAWTOYHIIII PE3YJIBTATH.
d) Texuiune 0OCIyroByBaHHS MMPHUIAIB HE BIUIUBAE HA X TOYHICTb.
10. Find the Correct Sentence Translation - Feedback loops in automation systems
allow for real-time adjustments to ensure consistent performance.
a) 3BOpOTHI 3B’SI3KM B aBTOMATHU30BAHMX CHUCTEMax JOMOMAaralTh YHUKATH
HECIIPABHOCTEM.
b) Iletni 3BOPOTHOrO 3B’SI3Ky B aBTOMATH30BAaHUX CHCTEMaX O3BOJISIIOTh KOPUTYBATH
IPOIIECH B peabHOMY Yaci.
C) ABTOMaTH3aIlis 3a0e31edye 3BOPOTHHH 3B'S30K JIUIIIE JIJIs TIEPIOIUYHOTO KOPUTYBaHHS.

d) V peanbHOMY Yaci 3BOPOTHI# 3B'I30K HE BIUIMBAE Ha aBTOMATH3AIIIFO.

7. Give the full version of the following acronyms:
loT —
Al -

8. Translate the following sentences into Ukrainian.
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1.  Advanced measuring devices rely on integrated sensors and data acquisition
modules to enhance system performance.

2.  The precise alignment of optical components is vital for achieving accurate results
in complex measurement systems.

3. Automation in production processes uses real-time data analysis to optimize
efficiency and reduce operational costs.

4.  Feedback mechanisms in automated systems ensure that any deviations in
performance are promptly corrected.

5. Smart factories utilize interconnected devices to dynamically adjust production

workflows based on changing demands.

9. Translate the following sentences into English.
1.  Measuring devices integrate advanced signal processing units to filter out noise and
ensure precise data acquisition.
2.  Calibration procedures are essential for maintaining the accuracy of optical
measurement systems over time.
3.  The feedback loop in automated systems plays a critical role in maintaining
consistent operational efficiency.
4.  The adaptation of measurement systems to environmental changes ensures long-
term reliability in industrial applications.
5.  Integration of smart sensors and real-time monitoring tools has revolutionized

modern production processes.

10. Answer the questions to the text.
1. What are the main components of modern measuring devices?
2. Why is signal processing essential in information-measuring systems?

3. How does the structural design of measuring devices differ based on their application?
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4. What is the purpose of calibrating optical systems?

5. How do feedback loops contribute to automated production processes?

6. What role does data acquisition play in measuring systems?

7. Why is the alignment of optical components critical for accurate measurements?

8. How has the integration of smart sensors improved automation systems?

9. What advantages do smart factories provide in the context of industrial automation?

10. What benefits does predictive maintenance offer in reducing operational costs?

11. Write a short summary of the text (See the scheme p. 18, ex. 11) and be ready

to present it.

12*. Creative Writing
1. Imagine and Innovate:
Write a short story or descriptive essay (150-200 words) imagining a futuristic "smart
factory." Describe how information-measuring systems, sensors, and automation work
together to create an efficient production environment. Highlight the role of real-time
monitoring and predictive maintenance.
2. Metrology in Action:
Compose a journal entry as if you are a metrology engineer in a high-tech manufacturing
facility. Write about your daily tasks, such as calibrating devices, ensuring alignment of
optical systems, and managing automated processes. Include creative descriptions of
challenges you face and how you solve them.
3. The Missing Link:
Invent a scenario where a critical failure occurs in an automated production line. Write
how the failure was identified through information-measuring systems, and describe the
innovative solution implemented to restore the system's efficiency. Focus on teamwork

and technology.
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4. The Future of Measurement:
Write a visionary essay (200-250 words) predicting how information-measuring systems
and automation will evolve in the next 50 years. Use your imagination but incorporate

existing technologies such as I1oT (Industrial Internet of Things), Al, and smart factories.

SPEAKING

A Comprehensive Discussion & Guidelines:

1. Advancements in Measuring Device Architecture

- Highlight examples of advancements, such as faster response times or enhanced
integration with digital systems.

- Compare traditional systems with modern high-precision devices.

- Suggest future trends or innovations in measuring device design.

2. The Role of Calibration and Alignment in Measurement Systems

- Provide examples of calibration practices in industrial and laboratory settings.

- Include modern technologies such as laser-guided alignment or automated calibration
tools.

- Discuss the importance of standard references in calibration and their global impact.

3. Automation and Its Integration into Information-Measuring Systems

- Explain key concepts such as the Industrial Internet of Things (IloT) and smart
factories.

- Provide examples of industries where automation has significantly improved
production.

- Highlight the role of sensors and data acquisition in enabling automation.
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4. Smart Factories and the Future of Industrial Metrology

- Discuss real-life applications of smart factories and the benefits they bring.

- Address challenges such as cost, complexity, and cybersecurity in implementing smart
systems.

- Suggest how students can prepare to work with advanced systems in the future.

Discussion Points

1. Advancements in Measuring Device Architecture

- What are the essential components of modern measuring devices, and how do they
contribute to performance?

- Discuss the impact of microelectronics and material science on the evolution of
measuring devices.

- How do portable and stationary devices differ in their structural design and intended

applications?

2. The Role of Calibration and Alignment in Measurement Systems
- Why is calibration critical to maintaining accurate and consistent measurements?
- Explain the process of alignment in optical systems and its significance.

- What are the challenges and methods of ensuring alignment and calibration over time?

3. Automation and Its Integration into Information-Measuring Systems

- Explore the benefits of automation in production processes, focusing on efficiency and
consistency.

- How does real-time data analysis contribute to automated systems?

- Discuss the significance of feedback loops and predictive maintenance in industrial

automation.
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4. Smart Factories and the Future of Industrial Metrology

- What are the defining features of smart factories, and how do they integrate with
metrology systems?

- How does adaptability in production processes benefit industries?

- Discuss the potential of interconnected devices and real-time monitoring in shaping the

future of industrial automation.

2. Render the following text into English. Summarize its main idea in one
sentence.

[HpopmaniiHO-BUMIPIOBAJIbHI CUCTEMH BIJITPAIOTh KIIOUOBY POJb Y CyYacCHUX
TEXHOJIOT151X, 3a0€3MeUy0ur TOYHICTh 1 €(PEKTUBHICT Y PI3HUX rajiy3siX MPOMHUCIOBOCTI
Ta HayKu. OCHOBHUMH KOMIIOHCHTaMH TAaKUX CHCTEM € JATYHUKH, M0 TEPETBOPIOIOTH
¢b13uuHI MapaMeTpH, AK-0T TEMIIEpaTypa Yu TUCK, y BUMIPIOBaH1 CUTHAJIH, a TAKOXK MO
00poOKM cHWTHANIB, SKI MIABUINYIOTH SKICTh IIUX JaHUX. 3aBISIKU PO3BUTKY
MIKPOEJIEKTPOHIKM Cy4YacHI BUMIPIOBaJIbHI MPUCTPOi CTadud OUIBII KOMIAKTHUMHU,
IMIBUJKMMU Ta IHTETPOBAHUMH 3 HU(DPOBUMU CUCTEMAMHU, 11O MOJIETIIYE X BUKOPUCTAHHS
B CKJIQJITHUX BUPOOHUYMX YMOBAX.

OmHuM 13 BOXJIMBUX acCMEKTiB (PYHKIIOHYBaHHS 1H(OpMAaIIHHO-BUMIPIOBAIBLHUX
cucTeM € KamOpyBaHHsA Ta IocTyBaHHsA. KamOpyBaHHS 03BOJS€ BCTAaHOBHUTH
BIJIMOBIIHICT, BUMIPIOBAJIbHUX TPHWJIAJIB MDKHApPOJHUM CTaHJIapTaM, 3a0e3nedyroun
CTaOUIBHICTh Ta TOYHICTH iX poboTu. KOcTyBaHHs, 31 cBOro OOKy, (OKyCyeThCA Ha
HaJAIITyBaHHI KOMIIOHEHTIB, TAKUX SIK ONITUYH1 €IEMEHTH, JJIsl TOCATHEHHS ONTUMAaIbHOT
npoayKTHBHOCTI. CydacHi TEXHOJOTI, SIK-OT Jia3epHa IOCTUPOBKA YM aBTOMATH30BaHE
KaJTiOpyBaHHs, 3HAYHO CITPOIIYIOThH 111 ITPOIICCH.

VY cdepi aBromaruzamii BUPOOHWYHMX TPOIECIB iHPOPMAIIHHO-BUMIPIOBATbHI
CUCTEMHU CIPHUSIIOTh TOKPAIICHHIO MPOAYKTUBHOCTI, 3MEHIIEHHIO BUTpAaT Ta
3a0€3MeUeHHI0 CTaOUTbHOI SIKOCTI MPOMyKIii. BuKOpuCTaHHS 3BOPOTHUX 3B'SI3KIB

JI03BOJIsIE ABTOMAaTU30BaHUM CUCTEMaM aJamnTyBaTh poOOTY 10 3MiH y peaJibHOMY 4aci,
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3a0e3Mneuyroun BUCOKY HaJIMHICTh 1 0e3nmepeOiiHICTh MpolieciB. [HTerpailis TaKMX CUCTEM
13 KoHIIeNI[i€r0 "po3yMHUX (haOpuk" CTBOPIOE HOBI MOMJIMBOCTI JIJIsi THYUYKOI ajanTtarii
BUPOOHUYUX JIIHIA O MOMUTY, MiIBUILYIOYH €()EKTUBHICTh HA INIOOAIBHOMY PIBHI.
Takum 4uHOM, cyyacHi 1H(GOpPMalIiHO-BUMIPIOBaJIbHI CHUCTEMU HE JIUIIE
3a0€3Meuy0Th TOUYHICTh BUMIPIOBaHb, aJi€ i CTAIOTh HEBIJ'€MHOIO YaCTHHOIO MPOIIECIiB
aBToMaTu3auii, GopMyrud OCHOBY AJid MOAANBIIOrO TEXHIYHOro mporpecy. Bonu €
KJIIOYOBUM €JIeMEeHTOM Yy mepexoiai Ao Iumyctpii 4.0, ne i1HHOBaliiHI TEXHOJIOT11

3MIHIOIOTh MIJX1 10 BUPOOHUIITBA Ta YIPABIIHHS.
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Text B

Intelligent Control and Self-Diagnostic Systems

in Information-Measuring Technology

1. a) Read and translate the text into Ukrainian using the dictionary. Pay

attention to the underlined words and word combinations.

The integration of intelligent systems into information-measuring technologies
represents a transformative leap in industrial processes. These systems, powered by
artificial intelligence (Al) and predictive analytics, enhance the reliability, accuracy, and
efficiency of measurement devices. By continuously monitoring the performance of
instruments, intelligent systems not only identify potential faults in real time but also
ensure uninterrupted operation of production lines, thus reducing downtime and costs.

One of the key features of intelligent control systems is their ability to incorporate
self-diagnostics. This capability allows measuring devices to autonomously evaluate their

|ntemet OfThmgS ( |0'” own functionality and detect inconsistencies

» B 8 or errors. For instance, optical systems
Q?- Music ?w:m o _’3@7,
NKING ~oﬁ§k &

%*. 5w g equipped with self-diagnostic modules can

gm'} Q identify misalignment or calibration drift

HOME ELECTRON

= w1th0ut external intervention. This level of

ﬁ “7. automation minimizes human error and
FACTORY 82

g FAU ;? 10N

ROBOTICS

me wosie CowUTER ensures the consistency of measurements.
Coupled with IoT (Internet of Things) technology, these self-diagnostic systems can
communicate their findings to centralized platforms, enabling engineers to take immediate

corrective actions.
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Another critical aspect is the role of predictive maintenance in these systems. By

analyzing historical data and real-time senso

inputs, Al algorithms can predict when a

ops o AlAlgorithms Search & Optimization
device is likely to fail or when recalibration is Artificial Rtk \C‘@”‘hms
. . . o Al Algorithms Al Algorithms Based
necessary. Unlike traditional reactive |ntelllgence forlanguages O | oneural Networs
. L. $ Reinforcement /\ Supervised Leaming
maintenance approaches, predictive Algorlthms Leaming loritims ( Algorthms
Unsupervised Learning
maintenance prevents unexpected At

breakdowns by addressing issues before they
escalate. For example, in a high-precision manufacturing environment, predictive
algorithms can notify technicians of slight temperature fluctuations that might
compromise the accuracy of measurements, allowing them to act promptly. Intelligent

control systems also play a pivotal role in adapting production processes to dynamic
environments. These systems utilize real-time feedback loops to optimize workflows,
making on-the-fly adjustments to align with changing operational requirements. For
example, in smart factories, interconnected devices monitor every stage of production,
from data acquisition to final inspections. If a deviation occurs, such as material
inconsistencies, these systems automatically adapt the process to maintain product quality.

Moreover, the integration of intelligent technologies with standard metrological
practices strengthens traceability in measurement systems. By linking each measurement
to a recognized reference standard, intelligent systems ensure compliance with national
and international regulations. This is particularly important in industries such as
pharmaceuticals and aerospace, where even minimal deviations can have significant
consequences.

In the context of Industry 4.0, the implementation of intelligent control and self-
diagnostic systems is not merely an option but a necessity for companies aiming to remain
competitive. These systems enhance the overall productivity of industrial environments by
creating seamless communication between devices, ensuring operational efficiency, and

maintaining the highest standards of measurement accuracy. The combination of
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predictive analytics, loT, and self-diagnostics sets a foundation for the future of metrology
and automation.

In conclusion, intelligent control and self-diagnostic systems have become an
integral component of modern information-measuring technologies. They represent a
harmonious blend of innovation and practicality, addressing the demands of precision,
efficiency, and adaptability. As industries continue to evolve, the application of such
systems will expand, paving the way for more advanced and interconnected production
ecosystems. The future lies in the ability to predict, adapt, and ensure reliability in every

aspect of industrial measurement and automation.

b) Translate the italicized paragraph into Ukrainian (in writing).

c) Put 5 questions to the text.

2. Advanced Synonym Exercise:

a) Match the words with their synonyms

Word Synonym

1. Integration
2. Monitoring
3. Diagnostics
4. Prediction

5. Efficiency

6. Optimization
7. Maintenance
8. Adaptability
9. Innovation

10. Consistency

a) Adaptability
b) Innovation
c) Efficiency
d) Consistency
e) Prediction

f) Maintenance
g) Diagnostics
h) Monitoring
1) Optimization

j) Integration
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b) Find the most appropriate synonym

Each sentence below contains a bolded word related to metrology. Choose the
correct synonym that best replaces the bolded word without changing the meaning.
1. The integration of self-diagnostic modules enhances the functionality of modern
measurement systems.
A) Configuration
B) Combination
C) Separation
D) Alignment
2. Real-time monitoring ensures that any deviations in system performance are detected
promptly.
A) Observation
B) Validation
C) Manipulation
D) Calibration
3. The system's ability to make adaptations during production increases overall reliability
and efficiency.
A) Modifications
B) Maintenance
C) Detections
D) Mechanization
4. Predictive maintenance depends on the accuracy of the data collected by sensors.
A) Verification
B) Exactness
C) Adjustment
D) Consistency
5. The efficiency of production lines relies heavily on the optimization of workflows and

resources.
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A) Innovation
B) Improvement
C) Simplification
D) Integration

c) Fill in the blanks with the correct synonym
Use one of the given synonyms to complete each sentence. Make sure the sentence makes

sense in the context of intelligent control systems.

alignment, integration, feedback, adaptation, maintenance

1. The self-diagnostic system improves the of the production process by

ensuring minimal delays.

2. Advanced sensors allow for real-time of industrial equipment

to detect any deviations.

3. Effective of various subsystems ensures smooth operation

within automated factories.

4. Predictive maintenance relies heavily on accurate system to

identify potential faults.

5. The ability of smart factories to demonstrate to changes in

production demands increases their competitiveness.

3. Match the words with their definitions:
a) Match each term with its correct definition. Write the correct letter next to

each number
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1. Integration

2. Monitoring

3. Adaptability

4. Predictive maintenance
5. Optimization

6. Feedback

/. Diagnostics

8. Efficiency

9. Self-diagnostics

10. Innovation

Definitions:

A. The process of analyzing system performance to identify and correct
malfunctions.

B. Continuous observation and assessment of processes or equipment.

C. Information returned to improve processes or performance in automated
systems.

D. The seamless combination of multiple components into a unified operation.

E. A process that anticipates potential system failures and addresses them before
they occur.

F. The ability to perform tasks or processes with minimal waste of resources.

G. The introduction of new ideas or methods to improve existing systems.

H. A system's ability to detect and correct its own errors autonomously.

I. The use of strategies to enhance system functionality and performance.

J. The ability to adjust to new conditions or changes in an environment.
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b) Choose two terms and write your own sentences using them to reinforce

understanding

4. Give English equivalents to the meanings of the following words and word

combinations:

. InTerpanis

. Monitopusr

. ATanITUBHICTH

. [lepenOauyBane 00cIyroByBaHHs
. OnTumizarris

. 3BOPOTHUM 3B’ 130K

. Jliarnoctuka

. EdexruBHICTD

O© 0 9 O U B~ LW N =

. Camomiaraocruka

—
S

. BpoBajykeHHs 1HHOBAITH

[—
[—
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. CnioctepexeHHs B pealbHOMY 4aci

5. Choose the correct answer:
1. What is the role of self-diagnostic systems in measuring devices?
a) Increase device weight

b) Detect and correct errors autonomously
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c) Replace manual calibration
d) Eliminate the need for sensors
2. What technology enables predictive maintenance in automated systems?
a) Manual observation
b) Artificial intelligence
c) Complex wiring systems
d) Optical misalignment
3. Why is integration important in modern production systems?
a) To isolate each system component
b) To enhance smooth operation and collaboration between devices
c¢) To reduce the use of advanced technology
c¢) To maintain outdated practices
4. Which of the following best describes adaptability in smart factories?
a) Resistance to change
b) The ability to adjust to varying production demands
c¢) Reliance on manual processes
d) Disconnection from real-time data
5. What is the main purpose of real-time monitoring in production systems?
a) To predict changes in weather conditions
b) To observe and assess equipment performance continuously
c¢) To disconnect machinery from networks
d) To delay system feedback
6. How does optimization contribute to the functionality of production systems?
a) By increasing operational inefficiency
b) By improving workflows and resource usage
¢) By introducing unnecessary processes
d) By reducing system functionality

7. What advantage does feedback provide in automated systems?
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a) It increases manual intervention
b) It offers data to enhance system performance
c¢) It eliminates real-time communication
d) It disrupts system functionality
8. Which statement accurately reflects the purpose of innovation in industrial
automation?
a) To maintain outdated methods
b) To introduce new ideas for improving systems and processes
c¢) To remove technological advancements
d) To reduce system accuracy
9. Find the Correct Sentence Translation - Predictive maintenance improves system
reliability by addressing potential faults before they occur.
a) [lepenbauyBane 0OCITyroByBaHHS IiJIBUIIY€E HAIIMHICTh CUCTEMH, YCYBaIOYH MOXKIIMBI
3001 3aBYacHO.
b) OnTuMizallis 103BOJISIE CUCTEMI TTpalfoBaTH 0e3 Oyab-sIKUX 3001B.
¢) MoHiTopuHT 3a0e31neuye 3BOPOTHUHN 3B'S30K ITi]1 YaC HECTIPABHOCTI.
d) Texniune oOcIyroByBaHHS HE BIIMBA€E Ha pOOOTY MPUCTPOIB.
10. Find the Correct Sentence Translation - Real-time monitoring ensures the
immediate detection of any deviations in equipment performance.
a) CriocTepeXeHHsI B peaIbHOMY Yaci FapaHTye MIBUKE BUSBICHHS Oyb-SIKUX BIIXUJICHB
y po0oTi oOaHaHHS.
b) ABromarm3ariisi cripusie cTabUTbHIN poOOTI CUCTEMHU.
c¢) TounicTh BUMIPIOBaHb HE 3aJICKUTH BiJ Yacy.

d) MonitopuHr 3abe3mnedye JuIine NepiogndHy NepeBipKy BIIXUICHb.

6. Translate the following sentences into Ukrainian:
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1. Self-diagnostic systems enable devices to autonomously identify performance
issues, ensuring uninterrupted operation.

2. The integration of Al in predictive maintenance allows for early detection of
potential failures, reducing downtime significantly.

3. Real-time monitoring enhances production efficiency by providing immediate
feedback on equipment performance.

4. Intelligent control systems in smart factories adapt dynamically to changing
production demands, optimizing resource allocation.

5. The use of IoT in measuring systems facilitates seamless data exchange between

devices, creating a connected network for analysis.

7. Translate the following sentences into English:

1. TuTenekTyadbHI CHCTEMH JO3BOJISIOTH BHSIBISTH HECIPABHOCTI B PEXKUMI
peasibHOTO Yacy, 3a0e3neuyrodn 6e3rnepeliiHICTh BUPOOHUIHMX MPOIIECiB.

2. IHTerparist MTYYHOTO IHTEIIEKTY B aBTOMATH30BaHi CHCTEMHU 3HAYHO MiIBUIIYE
e(eKTUBHICTh TPOTHO3YBAHHS MOXJIMBUX 3001B.

3. MOHITOpPHUHT B peaIbHOMY Yaci CIIpHsi€ OTIEpaTHBHOMY BHSIBIICHHIO BiIXWJICHb Y
po6oTi 0018 THAHHS.

4. 3BOpOTHI 3B'SI3KW JIONIOMAraroTh ONTHMI3yBaTH BUPOOHHUYI JIiHI1, aIallTyrO0un ixX
710 MIHJIMBUX YMOB.

5. Bukopucranus [aTepHeTy peuell y BUMIPIOBAJIBHUX CHUCTEMaX CIIPUSE OOMIHY

JAHUMHU MK TPUCTPOSIMU, CTBOPIOIOUHN €IMHY MEPEXY IS aHAII3Y.

8. Answer the questions to the text:

1. What is the primary purpose of self-diagnostic systems in measurement devices?

2. How does predictive maintenance improve the reliability of automated
processes?

3. In what ways does real-time monitoring enhance production efficiency?
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4. Why is adaptability important in intelligent control systems within smart
factories?

5. How does IoT facilitate data exchange in modern measurement systems?

6. What role does artificial intelligence play in predictive maintenance strategies?

7. How do feedback loops contribute to the optimization of production workflows?

8. What benefits do intelligent control systems bring to automated manufacturing
environments?

9. How does the integration of self-diagnostic systems reduce downtime in
production processes?

10. Why is resource allocation optimization essential for efficient production

systems?

9. Write a short summary of the text (See the scheme p. 18, ex.11) and be ready

to present it.

10*. Creative Writing

1. A Day in the Life of a Smart Factory
Write a journal entry as if you are a self-diagnostic system in a high-tech manufacturing
facility. Describe your daily tasks, how you detect issues, and how you communicate

solutions to other systems. Be creative and personify the system to make it more engaging.

2. The Future of Automation
Imagine it is the year 2050, and intelligent control systems have evolved significantly.
Write a short story or an essay describing how these systems influence daily life,

industries, and human interaction. Include examples of new technologies and challenges.
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3. Predictive Maintenance Saves the Day
Create a fictional scenario where predictive maintenance prevents a major system failure
in a critical industry (e.g., aerospace, healthcare, or energy). Describe the steps taken by

the system, the technology involved, and the impact of solving the issue in time.

4. Designing the Ultimate Intelligent System

Write a proposal for an advanced intelligent control system. Include details about its
features, benefits, and potential applications. Be imaginative but tie your ideas to the
principles outlined in the topic (e.g., real-time monitoring, self-diagnostics, and

adaptability).

5. The Ethical Dilemma of Automation

Explore a creative dialogue between a factory manager and an intelligent system. Discuss
the benefits and drawbacks of automation, touching on topics like job displacement,
system reliability, and ethical considerations. Make the conversation engaging and

thought-provoking.

SPEAKING

A Comprehensive Discussion & Guidelines:

1. The Role of Self-Diagnostic Systems in Modern Automation

- Provide examples of self-diagnostic mechanisms, such as in optical systems or
Sensors.

- Highlight benefits such as reduced downtime, higher accuracy, and cost-effectiveness.

- Discuss challenges in implementing self-diagnostics, such as integration complexity or

cost.
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2. Predictive Maintenance and Its Impact on Industrial Efficiency

- Explain key concepts, such as data analysis, real-time monitoring, and forecasting.
- Include industries where predictive maintenance is essential (e.g., manufacturing,
aviation).

- Address potential limitations, such as reliance on high-quality data and training Al

systems.

3. Integration of 10T in Intelligent Control Systems
- Discuss the use of 10T for interconnected networks in smart factories.
- Provide examples of how 0T contributes to efficiency and adaptability in production.

- Highlight possible solutions for addressing cybersecurity risks.

4. The Future of Intelligent Control in Industry 4.0

- Emphasize technologies such as Al, machine learning, and big data in the context of
Industry 4.0.

- Predict how advancements in intelligent systems will transform productivity and
efficiency.

- Encourage exploring the ethical and economic implications of widespread automation.

Discussion Points

1. The Role of Self-Diagnostic Systems in Modern Automation
- How do self-diagnostic systems improve the reliability of production processes?
- What are the key technologies enabling autonomous fault detection and correction?

- Discuss real-world applications of self-diagnostics in industrial systems.

2. Predictive Maintenance and Its Impact on Industrial Efficiency
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- What is predictive maintenance, and how is it different from traditional maintenance
approaches?
- How does artificial intelligence enhance the effectiveness of predictive maintenance?

- Discuss the potential cost savings and productivity improvements it offers.

3. Integration of 10T in Intelligent Control Systems
- How does IoT enable seamless communication between measurement devices?
- What role does 10T play in real-time monitoring and data exchange?

- Explore the security challenges related to IoT integration in industrial settings.

4. The Future of Intelligent Control in Industry 4.0

- How do intelligent control systems align with the principles of Industry 4.0?

- What are the future trends in adaptive and autonomous systems for industrial
automation?

- Discuss the role of innovation in shaping the next generation of measurement

technologies.

2. Render the following text into English. Summarize its main idea in one
sentence.

[HTENEeKTYaTbHI CUCTEMH YIPABIIHHSA Ta CaMOJIArHOCTHKH € OCHOBOIO Cy4acHOT
aBTOMaTH3allii BUPOOHUYMX MPOIECiB. 3aBASKHA BIPOBAHKCHHIO TEXHOJOT1M MITYyYHOTO
iHTenekty Ta IurepHery peuerr (IoT), 1mi cucremMu 37MaTHI BUSIBIATA HECIPABHOCTI,
MIPOBOJIUTH aHAJI3 JaHUX y PEAIbHOMY 4aci Ta MPOTIOHYBATH ONTHMAJIbHI PIICHHS JJIs
3abe3reueHHs Oe3nepebitHol poboTn obnamHanus. Lle q03BossS€e HE JUINE MIABUITUTH
e(eKTHBHICTh POOOTH BUPOOHUYMX JTIHIH, aJie i MiHIMI3yBaTH BTPATH Yacy Ta PeCypcCiB.

Onniero 3 KIFOUOBUX (YHKI[IH TaKUX CUCTEM € TepeadadyBaHe 00CITyroByBaHHS.
BuxopucToBytoun iCTOpUYHI NaHi Ta aJITOPUTMHU TPOTHO3YBAHHS, CHUCTEMU MOXKYTh

BUSIBJISITU MOTEHLIMHI PU3UKU mepel X pakTUYHUM BUHUKHEHHsM. Hampuknan, y pasi
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3HOCY KPUTHUYHHMX KOMIIOHEHTIB OOJIaJHAHHSA CHUCTEMa aBTOMAaTUYHO MOMEpeIKae
IH)KEHEpIB, HaJJal0ul MOXKJIMBICTh MPOBECTU PEMOHTHI po00TH 3a31aeriab. Lle He Tuibku
3HMKYE PU3HK MTOJIOMOK, aJIe i JOIOMara€ yHUKHYTH JIOPOTUX MPOCTOIB y BUPOOHUIITBI.

Bonnouac, interpamis loT [103BOisiE CTBOPUTH MEPEXKY B3AEMOIOB’ SI3AHUX
MPUCTPOIB, sIKI OOMIHIOIOTHCS JAHUMHU Ta 3a0€3Meuy0Th HOBHY MPO30PICTh BUPOOHUUMX
npoueciB. Lle cTBoproe yMOBH i1 THYYKOTO YIpPaBIiHHS pecypcaMu Ta MIBUIKOT
ajanTaiii 70 3MiH y BUpOOHUYOMY CEpeIOBUIIII. 3aBAsKA 3BOPOTHOMY 3B’ 513Ky CUCTEMU
MOXYTh BHOCUTH KOPUT'YBaHHS B pEajbHOMY yaci, 3a0e3Meuyloyd CTaOUIbHICTh SKOCTI
MPOYKIIII.

VY MallOyTHbOMY 1HTENEKTyaldbHl CUCTEMHU YIpPaBIiHHS MaTUMYTh W€ MIHUPIIi
MO>KJIMBOCTI, CHPUSIIOUM TEpPEXOly A0 TMOBHICTIO aBTOMAaTH30BaHUX Ta aJalTHUBHUX
BUPOOHUYMX CEPEOBUIIL. IX BIPOBAIKEHHS € BaKIMBUM KPOKOM Y PO3BUTKY IHmycTpil

4.0, ne iHHOBAILIKHI PIIIEHHS CTAIOTh PYIIIMHOIO CUJIOI0 TIPOTPECY.
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UNIT V

PROGRAMMING, ALGORITHMS AND HARDWARE INTEGRATION

Text A

Algorithmic Programming and Coding Languages

1. a) Read and translate the text into Ukrainian using the dictionary. Pay

attention to the underlined words and word combinations.

The field of algorithmic programming plays a pivotal role in modern automation

and system development. It provides the foundation for creating efficient and precise

algorithms that drive the functionality of various automated systems. Among the most

widely used algorithmic languages are Python and Flash, both of which are renowned for

their versatility and applicability in diverse industrial contexts.

Uses of NumPy

Arithmetic 1 10 Searching, sorting
Operations and counting

Statistical 2 Mathematical
Operations 9 Operations

Bitwise _
QOperations 3 8 Broadcasting

Copying and 4 7 Linear
Viewing Arrays Algebra

Arithmetic

Stacking 5 6 Operations

&?%b InterviewBit

Basics of Programming Using Python and
Flash. Python is celebrated for its simplicity
and readability, making it an ideal choice for
beginners and professionals alike. Its
extensive libraries, such as NumPy and
pandas, provide tools for mathematical
computations, data  manipulation, and

automation, while frameworks like

TensorFlow support advanced tasks such as machine learning integration. Python’s

structured syntax ensures that developers can easily write and maintain efficient code for

complex systems. Its adaptability in areas ranging from web development to robotics

highlights its indispensable role in algorithmic programming.

141



On the other hand, Flash, though historically

What is TensorFlow ?

TensorFlow

more associated with multimedia applications, has

also been a powerful tool for creating interactive

Data flow graph

o 0%
Source code . / Tensor

Operation

elements in automated systems. Its ActionScript

language allows the development of dynamic and

U U ° . ) »
Kernel '

Workers

responsive algorithms, particularly in systems that

require engaging user interfaces or multimedia
integration. Flash’s versatility in creating animations and simulations provides valuable
insights in prototyping automated workflows.

Developing Algorithms for Automated Systems. The development of algorithms for
automated systems demands a comprehensive understanding of problem-solving
strategies and a structured approach to coding. In automated environments, algorithms
function as the “brain” behind system operations, dictating how a machine processes
input, reacts to changes, and achieves predefined goals. For instance, in an industrial
assembly line, an algorithm may control the precise timing and sequence of robotic actions

to optimize efficiency.

Python and Flash both contribute significantly [ ..

Applications

to this process. Python, with its advanced libraries

Enterprise
Applications

Console-
Based
Applications,

Development
conditions, ensuring vreliability and efficiency. i

scientific
o ‘ Ve o
Flash’s ability to visually represent workflows or Applications \J

simulate processes allows developers to test and

and support for real-time data processing, enables

Python
Applications

engineers to craft algorithms that adapt to dynamic

refine algorithms before full implementation.

Additionally, the integration of algorithms with sensors, microprocessors, and
communication systems enhances the intelligence of automated setups. Predictive logic,
error handling, and adaptability are key components of these algorithms, ensuring robust

and scalable operations in modern industries.
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In conclusion, mastering algorithmic programming in languages like Python and
Flash equips professionals with the tools to design and optimize the core functionality of
automated systems. As industries increasingly rely on automation, a strong foundation in
these programming languages and algorithm development is essential for staying at the

forefront of technological innovation.

b) Translate the italicized paragraph into Ukrainian (in writing):

¢) Put 5 questions to the text

2. Advanced Synonym Exercise:

a) Match the words with their synonyms

Word Synonym
1.Algorithm A. Combination
2. Efficiency B. Flexibility
3. Simulation C. Calculation
4. Automation D. Program
5. Optimization E. Improvement
6. Processing F. Workflow
7. Microprocessor G. Autonomy
8. Integration H. Performance
9. Real-time I. Emulation
10. Adaptability J. Instantaneous

b) Find the most appropriate synonym

143



Each sentence below contains a bolded word. Choose the correct synonym that
best replaces the bolded word without changing the meaning.
1. The libraries in Python allow programmers to simplify complex coding tasks.
A) Tools
B) Frameworks
C) Devices
D) Languages
2. Flash enables developers to create interactive simulations of automated workflows.
A) Designs
B) Experiments
C) Models
D) Interpretations
3. Optimization ensures that the algorithms perform efficiently under all conditions.
A) Development
B) Refinement
C) Reduction
D) Expansion
4. Writing structured algorithms is essential for managing automated systems.
A) Instructions
B) Processes
C) Configurations
D) Blueprints

¢) Fill in the blanks with the correct synonym.

Use one of the given synonyms to complete each sentence. Make sure the sentence

makes sense.
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algorithm, automation, optimization, real-time, libraries

1. Python's extensive simplify the process of implementing machine

learning models.

2. Developing an efficient is crucial for solving a complex coding
problem.

3. The of production processes minimizes the need for manual
intervention.

4. data processing helps ensure that systems respond instantly to

input changes.

5. Code improves performance and reduces execution time in

automated systems.

3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation
Algorithm

Automation

Libraries

Optimization

Real-time processing

Simulation

Workflow
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Microprocessor
Code readability

Debugging

4. Match the words with their definitions:
a) Match each term with its correct definition. Write the correct letter next to

each number

. Debugging

. Syntax

. Variable

. Algorithm

. Runtime

. Compilation
. Integration

. Framework

O© 0 3 O L B~ W N -

. Execute

10. Optimization

Definitions
A. A set of rules that defines the structure of statements in a programming language.
B. The process of finding and fixing errors in a computer program.
C. A structural platform that provides foundational tools and components for
development.
D. To carry out a specific instruction or set of instructions in a program.

E. The seamless combination of multiple systems or components into a unified operation.
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F. A storage location identified by a name that can hold different values during program
execution.
G. The period during which a program is actively being executed.
H. The act of improving a system or process to achieve maximum performance and
efficiency.
I. A step-by-step procedure or formula for solving a specific problem.
J. The process of translating source code into machine code so that it can be run by a
computer.

b) Choose two terms and write your own sentences using them to reinforce

understanding.

5. Give English equivalents to the meanings of the following words and word

combinations:

1. Anroput™m

2. ABTomaru3ariis

3. OnTumizaris Komy

4. O0poOka B pealbHOMY Yaci
5. Po3po6xka anroputMmiB

6. bibmiorexku Python

7. Cuamynsiist

8. InTerparriss KOMIIOHEHTIB

9. BukonyBaTtu

10. IIpocToTa mporpamyBaHHs
11. EpexTuBHICTH

12. YutabenbHICTh KOTY
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13. Kommsmist
14. AgannTuBHUN

15. HanmaromxeHHs: mporpamMu

6. Choose the correct answer
1. What is a key advantage of Python in algorithmic programming?
A) It is primarily used for animations.
B) It has a complex syntax.
C) It offers extensive libraries for simplifying coding tasks.
D) It cannot handle real-time data processing.
2. What makes Flash suitable for developing interactive systems?
A) Its readability for beginners.
B) Its capability to create dynamic multimedia simulations.
C) Its advanced libraries for machine learning.
D) Its focus on mathematical computations.
3. What does real-time processing enable in automated systems?
A) Delayed responses to new data.
B) Immediate reactions to changes in input data.
C) The execution of only pre-recorded instructions.
D) The need for manual adjustments.
4. Why is optimization important in automated systems?
A) It reduces system performance.
B) It minimizes efficiency and code readability.
C) It improves performance and reduces execution time.
D) It ensures the manual operation of algorithms.
5. What is the primary function of an algorithm in automated systems?

A) To perform complex animations.
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B) To provide a step-by-step solution to a problem.
C) To store values during execution.
D) To serve as a standalone component without external systems.
6. What is one of Python’s strengths in programming automated systems?
A) It is limited to web development only.
B) Its syntax is difficult to read and write.
C) It supports adaptability in changing conditions.
D) It lacks frameworks for advanced tasks.
7. How does Flash contribute to automated workflows?
A) By enhancing efficiency with machine learning frameworks.
B) By creating dynamic visual simulations for testing processes.
C) By performing numerical calculations for real-time data.
D) By offering syntax similar to Python’s.
8. What role do Python libraries play in algorithm development?
A) They offer predefined tools for complex computations.
B) They complicate the coding process.
C) They restrict real-time data processing.
D) They are used only in multimedia applications.
9. Find the Correct Sentence Translation - Optimization ensures that algorithms
perform efficiently and reduce resource consumption.
A) Onrtumizanis 3a0e3nedye e(OEKTUBHICTh QITOPUTMIB Ta 3HWKYE BUKOPHCTAHHS
pecypcis.
B) Po3pobxa anroputmiB yckiIaaHIOE poOOTY MPOTPAMHOTO 3a0€3MEUCHHS.
C) BripoBa;skeHHSI alTOPUTMIB ITIBHINYE CKIAAHICTh aBTOMATH3AIII].
D) EbexkTuBHICTS CUCTEM HE 3aJICKHUTH Bl ONITUMI3AIlii.
10. Find the Correct Sentence Translation - Flash simulations allow developers to

test and refine automated workflows visually.
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A) Cumymsauii y Flash  nosBonsitore  po3poOHHMKaM —Bi3yalnbHO TECTyBaTH Ta

BJIOCKOHAJIFOBATH POOOU1 MPOLIECH aBTOMATH3AIlli.

B) Flash ne BukopucToByeThCs 1151 poOOTH 3 aBTOMATH30BAaHUMH CHCTEMaMH.

C) BizyanbHi cumyisanii y Flash 3HauHO yckiaaHIOIOTE IPOIEC aBTOMAaTH3AIlii.

D) Cumyssnii y Flash BukopucToByroThCst BUKITIOUHO ISl pO3BAr.

. Translate the following sentences into Ukrainian:

. Python’s extensive libraries provide developers with powerful tools for real-time

data processing and algorithm development.

. Flash enables the creation of interactive simulations, offering a visual approach to

testing automated workflows.

.Code optimization ensures that automated systems operate efficiently while

consuming minimal resources.

. Integration of Python with microprocessors enhances the adaptability and

functionality of modern automated systems.

. Developing algorithms tailored to dynamic conditions is essential for ensuring

reliability in automated environments.

8. Translate the following sentences into English:

1.

bibmiorekn Python 3a0esneuyrorh po3pOOHHMKAM TMOTY)KHI 1HCTPYMEHTH IS

00pOOKH TaHUX y peaJbHOMY Yaci Ta CTBOPEHHS aJTOPUTMIB.

.Cumynsnii y Flash momomaraioTe Bi3yasJlbHO TECTyBaTH Ta BIOCKOHATIOBATH

aBTOMAaTH30BaH1 PoOOYi MPOLIECH.

.OntuMmizanis Koay rapantye e(QeKTHBHY poOOTy aBTOMATH30BaHUX CHCTEM 13

MiHIMaJIbHUM BUKOPHCTAHHSM PECYPCIB.

. Inrerpamis Python i3 wikponporiecopamu po3mmuproe (yHKIIOHATBHICTD 1

aI[aHTI/IBHiCTB Cy4aCHHNX aBTOMAaTHU30BaHUX CUCTCM.
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5. Po3pobka anroputmiB, 10 BPaxOBYIOTh JWHAMIYHI YMOBH, € KIIOYEM JIO

3a0e3MeueHHs Ha{IHHOCTI B aBTOMAaTU30BaHUX CEPEIOBUIIAX.

9. Answer the questions to the text.

1. What are the key advantages of Python as an algorithmic programming language?

2. How does Flash contribute to the development of interactive simulations?

3. Why is real-time processing important in automated systems?

4.In what ways does code optimization improve the performance of automated
systems?

5. How do algorithms function as the "brain" behind automated systems?

6. What features of Python make it suitable for dynamic and adaptive programming
tasks?

7. Why is component integration critical for the seamless operation of automated
processes?

8. How can Flash simulations assist developers in testing and refining workflows?

9. What role do Python libraries play in simplifying complex programming tasks?

10. What are the essential elements of algorithm development in ensuring the

reliability of automated systems?

10. Write a short summary of the text (See the scheme p. 18, ex. 11) and be ready

to present it.

11*. Creative Writing
1. Imagine a Coding Challenge. Write a short story about a programmer solving
a critical issue in an automated system using Python. Include details about how they

utilized libraries or implemented real-time data processing.
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2. Design an Ideal Algorithm. Create a concept for an algorithm that could
improve efficiency in smart factories. Describe its function, how it processes data, and

how Python or Flash could be used to implement it.

SPEAKING

A Comprehensive Discussion & Guidelines

1. The Importance of Algorithmic Programming in Modern Automation

- Highlight the versatility of Python in various industries, from web development to
robotics.

- Emphasize the role of Flash in creating interactive and dynamic simulations.

- Encourage learners to discuss how properly designed algorithms influence the efficiency

and reliability of automated processes.

2. Real-Time Data Processing: Benefits and Applications

- Provide case studies or examples where real-time processing prevents system
failures.

- Explore the challenges of implementing real-time processing and how they can be
addressed.

- Encourage participants to brainstorm potential use cases in their own fields.

3. Code Optimization and Its Role in Efficiency

- Focus on real-world benefits, such as reduced system downtime or improved energy
efficiency.

- Discuss tools and techniques for optimizing code, such as debugging and refining

algorithms.
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- Encourage participants to share examples of how they have improved code performance

in their own projects.

4. The Contribution of Flash to Workflow Simulations

- Provide examples of scenarios where simulations reduce development time and costs.

- Emphasize the creative applications of Flash in prototyping workflows.

- Explore new technologies that could enhance or replace Flash in simulation

development.

5. Challenges in Algorithm Development for Dynamic Systems

- Highlight the adaptability of Python in dynamic environments through its extensive
libraries.

- Explore strategies to enhance algorithm flexibility and adaptability.

- Encourage brainstorming about the future of algorithm development in handling

complex systems.

Discussion Points
1. The Importance of Algorithmic Programming in Modern Automation
- Why are algorithms considered the foundation of automated systems?
- How do Python and Flash serve as key tools for algorithm development?
- Discuss the significance of structured syntax and readability in programming.
2. Real-Time Data Processing: Benefits and Applications
- What is real-time data processing, and why is it critical for automation?
- How does Python’s ability to handle real-time tasks make it suitable for automated
environments?
- Discuss examples of real-time processing in industries such as manufacturing or

healthcare.
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3. Code Optimization and Its Role in Efficiency
- What are the key methods for optimizing code in algorithmic programming?
- Why is optimization essential for reducing resource consumption in automated systems?

- How does optimized code contribute to the scalability of a system?

4. The Contribution of Flash to Workflow Simulations

- How do Flash simulations support the development and refinement of automated
workflows?

- Why are visual simulations important for testing and troubleshooting algorithms?

- Discuss the limitations of Flash and potential alternatives for creating simulations.

5. Challenges in Algorithm Development for Dynamic Systems

- What are the key challenges when developing algorithms for dynamic and unpredictable
conditions?

- How can Python and Flash assist in creating adaptable algorithms?

- Discuss the role of libraries and frameworks in overcoming these challenges.

2. Render the following text into English. Summarize its main idea in one

sentence.

ANTOpUTMIYHE  TPOTpaMyBaHHS €  KIIOYOBOIO  CKJIAJIOBOI0  CY4YacHUX
aBTOMATH30BAaHUX CUCTEM. BOHO Ha/la€e MOXKIIUBICTh CTBOPIOBATH YITKO CTPYKTYpPOBaHI
ANTOPUTMHU, SIKi 3a0e3MedyloTh €(EeKTHBHICTh Ta HAIIAHICTh POOOTH PI3SHOMAHITHUX
nporeciB. Python ta Flash € momynsapauMu MoBaMu mporpamyBaHHS, K1 IOTIOMararTh
pearizyBaTH Il AITOPUTMHU 3aBSKH IXHIM YHIKAIbHUM OCOOJUBOCTSIM.

Python BuAiISIETHCSI MPOCTOTOI0 CUHTAKCHUCY, YUTAOCTBHICTIO KOy Ta HASIBHICTIO
mupokux 610miorek, Takux sk NumPy Ta pandas, mo poOuts #oro yHiBEpCaIbHUM IS

BUPIIICHHS CKJIAJIHUX 3aBlaHb. L[ MoOBa BHKOPUCTOBYETHCS [JIsi OOpOOKM JaHUX Yy
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pealibHOMY 4aci, po3poOKH aarOpuUTMIB, IHTErpallli 3 MiKpOIpoIleCOpaMu Ta HaBITh JJIS
HABYAHHS IITYYHOT'O IHTENEKTY. 3aBAsiku IboMy Python crae He3aMIHHUM IHCTPYMEHTOM
y 06ararbox raiyssx, Bii poOOTOTEXHIKU 10 BEO-pO3pOOKH.

Flash, xoua fioro 31€611b110T0 aCOIIIOIOTh 13 MYITBTUMENIMHUMHU T0AATKAMHU, TAKOXK
Ma€ 3HAYHMIl TOTEHIial y CTBOPEHHI iHTEpPAaKTHBHHX CHMYyJsLii. Moro 3marHicTh
MOJIETIIOBATH  MPOLIECH  JolOMarae  po3poOHMKaM  TECTyBaTH  aJIrOpUTMH  Ta
BJOCKOHAJIIOBaTH poOOYl Mporecu 10 iXxHboro BrpoBamkeHHA. Cumynanii y Flash €
3pyYHUM 1HCTPYMEHTOM [UIsl Bi3yaji3aiii, IO JO3BOJISIE IIBHJILIE BUABIATH Ta
BUIIPABIISITH OMUJIKH.

3aranomM, eeKTUBHE BUKOPUCTAHHS aJTOPUTMIYHUX MOB MPOrPAMYBaHHS, TAKUX
ak Python 1 Flash, € BaxiuBUM KpokoMm y po3poOIll 1HHOBAIlIMHUX aBTOMAaTHU30BaHUX
cucteM. Bonu nonomMararoth peaizyBaTé CydacHI pillIeHHs, 110 BiMOBIJal0Th BUMOTaM
[agyctpii 4.0, copusitoud MiABUIIECHHIO €(PEKTUBHOCTI, aJIanTHUBHOCTI Ta I1HTErparii

CHCTCM.
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Text B
Specialized Software and Hardware Integration

1. a) Read and translate the text into Ukrainian using the dictionary. Pay

attention to the underlined words and word combinations:

In modern engineering and automation, specialized software and hardware
integration have become crucial for developing efficient and adaptable systems. This
chapter focuses on the use of advanced tools and techniques, including specialized
software, microprocessor technologies, and their seamless integration to enhance
functionality and performance in various industries.

Using Specialized Software (MATLAB, AutoCAD, LabVIEW). Specialized
software plays an integral role in solving engineering
visual © challenges and enhancing the design, analysis, and

EECFN  automation of complex systems. MATLAB, with its

0, .. MATLAB extensive libraries and toolboxes, is a go-to platform
g Multiparadigm 3] for numerical computations, control systems, and data

— visualization. Its ability to simulate real-world systems
v before implementation minimizes risks and saves time
in the engineering process. For instance, it enables
users to test algorithms for control systems or analyze signal processing tasks in a virtual
environment.

AutoCAD is another invaluable tool, . /F

particularly in fields that require precision in technical
drawings and 3D modeling. Architects and engineers

rely on its robust features to design everything from=

buildings to machine components with meticulous accuracy. Its compatibility with other
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software also makes it a versatile choice for collaborative projects. Additionally, its 3D

modeling
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LabVIEW, on the other hand, is unparalleled in its
ability to handle automated testing and measurement systems. Its graphical programming
interface simplifies the process of designing virtual instruments, making it easier for
engineers to acquire and analyze data in real-time. LabVIEW is widely used in
laboratories and industries to create complex testing setups, enabling users to monitor
processes, generate reports, and identify issues quickly. Working with Microprocessors
from Modern Manufacturers. Microprocessors are the core components of intelligent
systems, enabling devices to perform complex tasks and calculations efficiently.
Manufacturers like Intel, AMD, and ARM have revolutionized the industry by producing
processors tailored to different applications, from consumer electronics to industrial
automation and high-performance computing. These microprocessors are designed to
handle massive amounts of data, perform calculations at lightning speed, and manage
multiple processes simultaneously.

For engineers, understanding the architecture and functionality of modern

microprocessors is critical. Skills in programming
instruction sets, managing memory, and interfacing
microprocessors with peripheral devices are essential
for creating efficient systems. For example, ARM
processors are widely used in embedded systems due
to their low power consumption and adaptability, while Intel’s high-performance

processors are preferred for tasks requiring significant computational power. Familiarity
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with these technologies enables professionals to select the right hardware for specific
applications, ensuring the optimal performance of automated systems.

Integration also plays a vital role in enhancing system reliability and scalability. It
allows for the development of modular systems where microprocessors and software can
be updated or replaced independently without disrupting the entire setup. This flexibility
is crucial in modern industries that demand adaptable and future-proof solutions.

In conclusion, the combination of specialized software tools with advanced
microprocessors opens up endless possibilities for innovation in engineering and
automation. Proficiency in these areas enables professionals to design cutting-edge

solutions and stay at the forefront of technological advancement.

b) Translate the italicized paragraph into Ukrainian (in writing).

c) Put 5 questions to the text.

2. Advanced Synonym Exercise:

a) Match the words with their synonyms

Word Synonyms
1. Simulation A. Expandability
2. Integration B. Procedure
3. Workflow C. Expertise
4. Acquisition D. Framework
5. Scalability E. Calculation
6. Architecture F. Process
7. Computation G. Emulation
8. Deployment H. Collection
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Word Synonyms
9. Algorithm [. Implementation

10. Proficiency J. Unification

b) Find the most appropriate synonym
Each sentence below contains a bolded word related to metrology. Choose the correct
synonym that best replaces the bolded word without changing the meaning.

1. The integration of microprocessors with software enables efficient system
performance.
A) Fusion
B) Separation
C) Disconnection
D) Isolation

2. Engineers rely on accurate simulation to test workflows before implementation.
A) Observation
B) Visualization
C) Emulation
D) Execution

3. Proper deployment of algorithms ensures seamless functionality in automated
systems.
A) Removal
B) Testing
C) Implementation
D) Creation

4. The scalability of modern processors allows systems to adapt to increasing
demands.

A) Expandability
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B) Limitation
C) Size
D) Restriction
5. Software like LabVIEW facilitates efficient acquisition of real-time data.
A) Processing
B) Collection
C) Generation

D) Loss

¢) Fill in the blanks with the correct synonym
Use one of the given synonyms to complete each sentence. Make sure the sentence makes

sense in the context of metrology.

integration, simulation, scalability, deployment, acquisition

1. The seamless of microprocessors and software enhances system

functionality in modern engineering.

2. Accurate helps developers test workflows before final
implementation.
3. The of algorithms is crucial to ensure the reliable operation of

automated systems.

4. The of real-time data allows engineers to make precise decisions

in dynamic environments.

5. The of processors ensures that systems can handle increasing

computational demands efficiently.
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3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation
Integration
Simulation
Microprocessor
Acquisition
Automation
Deployment
Efficiency
Scalability
Computation
Performance
Enhance
Streamline
Adapt
Optimize
Reliability

4. Match the words with their definitions:
a) Match each term with its correct definition. Write the correct letter next to
each number
1. Simulation
2. Microprocessor
3. Deployment
4. Scalability
5. Acquisition
6. Computation

7. Visualization
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8. Enhancement
9. Adaptability
10. Architecture

Definitions
A. The act of improving or refining system performance or functionality.
B. The ability of a system to adjust and function in changing environments.
C. A structural design or framework used to organize components in a system.
D. A method of imitating or modeling real-world processes for testing purposes.
E. The collection or gathering of data for analysis or application.
F. A small electronic chip that performs computations and controls system operations.
G. The execution or implementation of software, tools, or systems for real-world use.
H. The ability of a system to expand and handle increased workloads effectively.
I. The process of solving problems through mathematical or logical calculations.
J. The graphical representation or illustration of data, systems, or workflows.
b) Choose two terms and write your own sentences using them to reinforce

understanding.

5. Give English equivalents to the meanings of the following words and word

combinations:

1. TnTepdeiic kopucTyBaua

2. PosropranHs anroputMis
3. I’'padiuna Bizyamizaitis

4. 30ip naHUX

5. IIporpamna apxiTekTypa

6. Buxonanus 3aBaaHb
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7. O0GuncIOBalibHA MOTYXHICTh
8. MozentoBaHHs IpOLIECIB
9. InmxeHepH1 IHCTPYMEHTH

10. MacmtaboBaHICTh CUCTEMU
11. TecTyBaHHs TPOrpaMHOro 3a0€3MeUEHHS
12. InTerpariist o6aHaHHS

13. ABTOMaTH30BaH1 pillICHHS
14. HanamtyBaHHS CUCTEMU
15. PeanbHuii yac

16. BbynoBani cucremu

17. KoHTpOJIbHI aJITOPUTMHU

18. TexHiuHe MOIEIIOBAHHS

19. BipryanpHi IHCTpYMEHTH

20. ITinTpumka 06UUCICHD

6. Choose the correct answer:
1. Which software is widely used for control systems, signal processing, and
simulations?
A) AutoCAD
B) MATLAB
C) LabVIEW
D) ARM
2. What is the primary advantage of AutoCAD in engineering?

A) Data acquisition
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B) Numerical computations
C) Creating precise technical drawings and 3D models
D) Algorithm deployment
3. Which tool is known for simplifying the design of automated testing systems?
A) MATLAB
B) LabVIEW
C) Microprocessor
D) Intel Processor
4. Why is scalability important in modern processors?
A) To consume less power
B) To allow systems to handle increasing computational demands
C) To create more complex algorithms
D) To improve graphical representation
5. What does the integration of microprocessors with software primarily ensure?
A) Manual adjustments
B) Minimal performance
C) Seamless system functionality
D) Limited scalability
6. How does LabVIEW enhance engineering workflows?
A) By providing precise 3D modeling capabilities
B) By offering visual programming for data acquisition and real-time analysis
C) By simulating physical processes with emulation algorithms
D) By automating microprocessor architecture updates
7. What is a key feature of microprocessors produced by ARM?
A) High power consumption
B) Advanced graphical interfaces
C) Low power consumption and adaptability

D) Exclusive use in industrial environments
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8. What is the main purpose of simulation in engineering?
A) To observe real-world events without predictive analysis
B) To replace physical systems with virtual frameworks
C) To test and refine workflows in a virtual environment before deployment
D) To collect data passively without interaction
9. Find the Correct Sentence Translation - Seamless integration of microprocessors
with software enables efficient system performance.
A) Be3moBHa iHTErpatis MiKpOIpoIlecopiB 13 MPOrpaMHUM 3a0e3MNeueHHsIM 3a0e3neuye
e(exTuBHY poOOTY CUCTEMHU.
B) InTerpanis anaparHoro 3a0e3neueHHs yCKIaAHIOE aBTOMaTH3allio.
C) Pozropranss MiKponpoIecopiB HE BIUTMBAE HA (PYHKIIIOHYBAaHHS CUCTEMHU.
D) TectyBaHHs nporpamMHoro 3abe3rnedeHHs J03BOJIs€ YHUKATH 1IHTErpalii.
10. Find the Correct Sentence Translation - LabVIEW simplifies automated testing
and real-time data analysis for engineers.
A) LabVIEW yckianHioe aHajiz 1aHUX Y peajlbHOMY 4Yaci Jis 1HXXCHEPIB.
B) LabVIEW monermnrye aBTomaTi30BaHe TECTYBaHHS Ta aHAJI3 IaHUX Y pealbHOMY Yaci
JUTSL THXKEHEPIB.
C) LabVIEW BUKOpPUCTOBYETHCS JUIIIE JIJIs1 TECTYBaHHS aliapaTHOTO 3a0€3MeYeHHS.

D) LabVIEW 3acTtocoByeThCs 11 CTBOPEHHS TEXHIYHUX MatOHKIB y 3D.

7. Give the full version of the following acronyms:
MATLAB —
AutoCAD —
LabVIEW -
ARM -

8. Translate the following sentences into Ukrainian.
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1. Engineers utilize MATLAB to simulate and analyze dynamic systems, ensuring
reliability before real-world implementation.

2. AutoCAD's precision in creating technical drawings makes it an indispensable tool for
designing complex engineering projects.

3. LabVIEW streamlines data acquisition by allowing users to build intuitive workflows
for automated testing processes.

4. Modern microprocessors, such as those by ARM, are designed for low power
consumption and exceptional adaptability in embedded systems.

5. Seamless integration of software and hardware components enhances the flexibility and

scalability of automated workflows.

9. Translate the following sentences into English.
1. MATLAB no3Boiisie iHXK€HEpaM IPOBOJAWTH MOJICIIOBAHHS JHHAMIYHUX CHCTEM,
3MEHIITYIOYH PU3UKH MTepe]] BIPOBAHKEHHSIM y peaTbHIX yMOBAX.
2. AutoCAD He3aMiHHUN y CTBOPEHHI TOYHUX TEXHIYHMX KpPECJICHb 1 TPUBUMIPHUX
MoOJIeIIeH TSl CKIIATHUX 1H)KEHEPHUX MPOCKTIB.
3. LabVIEW mnonermye aBTomaTi30BaHuii 301p gaHUX 1 3a0e3reuye epeKTHBHUN aHaTI3
y peaJlbHOMY Yaci.
4. Cywacui Mikpompouecopu, Taki sk ARM, BHUPIBHSIOTECA  HHU3BKUM
€HEPTOCIOKUBAHHIM 1 BUCOKOIO aIalITUBHICTIO JIsl BOYIOBAaHUX CHCTEM.
5. Imterpamiss mporpamMHOro 3a0e3ME4YeHHs Ta amapaTHUX KOMIIOHEHTIB MiABUIILYE

MacmTaboBaHICTh 1 €(PEKTUBHICTH aBTOMAaTH30BaHUX POOOYMX MPOIIECiB.

10. Answer the questions to the text.
1. What are the primary applications of MATLAB in engineering?
2. How does AutoCAD contribute to the design of complex technical projects?
3. Why is LabVIEW considered an effective tool for real-time data analysis?

4. What are the advantages of ARM microprocessors in embedded systems?
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5. How does the integration of microprocessors with software enhance system
performance?

6. In what ways does simulation reduce risks during the development of automated
systems?

7. Why is scalability important for modern processors in engineering projects?

8. How does LabVIEW streamline the development of automated testing processes?

9. What makes AutoCAD essential for creating precise technical drawings and 3D
models?

10. How do modern microprocessors improve the adaptability of automated workflows?

11. Write a short summary of the text (See the scheme p. 18, ex. 11) and be ready

to present it.

12*. Creative Writing
Design the Future:
A World Transformed by Specialized Software and Hardware Integration
Instructions: Imagine a world where the seamless integration of advanced software
and hardware has revolutionized every aspect of life—healthcare, education,
transportation, industry, or even daily routines. Write a short story, an article, or a journal
entry describing this futuristic world.
Your writing should address the following:
1. How do systems like MATLAB, AutoCAD, or LabVIEW play a role in shaping this
future?
2. What innovative applications of microprocessors and automated workflows can be
imagined?
3. How does this technological advancement improve the lives of individuals and

society as a whole?
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4. Are there any challenges or ethical considerations introduced by these
advancements?
Optional Elements to Include:
1. A day in the life of someone living in this world.
2. A dramatic event where software and hardware integration solves a critical
problem.
3. Personal reflections of an engineer or scientist who played a key role in designing
such systems.
Make your writing imaginative and vivid. Use descriptive language to paint a

picture of this exciting future!

SPEAKING

A Comprehensive Discussion & Guidelines

1. A Comprehensive Discussion
The Role of Specialized Software and Hardware in Modern Engineering
Instructions: Work individually or in pairs to discuss the following topics. Use
examples from the real world, or imagine innovative possibilities to elaborate on your
points. Be sure to share your personal insights and engage deeply with the questions.
Discussion Questions:
1. Why is the integration of software like MATLAB, AutoCAD, or LabVIEW
essential in engineering and automation today?
2.How do modern microprocessors improve the efficiency and adaptability of
automated systems?
3. Can you think of a scenario where simulation and visualization software might

prevent critical errors in engineering projects?
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4. What are the potential challenges engineers face while integrating software and
hardware in complex systems?

5. How can scalability in hardware systems contribute to long-term technological
advancement?

6. Imagine you're designing a smart factory. Which specialized tools or software
would you choose and why?

7. What ethical considerations might arise with the rapid development of automation
and intelligent systems?

8.In your opinion, how will the future of specialized software and hardware
integration impact industries like healthcare, education, or transportation?

Extension Task: Present your thoughts to the group and support your ideas with

examples or analogies. You may also debate contrasting viewpoints and reflect on the pros

and cons of advanced technology in daily life.

2. Collaborating on Advanced Engineering Concepts

Exploring the Impact of Specialized Software and Hardware Integration
Guidelines:

1. Form Groups or Pairs: Work in small groups or pairs to ensure an active exchange
of ideas and balanced participation.

2. Preparation: Each participant should think of at least one example of how
specialized software (like MATLAB, AutoCAD, or LabVIEW) and hardware (such
as microprocessors) are used in real-world applications. Prepare to share your
example with the group.

3. Discussion Topics:

- How has the integration of software and hardware transformed specific industries

(e.g., healthcare, manufacturing, or transportation)?
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- In what ways can automation improve efficiency, and are there any potential risks
involved?

- Imagine a future innovation made possible through the seamless integration of
advanced software and hardware. Describe it.

- Discuss the role of adaptability and scalability in modern systems. Why are these
characteristics vital for long-term success?

4. Engage Actively: Use follow-up questions to dive deeper into each idea. For
example:

- "Can you explain how LabVIEW contributes to this process?"
- "Do you think automation will fully replace human roles in this field?
- "What challenges might engineers face with scalability in their systems?"

5. Feedback Loop: Provide constructive feedback to each other. Highlight creative
ideas and ask clarifying questions to enrich the discussion.

6. Presentation: Conclude the activity by having each group/pair present their
insights and innovations to the rest of the class or group. Encourage others to ask
questions about the presentation.

7.Key Points: Focus on clear communication, using specialized vocabulary and
practical examples wherever possible. Avoid overcomplicating explanations—keep

it engaging and collaborative!

2. Render the following text into English. Summarize its main idea in one

sentence.

InTerpauisa nporpaMmHoro 3aée3ne4eHHst
Ta aNapaTHOro 3ade3nevYeHHsi: Mall0yTHE iHKeHepil

besmoBHa inTerpalris cremiaiizoBaHOTO MPOTPaMHOTO 3a0€3MeUeHHS Ta Cy4aCHOTO

amapatHOTo 3a0e3MedeHHs 3MiHIO€ TaHamadT iHXeHepii Ta aBTomMaru3aitii. [HcTpymeHTH,

taki sk MATLAB, AutoCAD ta LabVIEW, cramum He3aMIHHMMH 3aBISIKH CBOIM

IIOTY>XHHUM MOXKIHNBOCTAM JIA IIPOCKTYBAaHHA, MOACIIOBAHHA Ta OHTI/IMiSaI_[i'l. CKIagHHuX

LIV



cucreM. MATLAB 31 cBOIMH HIMPOKMMH OOYMCIIOBAIbHUMHU (YHKIIISIMUA JTO3BOJISIE
IHXKEHepaM pOo3pOOJISITH aJIrOPUTMU KEpyBaHHS Ta aHaJi3yBaTH JHWHAMIYHI MPOIECU 3
BHUCOKOIO TOUHICTIO. TuM yacom AutoCAD 3a0e3neuye CTBOPEHHS AETAIbHUX TEXHIYHUX
KpecneHb 1 3D-Monenel, no € BaXXJIMBUM €TanoM Bi3yalli3alli MiJl yac MpOEKTYBAaHHS.
LabVIEW 1iie Guibliie BAOCKOHAIIOE POOOU MPOIECH, CIIPOITYIOUH 301p TaHUX 1 aHAJI3 Y
peanbHOMY Yaci Ta ONTUMI3YIOYH PO3POOKY aBTOMAaTH30BaHUX CHCTEM TECTYBaHHSI.

Mikponpolecopd  BIIICPalOTh  KJIOYOBY poiib Yy 3a0e3leueHHi  poOoTu
IHTEJNIEKTYaJIbHUX Ta ajanTtuBHUX cucteM. CydacHi BUpoOHUKH, Taki sk ARM ta Intel,
BUIIYCKAIOTh ~ BHUCOKOTMPOJAYKTHBHI  TPOIECOpPH,  SKi  MOEIHYIOTh  HH3bKE
€HEProCrOXXUBAaHHA 3 BHCOKOI OOYHCIIOBAJIIBHOIO TMOTYXHICTIO, IIO POOUTH 1X
i1ealbHUMH U1 BOYJOBaHMX CHCTEM Ta MpoMHUCIoBOi aBTomaru3zauii. Lli cyuacHi
MIKPOIIPOIIECOPH 3a0€3Meuy0Th MACIITA00OBAHICTh, TIO3BOJISIOUM CUCTEMaM OO0poOsTH
3pOCTar0dyi HaBaHTAXCHHS Ta aJanTyBaTHCS JO 3MIHHUX BHUMOL [HXeHepu
BUKOPUCTOBYIOTh I[}0 QJaNTHBHICTh IS CTBOPEHHS 1HHOBAIlIMHHX pIllleHb, SKiI €
HaJIMHUMU Ta €(QEKTUBHUMHU, TapAHTYIOUM JOBTOBIYHICTH aBTOMATH30BaHUX CHUCTEM Yy
MIBUIKO 3MIHIOBAaHUX TaITy35X.
CuHepriss MK 1HTETpaIli€l0 MPOTPAMHOTIO 3a0€3MEUeHHs Ta armapaTHOro 3abe3redeHHs
BIJIKpHMBAE JIBEPI1 JIJIs1 PEBOJIIOIIHHUX TPOPHUBIB y OaratboX cdepax, BKIFOYHO 3 OXOPOHOIO
30pOB’sl, BUPOOHUIITBOM 1 TpPaHCIOPTOM. MoenoBaHHSA, CTBOPEHE 3a JOMOMOTOI0
iHCTpyMeHTIB, Takux sk MATLAB, nomomarae iHXeHepaM TeCTyBaTH Ta
BJIOCKOHAJIIOBATH POOO0YI MPOIECH Yy BIPTyalbHOMY CEPEIOBHIINI, 3HUKYIOUU PH3IUKH
nepes BIpoBaHKeHHSAM. MaciTaboBaHICTh CydYaCHUX CUCTEM 3a0€31edye JOBITOCTPOKOBY
CTINKICTh, @ TOYHICTh TaKUX IHCTpYMEHTIB, sk AutoCAD, miaTpumye CTBOpEHHS
ONTUMAJIbHUX MPOEKTIB. 3aBASKM IOMY IOEJHAHHIO TEXHOJIOT1H MiJBUIIY€ETHCS
MPOAYKTUBHICTh Ta CTUMYIIOETHCS I1HHOBAIIMHUN IMAX1A A0 BHUPIMICHHS peaTbHUX
BUKIIMKIB.

3arajioM, MO€IHAHHS CIEL1aII30BAHOTO IPOTrPaMHOI0 3a0€3MeUeHHS 13 CyYaCHUM

anapaTHUM 3a0e3NeueHHsIM BU3Hauae MailoyTHe imwkeHepii. Lls iHTerpaumis Hanae
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IH)KeHepaM 3MOTY pO3LIMPIOBAaTH MEK1 MOMKJIMBOro, 3a0e3medyroud OuUlbll pO3yMHI,
IIBUAKI Ta €(QEKTUBHI pILIEHHS, $KI BIANOBIJAIOTh BUMOIaM BCE CKJIAIHINIOIO M
aBTOMAaTU30BAaHOIO CBITY. 3aBJISKU IOCTIMHOMY PO3BUTKY MOTEHLIAN JJs 1HHOBAILii

3QJIMIIAETHCI 0€3MEKHUM.
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TEST YOURSELF
Choose the correct answer.
1. What is metrology?
a) The science of materials
b) The science of energy
¢) The science of measurement
d) The science of motion
2. Which organization defines metrology as "the science of measurement™?
a) 1ISO
b) BIPM
¢) OIML
d) NIST
3. Which system of units was created during the French Revolution?
a) Imperial system
b) Metric system
c) CGS system
d) MKS system
4. What are the three main activities of metrology?
a) Definition of units, calibration, standardization
b) Definition of units, realization of units, traceability
c¢) Definition of units, certification, quality control
d) Definition of units, testing, analysis
5. What are the three basic subfields of metrology?
a) Fundamental, applied, legal
b) Fundamental, technical, industrial
¢) Fundamental, scientific, medical
d) Fundamental, applied, environmental

6. Which organization was established by the Convention of the Metre in 1875?
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a) ISO
b) BIPM
c) OIML
d) NIST

7. What are the seven basic units of the modern SI metric system?
a) Meter, kilogram, second, ampere, kelvin, mole, candela
b) Meter, gram, minute, volt, Celsius, mole, lumen
c¢) Inch, pound, hour, watt, Fahrenheit, mole, lux
d) Meter, kilogram, second, volt, Celsius, mole, lumen

8. Which unit remains based on a physical artifact?
a) Meter
b) Kilogram
c¢) Second
d) Ampere

9. What is the purpose of calibration in metrology?
a) To enhance the aesthetic design of instruments
b) To verify the precision and traceability of measurements
c¢) To increase the speed of measurements
d) To reduce the cost of instruments

10. What is a primary measurement standard based on?
a) Physical constants
b) Secondary standards
c¢) Working standards
d) Environmental factors
11. What ensures the repeatability of measurements in metrology?

a) The aesthetic design of instruments
b) The calibration process

c¢) The use of advanced technology
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d) The environmental conditions
d) X-rays
12. Which term describes the bending of light as it enters a denser medium?
a) Reflection
b) Refraction
¢) Diffraction
d) Interference
13. What is the smallest unit of light called?
a) Proton
b) Electron
¢) Photon
d) Atom
14. Which theory explains light as both a wave and a particle?
a) Electromagnetic theory
b) Quantum mechanics
c) Corpuscular theory
d) Newton’s theory
15. What term is used to describe the spreading of light waves through a narrow
opening?
a) Reflection
b) Refraction
c¢) Diffraction
d) Polarization
16. What phenomenon causes rainbows?
a) Reflection and refraction
b) Diffraction
¢) Polarization

d) Interference
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17. How do optical fibers transmit information?
a) By polarizing light
b) Through total internal reflection
¢) By absorbing light waves
d) Through wave dispersion
18. What does "laser" stand for?
a) Light Absorption by Simulated Emission of Radiation
b) Light Amplification by Stimulated Emission of Radiation
c) Light Application by Strong Energy Radiation
d) Light Acceleration by Systematic Emission of Rays
19. Which process uses a laser to cut materials with high precision?
a) Engraving
b) Marking
c) Welding
d) Laser cutting
20. What is the main advantage of laser engraving?
a) It requires physical contact with the surface
b) It is a temporary marking technique
c) It creates durable, precise designs without damaging the material
d) It works only on metal surfaces
21. Which type of laser is commonly used for high-precision cutting and marking?
a) Gas laser
b) Fiber laser
¢) Fluorescent laser
d) Solar laser
22. What is a wavelength in laser technology?
a) The power output of a laser beam

b) The speed at which the laser moves
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¢) The distance between two peaks in a wave of light
d) The width of the laser beam

23. What is calibration in laser systems?

a) The process of heating up the laser
b) The adjustment of the laser for accuracy and performance
¢) A method of cooling the laser machine

d) The installation of laser safety shields

24. What is one major disadvantage of laser technology?

a) Low precision
b) High initial cost
c) Slow processing speed

d) Requires constant manual operation

25. What is the function of the gain medium in a laser system?

a) It amplifies light by stimulated emission.
d) It reflects the laser beam.
c) It cools down the laser system.

d It absorbs light instead of emitting it.

26. Which type of laser is commonly used for cutting metals in industrial applications?

a) CO: laser
b) Excimer laser
¢) Ultraviolet laser

d) Dye laser

27. What happens when a laser beam is directed at a metal surface with high energy?

a) The metal absorbs the energy and melts or vaporizes.
b) The metal reflects all the light, preventing any effect.
¢) The laser beam passes through without interaction.

d) The metal changes color permanently but does not heat up.

28. What does “wavelength” determine in a laser?
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a) The amount of power the laser emits
d) The color and type of laser light
¢) The speed at which the laser beam moves
d) The ability of the laser to reflect surfaces
29. What property of laser light ensures that the beam stays narrow over long distances?
a) Divergence
b) Coherence
c¢) Dispersion
d) Absorption
30. Which laser characteristic is responsible for high precision in industrial applications?
a) Random emission of light
b) Low energy output
c) Directionality and coherence
d) Large beam divergence
31. What is the main function of laser surgery?
a) To generate heat for thermal imaging
b) To precisely cut or remove tissues
c¢) To capture images of internal organs
32. What is the primary benefit of endoscopy?
a) It uses radiation to scan the body
b) It allows non-invasive internal examination
¢) It provides high-energy treatment for cancer
33. What is photodynamic therapy (PDT) used for?
a) Destroying cancer cells using light-sensitive drugs and lasers
b) Generating high-energy X-rays
c¢) Producing 3D images of organs
34. What type of radiation is used in radiotherapy to treat cancer?

a) Microwaves
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b) Gamma rays
c) Ultraviolet rays
35. Which of the following is not a characteristic of a photon?
a) It has no mass
b) It carries electromagnetic energy
¢) It moves slower than the speed of light
36. What is the main use of infrared thermography?
a) To measure temperature differences in the body
b) To produce high-resolution 3D images
c¢) To detect fractures in bones
37. What is the purpose of predictive maintenance in industrial automation?
a) To repair equipment after significant downtime
b) To identify potential faults before they occur
c¢) To eliminate regular inspections
d) To reduce the efficiency of automated systems
38. How does integration benefit information-measuring systems?
a) By isolating each system component
b) By combining multiple systems for unified operation
¢) By minimizing the number of sensors used
d) By enhancing the complexity of processes
39. What is the main advantage of using smart factories in industrial automation?
a) Manual adjustments to production lines
b) Independent operation without external communication
c¢) Dynamic adaptation to changing production demands
d) Replacement of all measuring devices with basic tools
40. Which of the following best describes feedback in automated systems?

a) Input data generated by external users
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b) Information returned to adjust or improve operations
c) Static measurements that remain unchanged
d) Irrelevant data discarded during processing
41. Find the Correct Sentence Translation - Regular maintenance ensures that
measurement instruments continue to provide accurate and reliable data.
a) PerynsipHe oO6ciyroByBaHHs 3a0e3Meuy€e TOUYHICTh Ta HaIIMHICTh BUMIPIOBAHb.
b) ITocTiliHi eKCTIEPUMEHTH 3 IPHJIaJaMU TaAPAHTYIOTh OTPUMAaHHS HOBUX JaHUX.
¢) TectyBaHHS BUMIPIOBAJIBLHUX CHCTEM 3aBXKIH JIa€ HAWTOYHIIII PE3YJIBTATH.
d) Texniune 0OCIYyroByBaHHS MPWIA/IIB HE BIUTMBAE HA 1X TOUYHICTb.
42. Find the Correct Sentence Translation - Feedback loops in automation systems
allow for real-time adjustments to ensure consistent performance.
a) 3BOpOTHI 3B’S3KM B aBTOMAaTH30BaHHMX CHUCTEMax JONOMAralTh YHUKATH
HECIPABHOCTEM.
b) Iletni 3BOPOTHOrO 3B’A3KYy B aBTOMATH30BAaHMX CHCTEMax JO3BOJISIIOThH
KOPUTYBATH MPOIECH B peaJIbHOMY Yaci.
c) ABToMaru3amis 3a0e3nedye 3BOPOTHUU 3B'I30K JIMIIE IS TEPiOAUIHOTO
KOPUTyBaHHSI.
d) ¥V peanbHOoMYy yaci 3BOpOTHIH 3B'I30K HE BIJTUBAE HA aBTOMATH3ALIIIO.
43. What is the main purpose of real-time monitoring in production systems?
a) To predict changes in weather conditions
b) To observe and assess equipment performance continuously
c¢) To disconnect machinery from networks
d) To delay system feedback
44. How does optimization contribute to the functionality of production systems?
a) By increasing operational inefficiency
b) By improving workflows and resource usage
c¢) By introducing unnecessary processes

d) By reducing system functionality
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45. What advantage does feedback provide in automated systems?
a) It increases manual intervention
b) It offers data to enhance system performance
c¢) It eliminates real-time communication
d) It disrupts system functionality
46. Which statement accurately reflects the purpose of innovation in industrial
automation?
a) To maintain outdated methods
b) To introduce new ideas for improving systems and processes
c¢) To remove technological advancements
d) To reduce system accuracy
47. Find the Correct Sentence Translation - Predictive maintenance improves system
reliability by addressing potential faults before they occur.
a) IlepenbadyBane 0OOCIYrOBYBaHHS ITIIBUIYE HAIIMHICTh CHUCTEMH, YCYBalOUH
MO>KJIMBI 3001 3aBYaCHO.
b) OnTuMizallis 103BOJISIE CUCTEMI TTpalfoBaTH 0e3 Oynb-sKUX 3001B.
¢) MoHiTopuHT 3a0e31neuye 3BOPOTHUHN 3B'SA30K ITi]1 YaC HECTIPABHOCTI.
d) Texniuae oOcyroByBaHHS HE BILIMBA€E Ha pOOOTY MPUCTPOIB.
48. Find the Correct Sentence Translation - Real-time monitoring ensures the immediate
detection of any deviations in equipment performance.
a) CrocTepekeHHS B PEaJIbHOMY 4aci TapaHTye IIBUAKE BUSBICHHS OYIb-sIKAX
BIIXWJICHB Y POOOTI 00JIaTHAHHS.
b) ABTomarm3aiiis cripusie cTabuIbHIN poOOTI CUCTEMHU.
c¢) TounicTh BUMIpIOBaHb HE 3aJI€KUTH BiJI Yacy.
d) MosniTopuHT 3a6e3mnedye JIuie NepioandHy NepeBIpKY BIIXUICHb.
49. Find the Correct Sentence Translation - Optimization ensures that algorithms perform

efficiently and reduce resource consumption.
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a) OnruMizanis 3a0e3nedye ePeKTUBHICTh AITOPUTMIB Ta 3HUKYE BUKOPHUCTAHHS
pecypcis.
b) Po3poOka anropuTMiB yCKIaIHIOE poOOTY IPOrPaMHOTro 3a0e3eUeHHS.
C) BnpoBaykeHHs: anropuTMiB MIABUIIYE CKIAJIHICTh aBTOMAaTHU3AIlli.
d) EQekTUBHICTh CHCTEM HE 3aJIC)KUTh BiJ ONTUMI3aIlii.
50. Find the Correct Sentence Translation - Flash simulations allow developers to test and
refine automated workflows visually.
a) Cumynsuii 'y Flash no3BonsitoTe po3poOHHMKAM Bi3yalbHO TECTYBaTH Ta
BJIOCKOHAJIIOBATH PoOOY1 MPOIIECH aBTOMATH3aIl11.
b) Flash He BukopucToByeThCS U1 pOOOTH 3 ABTOMAaTU30BAHUMHU CUCTEMaMHU.
C) Bisyanpni cumyssnii y Flash 3Hauno yckaaaHiOIOTE Mpoiiec aBToMaTrU3arii.

d) Cumymnsnii y Flash BukopucToByOThCSI BUKITFOUHO /17151 pO3BaTr.
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ABBREVIATIONS

BIPM the International Bureau of Weights and Measures
OIML The International Organization for Legal Metrology
NIST
National Institute of Standards and Technology

CIPM the Comité International des Poids et Mesures

Si The International System of Units
APMP Asia Pacifc Metrology Program

EURAMET European Association of National Metrology Institutes
AFRIMETS Intra-Africa Metrology System

LASER Light Amplification by Stimulated Emission of Radiation
LMP Laser Material Processing

MRI Magnetic Resonance Imaging

OCT Optical Coherence Tomography

CT Computed Tomography

PDT Photodynamic Therapy

CMM Coordinate Measuring Machine

FAI First Article Inspection

Gage R&R Gage Repeatability and Reproducibility

SRS Spatial Reference System

MATLAB Matrix Laboratory

AutoCAD Automatic Computer-Aided Design

LabVIEW Laboratory Virtual Instrument Engineering Workbench
ARM Advanced RISC Machine

Intel Integrated Electronics (name of a well-known

microprocessor manufacturer)
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https://en.wikipedia.org/wiki/National_Institute_of_Standards_and_Technology

RISC Reduced Instruction Set Computing
loT Industrial Internet of Things
Al Artificial Intelligence
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GLOSSARY OF METROLOGICAL TERMS
A
Accuracy
The closeness of a measured quantity to the actual quantity that was measured, the
measurand. Sometimes thought of as a tolerance range on a measurement’s value. Often
used colloquially as a synonym for uncertainty of measurement.
Alignment
The state or orientation of an object or feature with respect to the act of putting an object
or feature into a desired state or orientation. Example alignments include: setting several
bearings supporting a shaft in a line (or not quite a line); mounting aircraft sensors in a
specific direction with respect to an aircraft’s navigation system; bore-sighting weapons
mounted on aircraft; best-fitting point cloud data to a set of surfaces.
As-built
Or the As-built condition. Refers to the actual dimensions of a part or assembly as it was
manufactured. Also sometimes called “As-found”. In reverse engineering, as-built models
or drawings do not try to divine design intent. They try to exactly portray a part exactly as

it is, including defects.

B

Ball-bar

A precision fixture that can be used as a standard of length. Ball-bars are often built with
precision nests to accept Sphere Mounted Reflectors or precision ball bearings to aid in
checking or calibrating laser trackers and CMMs.

Boresighting

This term refers to an old method for setting sights on a firearm, in which the bolt or part
of the action was removed and a target point was viewed alternately through the bore and

through the sights while adjustments were made until the sights pointed at the target point.
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The term Boresighting today has been expanded to include determining the primary axis
of a directional antenna, and aircraft weapons harmonization. Many techniques now exist

including the use bore mounted lasers or laser trackers.

C

Calibration

“Calibration is the operation that, under specified conditions, establishes a relationship
between the quantity values with measurement uncertainties provided by measurement
standards and corresponding indications with measurement uncertainties.” (VIM) Thus,
calibration involves measurements and comparisons, not an actual adjustment. For
metrology, the formal comparison is of measuring equipment against a standard of higher
level (a national standard defined in the U.S. by NIST) under controlled and specified
conditions to document the accuracy of the instrument being compared.

CMM

This acronym stands for Coordinate Measuring Machine. These machines measure parts
through the acquisition of points.
Many types of CMMs exist, traditional 3 axis contact probing machines, articulated arm
CMMs, and laser trackers are a few examples. Laser scanners or “white light” scanners
are other examples that don’t require contact with the measured part. CMMs are often
run with software that can compute features such as planes, cylinders, and lines from the

measured points.

D

Datum

In metrology, a datum is simply an idealized reference feature from which another
features’ orientation, position, or other characteristic is defined. Datums can be many
types of features, planes, cylinders, points, centerlines, constructions or offsets from other

features, anything that can be measured or established for use in locating other features.
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Although the plural form of datum is really data, many people, including the author, uses
datums as the plural in this application.

Datum Feature

A datum feature is the measured or contacted feature which establishes a datum. It is an
actual point, line or surface on the part being measured.

Dimensional Inspection

The process of characterizing an object’s size and shape through measurements of points,
lengths, and volumes. Usually such an inspection results in a report comparing the
measured object to another object, an idealized object, or a previous state of the object.
Dimensional Metrology

The study or practice of high precision measurements to quantify physical sizes,
orientations, and distances of objects and shapes.

Discrimination Threshold

“The largest change in a value of a quantity being measured that causes no detectable
change in the corresponding indication. NOTE: Discrimination threshold may depend on,
e.g. noise (internal or external) or friction. It can also depend on the value of the quantity
being measured and how the change is applied.” (VIM)

Dimensional inspection

A method that involves measuring a part’s dimensions by way of a 3D laser tracker or
scanner. There are several types of dimensional inspection services depending on the type
of measurements that a project requires. Services offered by ECM: First Article
Inspection, In-Line and In-Process Testing, As-Built Inspection as well as Calibration and

Certification of machines, tooling and fixtures.

E
Error
The difference between the measured value and the actual value.

Expanded Uncertainty
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A broader uncertainty range obtained by applying a coverage factor.
Extensometer

An instrument used to measure strain in materials.

Extraneous Influence

Any external factor that affects measurement accuracy.

Eutectic Point

The lowest melting temperature of a specific alloy.

F

First Article Inspection (FAI)

As the name implies, first article inspection is usually performed on one or more of the
first parts in production. The inspection is usually exhaustive, covering every dimension
on the drawing, and provides a final verification of the manufacturing process. After the
first article is proved out, subsequent parts are often inspected less exhaustively to save
time and money.

Free-Form Shapes

In metrology, this refers to surfaces with unconventional or continuously varying shapes

like bones, customized molds, boat hulls, or the sculptures of Henry Moore.

G

Gantry CMM

A gantry CMM has the measurement head mounted on a beam that overhangs and spans
the measurement table. The head can move both vertically and side to side along the
beam, providing two axes of motion. The third axis can be generated by moving either
the towers that support the beam along a fixed table, or moving the measurement table
between the towers.

Gage R&R (Gage Repeatability and Reproducibility)

A set of repeated measurements used to determine the fitness of a gage or other measuring
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instrument for a specific function. The test tries to account for the effects of equipment,
method, and operator in an estimate of precision and uncertainty by having a number of
operators use the equipment to measure a reference standard or part.

GD&T

Geometric dimensioning and tolerancing is a system and symbolic language for describing
the permissible limits, or tolerances, in a part’s physical dimensions and measured values.
In the United States the standard describing GD&T is ASME Y14.5. In Europe ISO has
a series of standards that cover the same material. The ASME and I1SO standards use the

same symbols, but interpretations are slightly different in some cases.

I

Influence Quantity

A quantity that, in a direct measurement, does not affect the quantity that is actually
measured, but affects the relation between the indication and the measurement result. An
example in laser tracker work would be air temperature and humidity.

Instrumental Drift

Drift Change in a measured value, “related neither to a change in the quantity being
measured nor to a change of any recognized influence quantity.” (VIM)

Instrumental Uncertainty

A component of measurement uncertainty arising from the measuring instrument or

measuring system in use, and obtained by its calibration.

L

Laser Scanning

Using laser measurement systems to digitally capture the geometry of a product or part
without contact between a probe and the part surface. The laser scanner will measure and
record thousands or even millions of data points from a part’s surface or a large

area. Laser scanning is done on objects ranging in size from several inches to over 100
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feet. These points, often called a point cloud, can then be used for comparison to
customers’ CAD models or to reverse engineer 3D models.

Laser Tracker

One form of portable CMM, a laser tracker can measure large objects or spaces with a
relatively high degree of accuracy. The typical laser tracker uses two rotary encoders and
a laser ranging system to make measurements at the center of an SMR which is placed on
the project or at the point of interest. Measurements are therefore limited by line of sight
between tracker and SMR, and the tracker’s range. Depending on the tracker and
measurement conditions measurements can be made 100 yards or more from the tracker
head.

A 3d laser tracker can be used in measuring, aligning and even calibrating automated
measurement systems, large and small parts, complex surfaces and even immobile

manufacturing machinery.

M

Maximum Permissible Error

There are a few synonyms for this term but all pertain to measurements and limits of error.
The “extreme value of measurement error, with respect to a known reference quantity
value, permitted by specifications or regulations for a given measurement, measuring
instrument, or measuring system.

Measurement Result

Any quantities attributed to a measurand from a measurement together with other relevant
information. Environmental conditions or measurement uncertainty are two examples of
other relevant information.

Measurement Traceability

Also known as “metrological traceability.” This is simply how metrologists connect to the
standard by which they measure. That standard in the U.S. is set and defined by NIST.

Picture links in a chain. Each link represents a comparison that pertains to an instrument
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or tool’s measurements to a NIST defined standard or requirement. Because ECM
calibrates to a NIST traceable standard, ECM can determine the precision and accuracy
of a tool or instrument.

Measurement Uncertainty

An estimate of the uncertainty of a measurement. Usually comprised of instrumental
uncertainty, and a number of other factors such as procedural uncertainty, and
environmental uncertainty.

Measuring System

A set of one or more measuring instruments and often other devices, including any reagent
and supply, assembled and adapted to give information used to generate measured
quantity values within specified intervals for quantities of specified kinds.

Metrology

The science of measurement and how measurements are used. Used to measure and verify
an objects dimensional quality.

Measurand

Any quantity being measured. The term applies to any type of measurement, mass, force,
luminosity, etc. in dimensional metrology, one could also call an object or a feature of an
object being measured a measurand and be understood.

Mesh

1. A type of model consisting of small usually triangular planar surface patches that
approximate an object’s shape. It is much like an STL model. This type of model is often
produced from scanned data and may be used as an intermediate step to a Nurbs surface
model.

2. Occasionally used to describe Nurbs surfaces because the mathematical model of a
surface can be thought of as a series of intersecting curves that lie in the surface.

Micron or Micrometer (um)

A unit in the metric system equal to one millionth of a meter or approximately 0.00003937
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inches. It is commonly used to describe the uncertainty of precision measuring machines.

N

Noise

At ECM, we use “Noise” to refer to incorrect data within a point cloud generated during
a laser scanning. Reflections from dust in the air, errant reflections from corners, surface
texture, or highly reflective surfaces are sources of noise.

Nominal Dimensions

In dimensional metrology Nominal Dimensions are the dimension values given on a
drawing or in a computer model. Measured values are compared to nominal to determine
whether a part conforms to its design.

Non-Contact Measurement

This is simply the practices of taking an object’s measurements without making physical
contact with it. Often called scanning. Non-contact measurements can be used to
measure an object with a delicate surface or weak structure that could not otherwise stand
up to contact measuring.

Non-Parametric Model

Also known as a “dumb model”, this is a 3D CAD model whose shape cannot usually be
edited as easily as a parametric model. Commonly available file formats for porting files
between CAD programs like IGES or STEP typically produce dumb models.

NURBS

With a full name of Non Uniform Rational B-Spline, this refers to NURBS curves and
surfaces. The name comes from the mathematical technique used to model the curve or

surface. It is one of the more common ways to model freeform geometry.

O
Outlier

A point which lies outside the expected range of variation for data. In scan data outliers
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are usually removed during post-processing of the point cloud using statistical
algorithms. Sometimes the scanning instrument and software remove them during the
point cloud acquisition. In data generated by CMM or laser trackers, outliers are
considered for removal on a case by case basis, because the data is often too sparse for
statistical methods and because the operator can usually tell by visual observation or
confirming measurements if an outlier accurately represents the part or was acquired

incorrectly, perhaps by probing debris on the surface instead of the surface itself.

P

Parametric Model

A parametric model is a CAD model that, can be edited and changes will propagate
through the model automatically preserving the relationships between features. Typically
these models can only be edited in the CAD program that created them.
Photogrammetry

Non-contact imagery that takes 3D coordinate measurements (XYZ) through
photographs.

Point Cloud

A type of data consisting of many points in 3D space. The number of points may run from
hundreds or thousands in the case of a CMM or laser tracker, to hundreds of millions, or
even more points in the case of a laser scanner. Point cloud data can be compared to a
CAD model or used to reverse engineer an object.

Polygonal Modeling

A CAD model using small planar surfaces to approximate the shape of a surface. The
surfaces are usually triangular and the model is quite similar to an STL model.

Precision

How close one measurement result will be to another result or set of results. Precision

should not be mistaken for accuracy. A precise instrument could give a consistently
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erroneous result. The term precision is often used as a synonym for an instrument’s
repeatability.

Probe

A device attached to a CMM that is used in taking measurements. Typical CMMs have
contact probes (called touch probes) but a probe can be non-contact like a portable CMM

laser scanner.

R

Reference Model

Typically a CAD model, but occasionally a physical master, against which data on a
measured part is compared.

Repeatability

A measurement system’s precision under a set of measurement conditions, the
repeatability condition.

Reproducibility

Measurement precision under the Reproducibility Condition of Measurement.
Repeatability Condition

In contrast to the Repeatability Condition of Measurement, the Reproducibility Condition
specifies different measuring systems, locations, operators, and environmental conditions
for measurement.

Resolution

1. (of a measuring instrument or system) Smallest change in a quantity being measured
that causes a perceptible change in the corresponding indication. Resolution can be
affected by internal or external factors like noise, friction, or temperature. The value of
the measurand may also affect resolution. Not to be confused with definition 2.
2. (of a displaying device) Smallest difference between indications that can be

meaningfully distinguished or the number of digits in a digital display.
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Reverse Engineering

This process involves producing a drawing or 3D digital representation of a pre-existing,
tangible object usually via CAD, CAE or CAM type software. At ECM, the object is
measured with a 3D laser scanner, the generated point cloud data is transferred into a
NURBS surface or triangular mesh or a number of other options. From this point, the 3D

digital CAD model is reconstructed to look like the original object that was laser scanned.

S

Scan Density

Laser scan density refers to the proximity between 3D coordinates in a given data point
cloud.

Scan Speed

This refers to a laser scanner’s speed regarding the collection of 3D coordinates. The speed
Is measured in points per second or even millions of points per second.

Spatial Reference System (SRS)

This is another name for a coordinate reference systems (CRS) that captures geo-location
entities. This would be considered a civil engineering term or a term used in the utility

field more so than in dimensional metrology.

T
Temperature Compensation

This is something to consider when using a CMM. If using a CMM in less than ideal
weather or within extreme temperatures, the CMM will swell or contract. To prevent in
accuracy, this behavior needs to be considered when taking a 3D measurement unless the
measurement system was built to prevent this and is highly accurate.

Tooling Ball

A close tolerance sphere, usually on a precision shouldered shank used in aligning or

locating parts or assemblies.
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U
Uncertainty

See Measurement Uncertainty.

\%

Validation

Demonstration by test or analysis that an instrument, system, or procedure is fit for a
certain task.

Verification

The proof, by means of objective evidence, that an item meets its specification
requirements. In dimensional inspection the object’s dimensions would be measured and

compared to the drawing or CAD model of the object.
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	- How can Python and Flash assist in creating adaptable algorithms?
	- Discuss the role of libraries and frameworks in overcoming these challenges.
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	The difference between the measured value and the actual value.
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	A broader uncertainty range obtained by applying a coverage factor.
	Extensometer
	An instrument used to measure strain in materials.
	Extraneous Influence
	Any external factor that affects measurement accuracy.
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	The lowest melting temperature of a specific alloy.
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