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ВСТУП 

 

Дані методичні вказівки щодо виконання практичних занять з навчальної 

дисципліни «Cпецкурс англійської мови» призначені для студентів денної 

форми навчання зі спеціальності 151  «Автоматизація та комп’ютерно-

інтегровані технології» за освітньо-професійною програмою «Комп’ютерно-

інтегровані технологічні процеси і виробництва» освітнього ступеня «Магістр». 

Мета вказівок – надати студентам допомогу у формуванні іншомовної 

комунікативної компетентності у сфері професійного спілкування, що 

обумовлюється метою викладання навчальної дисципліни «Cпецкурс 

англійської мови»  й основними завданнями вивчення цієї дисципліни, а саме: 

формування лексичного запасу з окреслених тематичними модулями тем; 

розвиток уміння висловлювати свою думку як усно, так і в письмовій формі; 

вести бесіду з професійних тем; презентувати результати своїх розробок; вільно 

читати, розуміти й обговорювати тексти з визначеної тематики. 

Вправи та завдання спрямовані на активізацію лексичного та 

граматичного матеріалу, розширення словникового запасу за тематикою 

змістових модулів.  

Згідно з вимогами освітньо-професійної програми студенти повинні 

знати: 

– загальновживані терміни та словосполучення з тем тематичних модулів;  

– граматичні ресурси англійської мови;  

– правила словотвору;  

уміти: 

– висловлювати свою думку як усно, так і в письмовій формі; 

– вести бесіду на теми тематичних модулів; 

– вільно читати, розуміти й обговорювати професійні тексти; 

– презентувати результати своїх розробок. 
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1 ПЕРЕЛІК ПРАКТИЧНИХ ЗАНЯТЬ 

 

Практичні заняття № 31–33 

Тема 11 Automatic Control Concept. Cause-and-Effect Sentences 

Мета: ознайомити студентів з теоретичними відомостями, закріпити 

знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Cause and effect is a relationship between events or things, where one is the 

result of the other or others. This is a combination of action and reaction.   

Consequently (adverb) and as a result (prepositional phrase) 

are connectives that transition the reader from the idea expressed in one clause to the 

idea expressed in the next clause. These connectives are followed by a clause 

expressing the effect of situation stated in the clause before it. A comma separates the 

adverb from the clause.  

Because (since, as, though) and because of (due to, on account of) are 

connective prepositions that relate additional, nonessential information to the main 

clause.  Because is complemented by a clause and because of is complemented by a 

noun phrase (NP) that states a reason (cause) for the effect stated in the main clause. 

Both verbs, cause and result, are used in the active form  to relate an effect. 

The verb cause focuses on the source, while the verb+prep. result in focuses on the 

result.  Result is always followed by a prepositional phrase (in). 

Poor childhood education causes illiteracy.   

Poor childhood education results in illiteracy.   

Both verbs, cause and result,  relate a cause. Cause may be used in the passive 

form with a by phrase. Resultdoes not take the passive. It is followed by a 

prepositional phrase (from).    

Illiteracy is caused by poor childhood education.  

Illiteracy results  from  poor childhood education.  

  

http://www.yourdictionary.com/causality
http://www.yourdictionary.com/causality


 6 

Summary of Cause–Effect Words 

SO + CLAUSE SO/SUCH…THAT 

+ CLAUSE 

BECAUSE + 

CLAUSE 

CONSEQUENTL

Y+ CLAUSE 

So relates (is 

complemented 

by) a clause that 

expresses an 

effect (result) for 

the situation 

expressed in the 

main clause. A 

comma usually 

separates the 

clause from the 

main clause. 

So and such are 

intensifiers that 

combine with other 

modifiers to 

express a 

remarkable 

situation, which is 

followed by that + 

clause that 

expresses an effect.  

So(Adv) modifies 

an adjective or 

adverb in the 

cause-clause. Such 

(Adv) modifies an 

AdjP + NP in the 

cause-clause. 

Because, 

as, since, though, 

and others are 

followed by an 

djunct clause 

expressing 

reason/cause. The 

cause-clause may 

be placed before 

or after the 

effect-clause. 

Consequently 

and For this 

reason express a 

relationship 

between two 

clauses. The 

word(s) 

transition the 

reader or listener 

from the main 

idea in one 

clause to the idea 

in the next 

clause. The 

transition is a 

supplement to 

the sentence and 

is separated by a 

comma. 

So is a 

connective 

adverb, also 

called a 

coordinating 

conjunction in 

other grammar 

systems. 

So and such are 

degree adverbs 

(intensifiers) 

followed by that, a 

subordinator, and a 

content clause (also 

called an adverbial 

clause, 

subordinated 

clause, or that-

clause). 

Because and 

others are adjunct 

prepositions, also 

called an 

adverbial, a 

subordinating 

conjunction, or 

along with its 

clause is called 

an adverbial 

clause.  

Consequently is 

a connective 

adverb also 

called a linking 

adverb, 

connective 

adjunct or a 

conjunctive 

adverb. For this 

reason is a 

supplemental 

prepositional 

phrase 

He saw starving 

children, so he 

helped 

them.[effect/result] 

He helped, for 

he knew they 

could survive. 

[cause/reason] 

He raised so much 

money that he could 

open a "food bank". 

He raised such a 

large amount of 

money that he could 

open a "food bank". 

He raised enough 

money that he 

The children 

survived because th

ey received help. 

Because they 

received help, the 

children survived. 

The children 

survived because 

of the help. (noun 

People 

helped. Conseque

ntly, the children 

survived. 

People helped. For 

this reason, the 

children survived. 

People helped; as 

a consequence, the 

http://www.grammar-quizzes.com/adv_degree.html
http://www.grammar-quizzes.com/adv_degree.html
http://www.grammar-quizzes.com/subordinators.html
http://www.grammar-quizzes.com/subordinators.html
http://www.grammar-quizzes.com/clause.html
http://www.grammar-quizzes.com/adv_connective.html
http://www.grammar-quizzes.com/adv_connective.html
http://www.grammar-quizzes.com/adv_connective.html
http://www.grammar-quizzes.com/adv_connective.html
http://www.grammar-quizzes.com/19-1.html#nounphrase
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could open a "food 

bank". 

phrase) children survived. 

CAUSE 

for (reason or 

cause) 

rarely used, 

very formal 

so…   (emphasis on 

cause) 

such… (emphasis on 

cause) 

enough…that 

sufficiently…that 

because, since, 

now that, as, as 

long as, 

inasmuch as, 

because of, due 

to, owing to, on 

account of, 

despite, if only 

because 

For this reason, For 

all these reasons 

EFFECT 

so (result) …that   (effect) 

…that   (effect) 

so that (purpose-

result) 

in order   

(purpose-result) 

Therefore, 

Consequently, As a 

consequence, As a 

result, Thus 

 

Завдання до теми 

To understand automatic process control, you must first fix in your mind three 

important terms that are associated with any process: controlled quantities, 

manipulated quantities, and disturbances. The controlled quantities (or controlled 

variables) are those streams or conditions that the practitioner wishes to control or to 

maintain at some desired level. These may be flow rates, levels, pressures, 

temperatures, compositions, or other such process variables. For each of these 

controlled variables, the practitioner also establishes some desired value, also known 

as the set point or reference input. 

For each controlled quantity, there is an associated manipulated quantity or 

manipulated variable. In process control this is usually a flowing stream, and in such 

cases the flow rate of the stream is often manipulated through the use of a control 

valve. Disturbances enter the process and tend to drive the controlled quantities or 

controlled variables away from their desired, reference, or set point conditions. The 

automatic control system must therefore adjust the manipulated quantities so that the 

set point value of the controlled quantity is maintained in spite of the effects of the 

disturbances. Also, the set point may be changed, in which case the manipulated 

http://www.grammar-quizzes.com/19-1.html#nounphrase
http://www.grammar-quizzes.com/8-3punc.html
http://www.grammar-quizzes.com/8-8.html
http://www.grammar-quizzes.com/8-8.html
http://www.grammar-quizzes.com/19-1.html
http://www.grammar-quizzes.com/19-1.html
http://www.grammar-quizzes.com/9-1.html
http://www.grammar-quizzes.com/9-1.html
http://www.grammar-quizzes.com/9-1.html
http://www.grammar-quizzes.com/9-1.html
http://www.grammar-quizzes.com/9-1.html
http://www.grammar-quizzes.com/19-1.html
http://www.grammar-quizzes.com/19-1.html
http://www.grammar-quizzes.com/19-1.html
http://www.grammar-quizzes.com/19-1.html
http://www.grammar-quizzes.com/19-1.html
http://www.grammar-quizzes.com/19-1.html
http://www.grammar-quizzes.com/19-1.html
http://www.grammar-quizzes.com/19-2.html#ifonlybecause
http://www.grammar-quizzes.com/19-2.html#ifonlybecause
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/8-8.html
http://www.grammar-quizzes.com/8-8.html
http://www.grammar-quizzes.com/8-8.html
http://www.grammar-quizzes.com/infinitive3d.html
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/19-2.html
http://www.grammar-quizzes.com/19-2.html
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variables will need to be changed to adjust the controlled quantity to its new desired 

value. 

In such a system, the controlled variable is room temperature. (Your intent, of 

course, is to maintain creature comfort in the room, and you control “comfort” by 

controlling a variable that can be measured easily, such as temperature.) A number of 

disturbances cause room temperature to vary, for example, outside ambient 

temperature, the number of people in the room, the type of activity taking place in the 

room. The automatic control system is designed to manipulate the fuel flow to the 

furnace in order to maintain room temperature at its desired value or set point in spite 

of the various disturbances. 

Typical Manual Control 

Before studying automatic process control, it is helpful to spend a moment or 

two reviewing a typical manual operation. On the stream leaving the process, there is 

an indicator to provide the operator with information on the current actual value of 

the controlled variable. The operator is able to inspect this indicator visually and, as a 

result, to manipulate a flow into the process to achieve some desired value or set 

point of the controlled variable. The set point is, of course, in the operator’s mind, 

and the operator makes all of the control decisions. The problems inherent in such a 

simple manual operation are obvious. 

Feedback Control 

The simplest way to automate the control of a process is through conventional 

feedback control. Sensors or measuring devices are installed to measure the actual 

values of the controlled variables. These actual values are then transmitted to 

feedback control hardware, and this hardware makes an automatic comparison 

between the set points (or desired values) of the controlled variables and the 

measured (or actual) values of these same variables. 

Based on the differences (“errors”) between the actual values and the desired values 

of the controlled variables, the feedback control hardware calculates signals that 

reflect the needed values of the manipulated variables. These are then transmitted 
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automatically to adjusting devices (typically control valves) that manipulate inputs to 

the process. 

The beauty of feedback control is that the designer does not need to know in 

advance exactly what disturbances will affect the process, and, in addition, the 

designer does not need to know the specific quantitative relationships between these 

disturbances or their ultimate effects on the controlled variables. To a very significant 

extent, this standard pattern exists regardless of the specific nature of the process or 

the controlled variable involved. 

The particular hardware used in a loop and the particular matching of one hardware 

piece to another is an important responsibility for the designer, but the overall control 

strategy is always the same in feedback control. 

Such feedback control is the simplest automatic process control technique that 

can be used, and it represents the basis for the vast majority of industrial applications. 

Manual Feedforward Control 

Feedforward control is much different in conception from feedback control. As 

a disturbance enters the process the operator observes an indication of the nature of 

the disturbance, and based on that entering disturbance the operator adjusts the 

manipulated variable so as to prevent any ultimate change or variation in the 

controlled variable caused by the disturbance. The conceptual improvement offered 

by feedforward control 

is apparent. Feedback control worked to eliminate errors, but feedforward control 

operates to prevent errors from occurring in the first place. The appeal of feedforward 

control is obvious. 

Feedforward control does escalate tremendously the requirements of the 

practitioner, however. The practitioner must know in advance what disturbances will 

be entering the process, and he or she must make adequate provision to measure these 

disturbances. In addition, the control room operator must know specifically when and 

how to adjust the manipulated variable to compensate exactly for the effects of the 

disturbances. If the practitioner has these specific abilities and if they are perfectly 

available, then the controlled variable will never vary from its desired value or set 
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point. If the operator makes some mistake or does not anticipate all of the 

disturbances that might affect the process, then the controlled variable will deviate 

from its desired value, and, in pure feedforward control, an uncorrected error will 

exist. 

Automatic Feedforward Control 

Disturbances are shown entering the process, and sensors are available to 

measure these disturbances. Based on these sensed or measured values of the 

disturbances, the feedforward controllers then calculate the needed values of the 

manipulated variables. Set points that represent the desired values of the controlled 

variables are provided to the feedforward controllers. 

It is clear that the feedforward controllers must make very sophisticated 

calculations. These calculations must reflect an awareness and understanding of the 

exact effects that the disturbances will have on the controlled variables. With such an 

understanding, the feedforward controllers are able then to calculate the exact amount 

of manipulated quantities required to compensate for the disturbances. 

These computations also imply a specific understanding of the exact effects 

that the manipulated variables will have on the controlled variables. If all of these 

mathematical relationships are readily available, then the feedforward controllers can 

automatically compute the variation in manipulated flows that is needed to 

compensate for variation in disturbances. The escalation in the theoretical 

understanding required is obvious. Feedforward control, while conceptually more 

appealing, significantly escalates the technical and engineering requirements of the 

designer and practitioner. As a result, feedforward control is usually reserved for only 

a very few of the most important loops within a plant. While the number of 

applications is small, their importance is quite significant. 

Контрольні питання 

1. Consider an electric oven in a typical modern kitchen. Identify the controlled 

variable, the manipulated variable, and the disturbances. 

2. Consider an automatic gas-fired, home hot-water tank. Identify the 

controlled variable, the manipulated variable, and the disturbances. 
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3. Imagine you own a backyard swimming pool! Describe a manual control 

system to measure pH and to add an acidic solution to adjust pH. Define the 

controlled variable, the manipulated variable, and the disturbances. 

4. Now automate the control of your swimming pool! Assume you have a tank 

of acid solution to pump into your pool to control pH; use feedback control. 

5. The “Cruise Control” feature used to control speed in an automobile is a 

good example of feedback control. Outline its operation in terms of feedback control. 

Література: [8, с. 32–75; 9, с. 18–62]. 

 

Практичні заняття № 34–36 

Тема12 Automatic Control Systems. Comparing and contrasting 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Comparing and contrasting 

1. Comparing features which are similar: 

 Both cameras have lenses. 

 Like the conventional camera, the digital camera has a viewfinder. 

2. Contrasting features which are different: 

 The conventional camera requires chemical processing whereas the digital 

camera does not. 

 The conventional camera uses film unlike the digital camera. 

 With a digital camera you can transfer images directly to a PC but with a 

conventional camera you need to use a scanner. 

 With digital cameras you can delete unsatisfactory images; however, with 

conventional cameras you cannot. 
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Types of Comparisons 

 

as ... (positive degree) ... as 

not so as ... (positive degree) ... as 

such a(n)  ... as 

 

 

twice (three times etc., half) as …(positive 

degree)... as 

the same as 

 

look, sound, smell, taste + like 

 

less (more) ... (positive degree)... than  

the least (most) ... (positive degree)... of/in 

 

 

the + comparative .... the + comparative 

 

prefer + -ing form or noun + to + -ing 

form or noun (general preference) 

 

 

 

His bands were as cold as ice. 

It is not so as cold as it was yesterday. 

This is not such an interesting book as his last 

one. 

 

Their house is twice as big as ours. His car 

cost half as much as mine. 

Your jacket is the same as the one I bought last 

month. 

She looks like an angel 

 

The green sofa is less expensive than the black 

one, but the blue one is the least expensive of 

all.  

 

The sooner you start, the sooner you'll finish. 

The richer you are. the more friends you have. 

 

I prefer watching TV to going out. I prefer 

lemonade to cola. 

 

Завдання до теми 

 Control theory was developed to support the emergent activity of automatic 

control. It is therefore a useful motivation to turn our attention to automatic control. 

Although automatic control is nowadays a complex discipline, no longer 

primarily concerned with the replacement of human operators, it is a useful starting 

point to consider what sort of skills are necessary to move from an existing, manually 

controlled situation to a new automatically controlled situation. 

(1) A central idea of control theory is the control loop. All control loops have the 

same basic form, regardless of the particular application area. Thus, control theory 

uses an application-independent notation to convert all control problems into the 

same standard problem.We can consider that control theory concentrates on studying 

the universal situations that underlie all applications of quantitative control. In 

broadest form. The decisions govern actions that are taken. The effect of the actions 

is reported back by the information channel. Further decisions are taken and the loop 

operates continuously as described. A control loop provides an extraordinarily 
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powerful means of control but, at the same time, the existence of the loop always 

brings the possibility of the potentially very destructive phenomenon of instability. 

(2) All control loops are error driven, where error is defined as the difference between 

the behaviour that is desired and the behaviour that is measured. 

(3) An important performance measure for a control system relates to rate of error 

reduction. Often, performance is quoted in terms of the highest frequency that the 

control system can follow, when required to do so. 

(4) All control loops tend to become unstable as higher and higher performance is 

sought. A good understanding of the topic of stability is central to understanding 

control theory. 

Requirements for an automatic control system 

If it is possible to synthesise the best possible actions continuously by some 

sort of algorithm, then we have arrived at automatic control. 

In the best known and simplest form of automatic control, the desired behavior is 

specified as a requirement that the measured system response (say y) should 

continuously and closely track a required system response (say v) that is input by the 

system user. 

Of course, v may be constant or even always set equal to zero. In such cases, an 

automatic control system has the task of keeping a measured value of y always equal 

to the specified constant value of v, despite the presence of disturbing influences. 

These general requirements of an automatic control system are shown in Figure 2.4. 

Moving more towards the realisation of a practical system, Figure 2.5 results. 

It is clear that the success of the scheme presented in Figure 2.5 depends on the 

disturbances w being measurable and on the existence of an accurate quantitative 

understanding of the system to be controlled, for otherwise the ‘generator of control 

actions’ cannot be accurately constructed. (Notice that no use is made of any 

measurement of the response.) 
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Контрольні питання 

1. Which are requirements for ACS? 

2. What is a realization of ACS? 

Література: [8, с. 102–155; 9, с. 100–157]. 

 

Практичні заняття № 37–39 

Тема 13 Feedback Control. Modals 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Modals 

Here's a list of the modal verbs in English: 

can could may might will 

would must shall should ought to 

Modals are different from normal verbs: 

1: They don't use an 's' for the third person singular. 

2: They make questions by inversion ('she can go' becomes 'can she go?'). 

3: They are followed directly by the infinitive of another verb (without 'to'). 

Probability 

First, they can be used when we want to say how sure we are that something 

happened / is happening / will happen. We often call these 'modals of deduction' or 

'speculation' or 'certainty' or 'probability'. 

For example: 

It's snowing, so it must be very cold outside. 

I don't know where John is. He could have missed the train. 

This bill can't be right. £200 for two cups of coffee! 

Ability 

We use 'can' and 'could' to talk about a skill or ability. 

  

http://www.perfect-english-grammar.com/would.html
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For example: 

She can speak six languages. 

My grandfather could play golf very well. 

I can't drive. 

Obligation and Advice 

We can use verbs such as 'must' or 'should' to say when something is necessary or 

unnecessary, or to give advice. 

For example: 

Children must do their homework. 

We have to wear a uniform at work. 

You should stop smoking. 

Permission 

We can use verbs such as 'can', 'could' and 'may' to ask for and give permission. We 

also use modal verbs to say something is not allowed. 

For example: 

Could I leave early today, please? 

You may not use the car tonight. 

Can we swim in the lake? 

Habits 

We can use 'will' and 'would' to talk about habits or things we usually do, or did in the 

past.  

For example: 

When I lived in Italy, we would often eat in the restaurant next to my flat. 

John will always be late! 

Завдання до теми 

In automatic control, a device called a controller issues commands that are 

physically connected to a process with the intention to influence the behaviour of the 

process in a particular way. The commands that will be issued by the controller in a 
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particular set of circumstances are completely determined by the designer of the 

controller. Thus, automatic control can be seen to be completely pre-determined at 

the design stage. 

The controller may be driven by time alone or it may be driven in a more 

complex way by a combination of signals. In feedback control, the controller is error 

driven. That is, the controller receives a continuous measurement of the difference 

between required behaviour and actual behaviour and its output is some function of 

this error. 

In this type of system, excellent results can be obtained in practice with very 

simple controllers indeed, even when operating under conditions where the system to 

be controlled is not well understood. Roughly speaking, we can imagine that the 

controller will keep on taking corrective action until the error is reduced to zero. 

An alternative view of the arrangement is that users see an artificially enhanced 

system that has been synthesised to meet their wishes. If we represent the controller 

by an operator D and the system to be controlled by an operator G, we obtain: 

The design task is to specify the controller D, connected to a given process G, 

such that a satisfactory overall performance is obtained. We can imagine that the 

controller modifies the process characteristics in ways chosen by the designer. 

We next assume that there exists a desired hypothetical process H. By suitable 

connection of a controller D to the actual process, are we able to produce a 

configuration that behaves the same as H? 

Here we assume that well-behaved operators can be found to operate on the 

sort of functions that exist in the control loop and possess those other properties of 

associativity and invertibility that are needed to make manipulation valid (i.e. we 

assume that the operators G, D, H are elements in a group). 

Laplace transforms or other techniques can produce these operators for specific 

examples, but for the moment, it is sufficient to know that such operators exist. 

We note and ask: 

D contains G
_1

, the inverse of the plant: 

● This may be of high order. 
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● Is it (G) known? 

● Does it (G) stay constant? 

● If G changes by (say) 10%, will control become very poor? 

(i) Can our requirements be adequately represented by an operator H? 

(ii) How is H chosen? 

(iii) Is it not disturbing that H is not in any way dependent on G? For instance, 

can we turn a low-performance aircraft (G) into a high-performance aircraft (H) 

simply with the aid of a clever algorithm? A simple question, but it leads to a 

valuable conclusion: high performance can rarely be obtained algorithmically but 

almost always requires expensive equipment such as big engines and high power-to-

weight ratios. 

(iv) Does D turn out to be a possible, buildable, robust, practical controller? 

General conditions for the success of feedback control strategies 

By the nature of feedback control, corrective action can only begin once an 

error has been detected. Therefore, close control will only be possible in those cases 

where the rate of corrective action can at least match the rate of disturbance 

generation. This idea, of course, soon leads to requests for high bandwidth of control 

loops to allow, in one way of looking at it, the control loop to successfully synthesize 

a signal equal and opposite to the disturbance signal. 

In many cases, it is not possible to design a closed loop with a high enough 

bandwidth, and then feedback control has to be abandoned or relegated to a 

secondary role. 

Контрольні питання 

1. Which are fundamental concepts of feedback control? 

2. List general conditions for the success of feedback control strategies 

Література: [8, 156–201; 9, с. 158–211]. 
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Практичні заняття № 40–42 

Тема 14 Frequency Response Control. Linking Words 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

about, as far as … is concerned 

1. Do not use about at the beginning of a sentence to introduce a topic. 

2. A s far as x is concerned is used to introduce a new topic in which the dependent 

phrase has a subject that is different from the topic introduced in the previous phrase. 

3. Avoid unnecessary or excessive use of as far as x is concerned . It can often be 

rewritten in a more concise form. 

 

also, in addition, as well, besides, moreover 

1. In addition is used to add an additional positive or neutral comment. also, further, 

furthermore can be used in the same way. 

2. Moreover generally adds an additional negative comment – this is not a rule, but 

seems to be a preference among native English-speaking authors. 

3. Besides and in addition to (both + − ing form) are used at the beginning of a 

sentence which is made up of two parts, in which the second part contains an 
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additional feature or fact to the one given in the fi rst part. besides is not used at the 

beginning of sentence to add an additional idea to the one presented in a previous 

sentence. 

4. As well (as) means the same as also . as well as can be used at the beginning of a 

phrase and takes the - ing form of the verb. as well , but not also , can be used at the 

end of the phrase. 

 

also, as well, too, both, all: use with not 

also , as well as, too, both and all are not generally found in negative sentences. So, 

in negative sentences: 

1. Use neither / nor instead of also, as well as, too. 

2. Use either instead of both. 

3. Use both with a negative only for contrast. 

4. Use any instead of all. 
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although, even though versus even if 

1. Even if is only used for hypothetical situations, typically in second conditionals. 

Note: also if does not exist. 

2. Even though and although have the same meaning. They are used to refer to real 

situations. They are generally found with present tenses. though means the same, but 

is not found at the beginning of a sentence in academic writing; even though is 

generally found at the beginning of a sentence rather than the middle. 

 

 

and, along with 

1. In a list of three items or more, put a comma before and – this signals to the reader 

that the and is introducing the last item. 

2. When giving a list of items, use semi colons (or commas) to highlight what 

elements and joins together. 

3. When you use and several times within the same phrase, consider either rephrasing 

the sentence. Alternatively, use along with or together with to make your meaning 

clear. 

4. Along with is followed by a noun. It can be used at the beginning of sentence to 

mean in addition to. Besides  has the same meaning and can be used with a noun or 

verb. 
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as versus as it 

1. When as is used without a following pronoun or noun, it has a similar meaning to 

like and how. 

2. When as is followed with a pronoun (often it ) or a noun it means because or since. 

 

 

as versus like (unlike) 

1. As is used when the sense is that one thing is equal to another. 

2. Like means ‘similar to’. 

3. Unlike is used when making a contrast. Note differently from does not exist in 

English, use unlike instead. 

 

 

as, because, due to, for, insofar as, owing to, since, why 

1. Because indicates a consequence, why gives the reason or explanations. 

2. Because can be used at the beginning of a sentence in order to explain a reason for 

doing something, but is usually replaced in formal English by since, as, seeing as, 

given that, given the fact that , on account of the fact that or due to the fact that. 

Another alternative is to use in order to or so that. 

3. Due to and owing to mean the same as because of , and are followed by a noun. 

owing to tends only to be used at the beginning of a sentence. 
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4. For generally replaces due to and because of in phrases containing the word 

‘reason’. 

5. Due to the fact that and owing to the fact that are used before a subject + verb 

construction. 

6. Insofaras and inasmuchas (also written insofar as, in so far as, inasmuch as, in as 

much as ) can be used to replace because or due to the fact that when these appear at 

the beginning of a sentence. But they are somewhat antiquated. 

 

 

both … and, either … or 

These expressions are frequently confused, thus leading to ambiguity for the reader. 

1. Both … and is inclusive. 

2. Either … or is exclusive. You cannot use either in both parts. 

3. Both is only used with not when used to contrast. 

4. Not … either .. . or indicates that none of the options are available. 

5. The position of the preposition changes the meaning. 
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e.g. versus for example 

1. Use a comma before for example and at the end of the example itself. 

2. If you write for example after the example, rather than before, then it should be 

preceded and followed by commas. for example should not be placed at the end of the 

phrase. 

3. In the middle of a sentence e.g. tends to be used for lists that are in brackets. 

4. Don’t use both such as and for example together. Use one or the other. 

5. For instance and like are not normally used in research papers, prefer for example. 

 

e.g., i.e., etc. 

1. It is not necessary to put a comma immediately after e.g. and i.e. 

2. E.g. and i.e. are also often written simply as eg and ie , but this may look 

confusing, particularly for non-native English readers. 

3. E.g. introduces an example of what you have just said. 
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4. Use i.e. when what follows is a de fi nition or clari fi cation of what you have just 

said. 

5. E.g. and i.e. are often confused. If you think your readers might not be familiar 

with the difference use for example and that is to say, respectively. 

6. When you introduce a series of examples with for example , do not put etc. at the 

end. 

7. If possible, think of something more meaningful than etc. 

8. Etc. only requires one period (.) at the end of a sentence. 

 

for this reason versus for this purpose, to this end 

1. For this reason explains why something was done. 

2. For this purpose and to this end can be used indifferently to describe how 

something just mentioned was achieved. 
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the former, the latter 

1. Only use the former and the latter when it is 100% clear to the reader what the 

former and the latter refer to. It is not bad style to repeat the key word, particularly as 

this will make it easier for the reader to identify exactly what is being referred to. 

2. It may not be clear which element the former and the latter refer to. For example, 

when there are three elements, it may not be clear if the latter refers to the third 

element alone, or the second and the third. 

3. In long sentences the reader may have already forgotten which elements were 

mentioned earlier. 

 

however, although, but, yet, despite, nevertheless, nonetheless, notwithstanding 

1. To qualify what you have just written, use however (or but , which is slightly less 

formal). however is used in preference to but at the beginning of a sentence. however 

can be used with or without a comma, and can be located mid phrase between two 

commas. nonetheless and nevertheless are synonyms and mean the same as however. 

2. Yet means the same as but and however , but has a stronger note of surprise. still 

has a similar meaning. 

3. Despite and notwithstanding cannot be used when immediately followed by a noun 

+ verb construction. Instead they have to be accompanied by the fact that . Thus, 

given that they are more complex to use, it is probably best to use but, however and 

although. 
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however, although, but, yet, despite, nevertheless, nonetheless, notwithstanding 

(cont.) 

4. Only however , nevertheless and nonetheless can be used at the end of a phrase. 

5. However , and nevertheless / nonetheless can be used at the beginning of a 

sentence, and be followed by a comma. 

As highlighted by many of the examples, although can often be used to qualify a 

statement. However, it is not used (a) between commas, (b) directly before a verb, (c) 

at the end of a phrase 

 

however versus nevertheless 

1. There is a very subtle difference between however and nevertheless. however can 

be used to add an additional observation or piece of information. nevertheless makes 

a stronger back-reference to what was said earlier, rather than focusing on giving new 

information. 

Essentially, if there is a causal relationship between two sentences, use nevertheless ; 

otherwise use however. 
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in contrast with vs. compared to, by comparison with 

1. Use in contrast with when the difference you are referring to is striking or 

surprising. 

2. Use compared to / with and by comparison in all other cases. 

 

instead, on the other hand, whereas, on the contrary 

1. Use instead at the beginning of a sentence to resolve a problem stated in the 

previous sentence. 

2. Do not use instead to introduce a new topic, even if the new topic is related in 

some way to the previous topic. Use on the other hand. 

3. Use on the other hand to give an alternative or to add additional information about 

the thing mentioned previously – whereas is not used in such circumstances. 

4. Both on the other hand and whereas can be used to make a contrast, but whereas 

gives the reader the idea that the contrast is quite strong. whereas is not normally 

used at the beginning of a sentence. 

5. Do not use on the other hand simply to introduce new information without any 

sense of contrast. 

6. On the contrary is only used to totally contradict what another author has stated. 
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thus, therefore, hence, consequently, so, thereby 

1. Thus, therefore, consequently, so and hence all have the same meaning. They are 

used to indicate a consequence of what has just been said before. so is considered 

informal and is thus used less often. 

2. Hence is generally reserved for mathematics. 

3. Thereby means in such a way . It can only be used in the dependent phrase and is 

followed by a verb. 

 

omission of words in sentences with and, but, both and or 

You can omit certain words when used in conjunction with and, but, both and or . 

This helps to avoid unnecessary repetition 
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1. Nouns, pronouns, articles, possessive adjectives, this, those etc. 

2. Verbs. 

3. Prepositions. 

 
 

Завдання до теми 

Design using frequency response methods: initial explanation 

Control design in the frequency domain involves the following basic ideas: 

(i) The performance of a system H that is to be synthesised may be 

approximately characterised by its bandwidth, i.e. by the range of frequencies to 

which it will respond. 

(ii) The bandwidth of any process G that is to be controlled may be measured 

experimentally or calculated analytically by straightforward means. 

(iii) The necessary frequency characteristics of a controller D may be 

determined graphically from information on G and H, such that the performance in (i) 

is obtained. 

(iv) Sufficient stability of the resulting control loop is easily taken care of as 

part of the design method. 

Frequency response of a linear system 

A linear dynamic system consists mathematically of the following (repeated) 

operations: multiplication by a constant, differentiation, integration and summation. 

By the frequency response of a system we mean a table or graph showing the 

output amplitude and phase difference as a function of frequency when a sinusoid of 
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unit amplitude is applied to the system (it being assumed that all transient effects 

have died away before output measurements are taken). 

The Bode diagram 

The Bode diagram allows frequency response information to be displayed 

graphically. The diagram consists of two plots, magnitude and phase angle, both 

against frequency on the horizontal axis. 

Frequency response and stability: an important idea 

If, for some particular frequency ω, the block G has unity gain and –180° phase 

shift, then the closed loop system will be in continuous oscillation at frequency ω. 

Explanation: A sinusoid of frequency ω, once input to the block G, will be 

subjected to two phase shifts of 180° (one at G and one at the comparator 

(multiplication by –1 and phase-shifting by 180° having the same effect on a 

continuous sinusoid)) and will pass repeatedly around the loop without attenuation, 

since the loop gain at frequency ω is unity. 

In practice, special log-linear axes are used for Bode diagrams with frequency 

on a logarithmic scale and magnitude not plotted directly but only after conversion to 

decibels (dB). Under these special circumstances, the Bode plots for magnitude for 

most simple transfer functions can be approximated by straight line segments. 

In the logarithmic domain, products of transfer functions are replaced by 

summations of individual logarithmic approximations. Hence, the Bode diagram 

magnitude characteristic for a moderately complex transfer function can easily be 

produced by summing a few straight line approximations. 

The Bode diagram’s popularity derives from the ease with which it may be 

sketched, starting from a transfer function; the ease with which it may be obtained 

by plotting experimental results; and from its usefulness as a design tool. 

Implication: For stability of the closed loop system shown in Figure 5.3, at that 

frequency where the phase shift produced by G is –180°, the loop gain must be less 

than unity. Notice that the stability of the complete closed loop is being inferred from 

frequency response information referring to the block G alone. 
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General idea of control design using frequency response methods 

Control design in the frequency domain is quite a specialist subject, requiring 

considerable experience and detailed knowledge. However, in principle, what is 

involved is, in addition to the original process, a compensator D and, as before, a gain 

C, to be chosen. 

Obtaining the frequency response of a system experimentally 

A frequency response analyser makes the work easy since this device generates 

the necessary sinusoids, measures the responses and produces digital displays and 

plots of amplitudes and phase angles. 

Even the very simplest of systems can prove surprisingly difficult to identify in 

practice. That is just one of several reasons for the much-discussed gap between the 

promises of theory and the achievements of practice – if a meaningful model can’t be 

obtained, a meaningful control design is necessarily difficult to produce. 

Some of the difficulties frequently encountered in practice are as follows: 

● It often proves quite a challenge to connect the sinusoidal stimulus signal u(t) 

from the analyser to the system to be identified. Few real processes have a pair of 

convenient terminals that allow this; many industrial interfaces use mark space 

chopping of power to avoid the cost of continuously variable power amplifiers; 

unwieldy devices need to be rigged up to produce linearly reciprocating sine waves to 

excite some types of mechanical systems. 

● Industrial processes are often already operating in ‘some sort of closed loop 

arrangement’ and it is not possible to isolate such processes for testing. 

● The product is often a key part of the process that is to be tested. Industrial 

processes, in many cases, cannot be considered to exist separately from the product 

being produced – managers may not take kindly to sinusoidal variations being 

induced into the products. 

● Testing takes a very long time if low frequencies are involved. This applies 

particularly to large processes that tend to operate in the low-frequency end of the 

spectrum. 

● Electromechanical systems tend to move in a series of jerks when confronted 
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with very low frequency signals. They tend to move erratically, giving inconsistent 

results, for high frequencies. Both effects can be attributed to the presence of non-

linearities. Usually stiction is the cause of the low-frequency jerking phenomenon, 

whereas backlash in mechanisms is the source of most high-frequency erratic 

behaviour. (At high frequencies, attenuation is severe, drive signals are of small 

amplitude and backlash becomes significant.) 

● Systems whose output has a non-zero mean level (especially a mean level 

that follows a long-term large amplitude ramp) are very difficult to deal with. 

Контрольні питання 

1. Which are fundamental concepts of frequency response control? 

2. Which techniques are applied for frequency response control? 

Література: [8, 156–201; 9, с. 158–211]. 

 

Практичні заняття № 43–45 

Тема 15 Non-Linear Systems. Numbers 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

words versus numerals: basic rules 

1. If a number has to appear at the beginning of a sentence use the word (e.g. eleven ) 

rather than the numeral (e.g. 11). 

2. If necessary, rearrange the sentence so that the number does not appear at the 

beginning. 

3. If it is not possible to apply Rule 2, use words instead. 
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words versus numerals: additional rules 

1. When you use numbers from one to eleven within a written text, write them as 

words (e.g. nine ) rather than numerals (e.g. 9 ). The reason for this is visual: it is 

harder to see a digit in a text than a word, e.g. 1 is harder to see than one . 

2. Consider using words for numbers above ten if this will facilitate reading. 

3. Do not mix words and digits to refer to the same number, unless this number is a 

million or more. 

4. Do not mix words and digits within the same context. 

5. Times of day are written as numerals; use the 24 hour clock to avoid having to use 

a.m. (before midday) or p.m. (after midday). 

 

when 1–10 can be used as digits rather than words 

1. Use digits not words when numbers are in association with percentages, 

abbreviations for measurements, tables, and figures etc. 

You can optionally use digits rather than words when: 

2. The second number in a range of numbers is higher than eleven; alternatively write 

both numbers as words. 

3. There is a series of numbers, or in ratios and proportions. 

4. Numbers act as adjectives. Note the use of hyphens 
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making numbers plural 

1. Whole numbers do not require an -s to indicate the plural and no preposition is 

used between the number and the noun. 

2. An exception to Rule 1 is in expressions such as tens, dozens, hundreds, thousands, 

i.e. to indicate large generic numbers. In such cases of follows the number. 

3. Fractions require an -s plural. 

4. For reasons for readability, make single digits plural using ’ s. However, for other 

numbers (including dates) simply add an s. 

5. A noun which follows a number is used in the singular form when acting as an 

adjective (technically these are called ‘numerical modifiers’). Note the use of 

hyphens 

 

singular or plural with numbers 

1. Numbers and quantities require the verb that follows to be in the singular form. 

This is because they are seen as a mass rather than individual items. 

2. The use of there is / was and there are / were depends on whether the noun that 

follows is in the singular or plural, respectively. 
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3. Use another , not other , before a number. 

4. None is followed by a verb in the plural. 

 

 

abbreviations, symbols, percentages, fractions, and ordinals 

1. Always use numerals with abbreviations or symbols. Do not combine spelled 

forms of numbers with symbols. 

2. Percentage is one word, both percent (one word) and per cent (two words) are 

correct; do not use %age. 

3. In ranges of percentages, either put the percentage symbol tends after the second 

number or after both numbers. 

4. Fractions and ordinal numbers should not appear as digits (e.g. 1 / 4, 2nd ) at the 

beginnings of sentences or between other words. 

5. Decimals are not written as words. 

6. Decimals are written with a point (.) rather than a comma (,). 

7. Commas tend to be used in whole numbers above 999 (but not in dates or 

horsepower). 
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ranges of values and use of hyphens 

You can introduce a range of values in three different ways: 

There should be 11 – 20 participants. 

There should be from 11 to 20 participants. 

There should be between 11 and 20 participants. 

Use a hyphen: 

1. To indicate a range of values with numerals. But to indicate a range of values with 

words, use to. 

2. With fractions that are made up of two words (e.g. three- fifths, seven-ninths). 

3. With ages and periods of time. Note that there is no plural s on the time period. 

 

 

definite article ( the ) and zero article with numbers and measurements 

Use the zero article: 
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1. With percentages and fractions. 

2. Before the following words (and similar words) when they are followed by a 

number: figure, appendix, table, schedule etc.; step, phase, stage etc.; question, issue, 

task etc., case, example, sample etc. 

3. With weights, distances etc. 

4. In the expression on average. 

Use the definite article: 

5. Measurements that begin with by. 

6. A number that has already been mentioned. 

 

 

definite article ( the ) and zero article with months, years, decades and centuries 

1. Use the zero article before months (e.g. July, August ) and years (e.g. 1992, 2013, 

2024). 

2. Use the definite article to refer to decades and centuries. 
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once, twice versus one time, two times 

1. O nce = one time, twice = two times. once and twice are more commonly found 

than one time and two times – avoid mixing the two forms in the same phrase. thrice 

(three times) is archaic and should not be used. 

2. O nce and twice cannot be used after expressions such as a minimum / maximum of. 

 

 

ordinal numbers, abbreviations and Roman numerals 

There are three forms of writing ordinal numbers: 

Form (A) word e.g. fi rst, second, third, fourth. 

Form (B) abbreviation e.g. 1st, 2nd, 3rd, 4th. 

Form (C) Roman numeral e.g. I, II, III, IV. 

1. Use Form A within the main text of a manuscript. 

2. Use Form B with centuries, millenniums, dynasties etc. 

3. Form B can also be used (e.g. July 4th) but usage with the cardinal form is equally 

acceptable and avoids possible errors with - st, -rd, and -th. 

4. Some conference names use Form A, others Form B, and others Form C – there 

appears to be no rationale for deciding which form to use. 

Note: do not mix the forms (e.g. IIIrd ). 

5. Use Form C with the names of people. 

6. Arabic numerals (1, 2, 3) are used much more frequently than Roman numerals (I, 

II, III) for section numbering in papers. 
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dates 

1. Write centuries with Arabic numerals not Latin numerals. Note: nonreligious 

alternatives to BC (before Christ) and AD (anno domini – year of our Lord) are BCE 

(before common era) and CE (common era), and also BPE (before present era) and 

PE (present era). However these acronyms are not, as yet, very common. 

2. Write decades in their full numerical form (1980s) rather than abbreviated form 

(’80s) as otherwise there could be confusion between centuries. Also use the plural s 

without an apostrophe. 

3. Write the first decade of each century in words not numerals. Note that 2000s 

could refer to the period from 2000-2009, or 2000-2099. 

4. The world has three principal systems for writing dates: 

Form A: (dmy) 10 March 2020 = 10.03.2020. 

Form B: (mdy) March 10, 2020 = 03.10.2020. 

Form C: (ymd) 2020 March 10 = 2020-10-03. 

The first form (number month year) is perhaps the clearest. To avoid confusion, 

always write the date with the month as a word. 
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Завдання до теми 

What is meant by non-linearity 

In the linear world, the relation between cause and effect is constant and the 

relation is quite independent of magnitude. For instance, if a force of 1 N, applied to a 

mass m, causes the mass to accelerate at a rate a, then according to a linear model, a 

force of 100 N, applied to the same mass, will produce an acceleration of 100a. 

Strictly, a linear function f must satisfy the following two conditions, where it 

is assumed that the function operates on inputs u1(t), u2(t), u1(t) + u2(t), αu(t), where α 

is a scalar multiplier. 

Any system whose input/output characteristic does not satisfy the above conditions is 

classified as a non-linear system. 

Thus, there is no unifying feature present in non-linear systems except the absence of 

linearity. Non-linear systems sometimes may not be capable of analytic description; 

they may be sometimes discontinuous or they may contain well-understood smooth 

mathematical functions. 

The following statements are broadly true for non-linear systems: 

(i) Matrix and vector methods, transform methods, block-diagram algebra, frequency 

response methods, poles and zeros and root loci are all inapplicable. 

(ii) Available methods of analysis are concerned almost entirely with providing 

limited stability information. 

(iii) System design/synthesis methods scarcely exist. 

(iv) Numerical simulation of non-linear systems may yield results that are misleading 
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or at least difficult to interpret.  

Thus, the same system may be locally stable, unstable, heavily damped or 

oscillatory, according to the operating region in which it is tested. For a linear system, 

local and global behaviour are identical within a scaling factor – they are 

topologically the same. For a non-linear system, it is generally meaningless to speak 

of global behaviour. 

Very loosely, we can organise our thinking about non-linearity in real-world 

systems. We comment as follows: 

(a) very few real-world systems are strictly linear; 

(b) a large class of systems can be regarded as approximately linear; 

(c) a strongly non-linear class exists, but such systems may often be linearised; 

(d) a class whose non-linearity is its most important characteristic exists and 

needs special consideration. 

Linear methods will normally be applied to class (b) without any discussion. 

Systems in class (c) will often be linearised to allow certain types of controller 

synthesis to be carried out. Checks by numerical simulation of the complete 

unapproximated system plus controller will then be used to determine whether the 

designs (based on linearised approximation) will be sufficiently valid in practice over 

a choice of envisaged operating conditions. 

Systems in class (d) have their behaviour dominated by non-linearity. Such 

systems include: 

(i) Stable oscillators: Governed by continuous non-linear differential equations such 

as the van der Pol equation. This type of equation exhibits, for the right choice of 

parameters, limit cycle behaviour. This stable oscillatory behaviour, essentially non-

linear in its origins, is very interesting and has been much studied. 

(ii) Relay and switched systems: The systems appear deceptively simple, but, because 

of the discontinuous non-linearity, special techniques of analysis are required. 

Because switched systems are both cheap and high performing, they are frequently 

applied in industry, even in situations for which they are not too well suited. 
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(iii) A variety of systems exhibiting jump resonance, stick-slip motion, backlash and 

hysteresis: All of these phenomena can be present as insidious and persistent 

degraders of performance of control loops. 

Approaches to the analysis of non-linear systems 

As discussed in (ii) above, available methods of analysis are concerned almost 

entirely with providing stability information. 

Architecture of Industrial Automation Systems 

The Functional Elements of Industrial Automation  

An Industrial Automation System consists of numerous elements that perform a 

variety of functions related to Instrumentation, Control, Supervision and Operations 

Management related to the industrial process. These elements may also communicate 

with one another to exchange information necessary for overall coordination and 

optimized operation of the plant/factory/process. Below, we classify the major 

functional elements typically found in IA systems and also describe the nature of 

technologies that are employed to realize the functions.  

Sensing and Actuation Elements  

These elements interface directly and physically to the process equipment and 

machines. The sensing elements translate the physical process signals such as 

temperature, pressure or displacement to convenient electrical or pneumatic forms of 

information, so that these signals can be used for analysis, decisions and finally, 

computation of control inputs. These computed control inputs, which again are in 

convenient electrical or pneumatic forms of information, need to be converted to 

physical process inputs such as, heat, force or flow-rate, before they can be applied to 

effect the desired changes in the process outputs. Such physical control inputs are 

provided by the actuation elements.  

Industrial Sensors and Instrument Systems  

Scientific and engineering sensors and instrument systems of a spectacular variety of 

size, weight, cost, complexity and technology are used in the modern industry. 

However, a close look would reveal that all of them are composed of a set of typical 
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functional elements connected in a specified way to provide signal in a form 

necessary. The various tasks involved in the automation systems.  

Industrial Actuator Systems  

Actuation systems convert the input signals computed by the control systems into 

forms that can be applied to the actual process and would produce the desired 

variations in the process physical variables. In the same way as in sensors but in a 

reverse sense, these systems convert the controller output, which is essentially 

information without the power, and in the form of electrical voltages (or at times 

pneumatic pressure) in two ways. Firstly it converts the form of the variable into the 

appropriate physical variable, such as torque, heat or flow. Secondly it amplifies the 

energy level of the signal manifold to be able to causes changes in the process 

variables. Thus, while both sensors and actuators cause variable conversions, 

actuators are high power devices while sensors are not. It turns out that in most cases, 

actuators are devices that first produce motion from electrical signal, which is then 

further converted to other forms. Based on the above requirement of energy and 

variable conversion most actuation systems are structured. 

A. The electronic signal-processing element accepts the command from the control 

system in electrical form. The command is processed in various ways. For example 

it may be filtered to avoid applying input signals of certain frequencies that may 

cause resonance. Many actuators are themselves closed feedback controlled units 

for precision of the actuation operation. Therefore the electronic signal-processing 

unit often contains the control system for the actuator itself.  

B. The electronic power amplification element sometimes contains linear power 

amplification stages called servo-amplifiers. In other cases, it may comprise power 

electronic drive circuits such as for motor driven actuators.  

Контрольні питання 

1. What is non-linearity? 

2. Describe a structure of an actuation system.  

Література: [8, 156–201; 9, с. 158–211]. 
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Практичні заняття № 46–48 

Тема 16 Process Control. Measurements 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

use of articles: a / an versus the 

1. Use a / an to relate one unit of measurement to another. 

2. Use the in measurements that begin with by. 

3. Use a / an with speed, rate etc. when such words are followed by a number. 

4. Use the with speed, rate etc. when such words are followed by a noun. 
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abbreviations and symbols: general rules 

1. The humanities and social sciences tend to use words rather than abbreviations and 

symbols. 

2. Symbols generally come after the number. Exceptions: currencies (e.g. ¥100, €56). 

3. Numbers before abbreviations and symbols must be digits (e.g. 7) rather than 

words (e.g. seven ). 

4. Abbreviations for measurements are not usually followed by a period (.) unless at 

the end of a sentence. They do have a plural form. 

5. Most abbreviations for measurements are all lower case. Exceptions: bytes (e.g. 

GB, KB); micro measurements (mL – microliter, milliliter); and temperatures (C, F). 

6. Abbreviations in a series tend to be repeated. 

7. In a range, the abbreviation tends to go with the last item.  

8. Do not use an abbreviation for a measurement without a number. 
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spaces with symbols and abbreviations 

1. There do not seem to be fi xed rules about whether to put spaces before units of 

measurement. Check with your journal’s style. 

2. If the unit of measurement would appear alone at the beginning of the next line, 

then remove the space. 

3. When describing computer memory, the style is generally not to use a space. 

3. Do not insert a space between a number and st, rd and th. 

 

 

expressing measurements: adjectives, nouns and verbs 

Measurements using nouns can normally be expressed in several ways, either with 

the verb to have or the verb to be . 

1. When the measurement appears after the noun, then use of as the preposition ( a 

width of 2 cm ); if it appears before the noun use in ( 2 cm in width ). 
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2. Adjectives can be used instead of nouns. 

3. The adjective can appear before or after the noun. Note the use of hyphens. 

4. When measurements appear in brackets they are often not written as full sentences. 

 

 

Завдання до теми 

Introduction  

We often come across the term process indicating a set up or a plant that we want to 

control. Thus by a process we may mean a unit of chemical plant (say, a distillation 

column), or a manufacturing system (say, an assembly shop), or a food processing 

industry and so on. We may want to automate the process; we may also like to 

control certain parameters of the system output (say, level of a tank, pressure of 

steam etc.). Broadly speaking, there could be two types of control; we might want to 

carry out. The first one is called sequential control, where the control action is carried 

out in a sequence. A good example for this type of operation could be in an 

automated car manufacturing system, where the assembly of parts is carried out in a 

sequence (on a conveyor line). Here the control action is sequential in nature and 

works in a preprogrammed open loop fashion (implying that there is no feedback of 

the output signal to the controller). Programmable Logic Controller (PLC) is often 

used to carry out these operations.  

But there are cases, where the control action needed is continuous in nature and 

precise control of the output variable is required. Take for example, the drum level 

control of a boiler. Here, the water level of the drum has to be maintained within a 

small band, in spite of variations of steam flow rate, steam pressure etc. This type of 
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control is sometimes called modulating control, as the control variable is modulated 

to keep the process variable at a constant value. Feedback principle is used for these 

types of control. Now onwards, we would concentrate on the control of these types of 

processes. But in order to design a controller effectively, we must have a thorough 

knowledge about the dynamics of the process. A mathematical model of the process 

dynamics often helps us to understand the process behaviour under different 

operational conditions.  

In this lesson, we would discuss the basic characteristics of this type of 

processes where continuous control is used for controlling certain variables at the 

outputs. 

Characteristics of a Process  

Different processes have different characteristics. But, broadly speaking, there are 

certain characteristics features those are more or less common to most of the 

processes. They are:  

(i) The mathematical model of the process is nonlinear in nature.  

(ii) The process model contains the disturbance input  

(iii) The process model contains the time delay term.  

In general a process may have several input variables and several output 

variables. But only one or two (at most few) of the input variables are used to control 

the process. These inputs, used for manipulating the process are called manipulating 

variables. The other inputs those are left uncontrolled are called disturbances. Few 

outputs are measured and fed back for comparison with the desired set values. The 

controller operates based on the error values and gives the command for controlling 

the manipulating variables.  

It is a tank containing certain liquid with an inflow line fitted with a valve V
1 

and an 

outflow line fitted with another valve V
2
. We want to maintain the level of the liquid 

in the tank; so the measured output variable is the liquid level h. It is evident from 

Fig.2 that there are two variables, which affect the measured output (henceforth we 

will call it only output) - the liquid level. These are the throttling of the valves V
1 
and 
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V
2
. The valve V

1 
is in the inlet line, and it is used to vary the inflow rate, depending 

on the level of the tank. So we can call the inflow rate as the manipulating variable. 

The outflow rate (or the throttling of the valve V
2 

) also affect the level of the tank, 

but that is decided by the demand, so not in our hand. We call it a disturbance (or 

sometimes as load).  

The major feature of this process is that it has a single input (manipulating 

variable) and a single output (liquid level). So we call it a Single-Input-Single-Output 

(SISO) process. We would see afterwards that there are Multiple-Input-Multiple-

Output (MIMO) processes also. 

Mathematical Modeling  

In order to understand the behaviour of a process, a mathematical description of the 

dynamic behaviour of the process has to be developed. But unfortunately, the 

mathematical model of most of the physical processes is nonlinear in nature. On the 

other hand, most of the tools for analysis, simulation and design of the controllers, 

assumes, the process dynamics is linear in nature. In order to bridge this gap, the 

linearization of the nonlinear model is often needed. This linearization is with respect 

to a particular operating point of the system. In this section we will illustrate the 

nonlinear mathematical behaviour of a process and the linearization of the model. We 

will take up the specific example of a simple process.  

Higher Order System Model  

We have considered a single tank and developed the linearised model of it. So 

it has a single time constant τ. But there are more complex processes. If there are two 

tanks coupled together, then we would have two time constants τ1and τ2. But it is 

evident that the dynamics of two tanks are coupled.  

Time delay  

It has been mentioned earlier that one of the major characteristics of a process 

is the presence of time delay. This time delay term is often referred as “transportation 

lag”, since it is generated due to the delay in transportation of the output to the 
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measuring point. The presence and effect of time delay can be easily explained with 

an example of a simple heat exchanger. 

In this case the transfer of heat takes place between the steam in the jacket and water 

in the tank. The measured output is the water temperature at the outlet T(t). For 

controlling this temperature, we may vary the steam flow rate at its inlet. So the 

manipulating variable is the steam flow rate. We can also identify a number of input 

variables those act as the disturbance, thus affecting the temperature at the water 

outlet; for example, inlet steam temperature, inlet water temperature and the water 

flow rate.  

The temperature transducer should be placed at a location in the water outlet 

line just after the tank. But suppose, due to the space constraint, the transducer was 

placed at location B, at a distance L from the tank. In that case, there would be a 

delay sensing this temperature.  

Контрольні питання 

1. Characterize a process? 

2. Describe a high-order system.  

Література: [8, 156–201; 9, с. 158–211]. 

 

Практичні заняття № 49–51 

Тема 16 PID Controller. Word Order: Nouns and Verbs 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

decide what to put first in a sentence: alternatives 

1. Put the most important idea first, this will make your writing more direct and 

memorable. 
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put the subject before the verb and as near as possible to the beginning of the 

phrase 

1. Put the subject before the verb. 

2. The subject generally contains the most important information. Put it as near as 

possible to the beginning of the sentence. 

 

do not delay the subject 

1. Put the subject first before mentioning when, how, where and why it functions. If 

you begin with a subordinate clause, this will force the reader to wait in order to find 

out what you are really referring to. 

2. If you are using a lot of link words, such as in particular, generally speaking, 

consequently, in addition , don’t always put them at the beginning. If possible, find a 

short word ( thus, so, also ) and insert it before the verb. 

3. Avoid using an impersonal it at the beginning of the sentence. Instead use modal 

verbs ( might, need, should etc.) or an adverb. 

4. Avoid beginning a phrase with a time period containing the verb to be. 
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avoid long subjects that delay the main verb 

Make sure the verb is near the beginning of the sentence and next to the subject. If 

the subject is very long, the reader will be left waiting to know what the verb is. To 

avoid this problem: 

1. Use an active verb, rather than the passive form. 

2. Shift the verb to the beginning of the sentence. This may involve changing the verb 

and / or changing the word order. 

3. Divide up a long sentence into two shorter sentences. 

 

inversion of subject and verb 

1. In questions containing the verb to be , auxiliary verbs ( have, had, will, would ), or 

modal verbs, invert the subject and verb. 

2. Treat to have like a normal verb. 



 53 

3. Be careful not to invert subject and verb after what, which, who, where, why when 

these are not used in a question. 

 

inversion of subject and verb with only, rarely, seldom etc. 

1. If you put only or an adverb of frequency that indicates that an event almost never 

takes place ( rarely, seldom ) as the first word of a phrase, then you must invert 

subject and object as if you were forming a question ( YES column below). 

2. The same rule applies when you put a negation (e.g. never, nothing ) as the first 

word in a phrase. 

This construction is difficult to remember, so it is probably best to avoid it. Use the 

normal word order instead (third column). 

 

inversions with so, neither, nor 

The subject and auxiliary are inverted after so and neither / nor when these are used 

to compare two or more items 

1. So is used when the sentence is affirmative. 

2. N either and nor have identical meanings and are used when the sentence is 

negative. 

This construction is difficult to remember, so it is probably best to avoid it. Use the 

normal word order instead (third column). 



 54 

 

put direct object before indirect object 

The direct object is the thing given or received. The indirect object (in bold in the 

table below) is the thing that the direct object is given to or received by. Look at the 

position of the direct object and indirect object in this sentence: “The authors sent 

their manuscript to the journal .” Thus, the normal word order is: (1) subject ( the 

authors ), (2) verb ( sent ), (3) direct object ( their manuscript ), (4) preposition ( to ), 

(5) indirect object ( the journal ) . 

1. The kind of construction outlined above is often found with verbs followed by to 

and with. 

Examples: associate X with Y, apply X to Y, attribute X to Y, consign X to Y, give X to 

Y (or give Y X), introduce X to Y, send X to Y (or send Y X ) 

2. If the direct object is very long and consists of a series of items, you can put the 

indirect object after the first item and then use along with. 

3. As an alternative to rule 2, you can use a colon to introduce a list. 

4. Not all sciences respect rule 1, and particularly in mathematical sciences you may 

find the indirect object before the direct object. 
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phrasal verbs 

A simplified definition of a phrasal verb is a verb that is made up of one or more 

prepositions. Phrasal verbs tend not to be used in manuscripts as they are considered 

quite informal and more appropriate in the spoken language. Also, the same verb may 

have many different meanings, which could be confusing for the reader. However, 

some phrasal verbs are used in academia both in manuscripts, reports and emails e.g. 

back up, break down, bring up, carry out, cut down, draw up, ease off, fall through, 

fill in, give off, go through, iron out, kick off, look forward to, phase out, point out, 

run into, set up, wear out. Unfortunately there are different categories of phrasal 

verbs and by just looking at the verb it is impossible to know which category they 

belong to. Below are just two useful guidelines relating to the position of the direct 

object. 

1. Some verbs require the pronoun to be inserted before the preposition. 

2. Other verbs require the pronoun to be inserted after the preposition. 

3. With some verbs you can put the direct object after the preposition or before. 

Separating the two parts so the verb (i.e. putting the object before the preposition) is 

more informal. 

If you are not sure, the easiest solution is to keep the parts of the verb together, and 

avoid using pronouns and simply repeat the subject. 

Alternatively and where possible, use an alternative verb: e.g. carry out (perform), 

cut down (reduce), go through (examine). 
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noun + noun and noun + of + noun constructions 

1. In some cases, you can use either a noun of noun construction (e.g. the University 

of Manchester), or a noun + noun construction (e.g. Manchester University). 

Unfortunately there is no rule to help you decide if they are both applicable and if 

they both have the same meaning. For rules on when ’s should be used. 

2. The noun + of + noun construction is generally used with words such as piece, 

series, bunch, group and herd ( flock etc.). 

3. In some cases, the noun + of + noun construction is not possible at all. This is 

often because the preposition of indicates that the first noun is made of the second 

noun (e.g. a ring of gold = a ring made of gold ). 

4. Long strings of nouns and adjectives are generally only used if they are names of 

pieces of equipment or methods. 

 

 

strings of nouns: use prepositions where possible 

1. Do not put nouns in strings when the reader is unlikely to be able to understand 

how they relate to each other. Use prepositions to make the meaning clearer. This is 

particularly important in titles of papers – if the reader cannot understand your title 

then they will probably not read the paper. 

2. A noun string can often be broken up by using a preposition: of = which belongs 

to, for = for the purpose of, by = how something is done and where necessary 

converting the nouns into verbs. This helps to clarify the relationships between the 

various nouns. 
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deciding which noun to put first in strings of nouns 

Unfortunately there are no clear rules regarding which noun should go first. Also, the 

convention varies from discipline to discipline. For the rules on when to use an’s after 

the first noun. 

1. In many cases the first noun acts as an adjective that describes the second noun. In 

such cases the generic noun will normally go in second position. 

2. When talking about families it depends on whether you are talking about people or 

insects, flowers etc. With human families use surname + family , in entomology, 

botany etc. use family + species. This is just one example illustrating the rather 

random nature of some aspects of the English language! 

 

 

position of prepositions with which , who and where 

There are two possible positions for a preposition that is being used in conjunction 

with which, who and where : 

1. Directly before which, who and where – this is a formal style and may sound 

strange. Note the use of whom (with whom, from whom ). 

2. At the end of the phrase – more informal and more common. 



 58 

3. If there is already a preposition in the phrase, then the preposition associated with 

who or which is located at the end of the phrase.  

4. By cannot be separated from which. 

 

 

Завдання до теми 

Everyone uses control loops. Anytime you adjust how you do something based 

on previous results, you are forming your own control loop. 

For example, when you want to drive your car at 65 mph, you depress the accelerator 

until the speedometer reports the target speed — simple. But what happens when you 

start driving up a hill? The car slows because the torque to move a car at 65 mph on 

flat road is no longer enough — so you respond by pressing the accelerator further 

down. Your foot, the speedometer, and your brain have formed a control loop. 

American cars have offered automated speed control loops — also known as cruise 

control — since 1958. 

Similarly, modern industrial controls are often required to regulate processes as part 

of a control loop. The controller receives a setpoint request from the programmer and 

compares it to a measured feedback. The setpoint can be thought of as where I want 

to be and feedback can be thought of as where I really am. The difference between 
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the set point and feedback is called the error ε. The job of the controller is to 

eliminate the error — so where I am is where I want to be. 

Controllers: How they work 

How a PID controller works is a pretty easy concept to understand. The PID 

controller looks at the current value of an error ε, the integral of the error over a time 

interval ∫ε and the rate of change of the error Δε to determine how much of a 

correction to apply. The controller continues to apply the correction until change is 

seen on the feedback. Depending on the error calculation update rate (which in turn 

may depend on how often the loop feedback is read) the corrective action can be 

adjusted at a fast rate — for instance, the analog feedback on some variable 

frequency drives is updated every 10 msec. 

The job of a PID controller is to force feedback to match a setpoint. Sometimes error 

between feedback and setpoint is caused by a setpoint change, but in most 

applications the setpoint is not adjusted much. More often, error in a loop is caused 

by disturbances in measured feedback. 

In our beginning example, the disturbance of cruise-control regulation was a hill 

encountered on a road over which a car travels. Other examples of disturbances are 

double doors opening in a building where pressure is regulated, or people showering 

while a control loop works to regulate the connected water-tank level. 

Techniques for fine tuning 

Tuning a control loop is the adjustment of its control parameters (gain/proportional 

band, integral gain/reset, derivative gain/rate) to optimum values for a target 

response. Tuning is part of loop design, usually required if the system oscillates too 

much, responds too slowly, has steady-state error, or is unstable. 

One must be careful when determining whether a PID needs tuning or not: Always 

check hardware first, as it could be the problem and not the controller that needs 

tuning. A PID most likely needs tuning if: 

• The operator thinks that the controller can perform better • process dynamics 

weren't well understood when gains were first set • dynamics were changed • some 

control-system characteristics are direction dependent, or • careful consideration 
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wasn't given to the units of gains and other parameters. On the other hand, problems 

may have nothing to do with the PID loop tuning if a control valve sticks, 

measurement taps are plugged, sensors are disconnected, or if a control valve is 

stripped out from high-pressure flow. 

Some systems have interactions of widely varied strengths — and there is no single 

definition of “best tuned” that applies to all loops, so no single method optimizes all 

loops. 

The optimum behavior in a process or setpoint change depends on the application. 

Some processes must not allow overshoot of a process variable, while others must 

minimize energy expended in reaching a new setpoint. Generally, response must be 

stable and systems must not oscillate for any combination of conditions and setpoints. 

Tuning of loops is further complicated by process response time, as it may take 

minutes or hours for a setpoint change to produce a stable effect. Some processes also 

exhibit nonlinearity, so parameters that work well at full-load conditions don't work 

when starting from no-load. 

Several methods are available for tuning a PID loop; the choice of method largely 

depends on whether or not the loop can be taken offline for tuning, and the system 

response speed. If the system can be taken offline, the best tuning method often 

involves subjecting the system to a step change in input, measuring output as a 

function of time, and using this response to determine control parameters. 

e days just to find a stable set of loop values. Optimal values are harder to find, but 

can save a company huge amounts of money. Commercial software is available from 

several sources, and can easily pay for itself if a PID loop runs large or expensive 

processes. Some digital controllers even feature self tuning, in which small setpoint 

changes are sent to the process, allowing the controller itself to calculate optimal 

values. 

One can also tune by feel, which is an online method that doesn't require math. The 

main problem with this method is that it is erratic, not repeatable, and can be 

inefficient. 
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Контрольні питання 

1. How do PID loops work? 

2. How do controllers work?  

Література: [8, 156–201; 9, с. 158–211]. 

 

Практичні заняття № 52–54 

Тема 17 Programmable Logic Controller. Word Order: Adverbs 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

probability 

Adverbs of probability (e.g. probably, certainly, definitely ) go immediately before 

the: 

1. Main verb. 

2. Negation ( not and contractions e.g. don’t, won’t, hasn’t ). 

 

frequency + also , only , just , already 

Adverbs of frequency (e.g. always, sometimes, occasionally ) and words like also, 

just, already, and only, are usually placed: 

1. Immediately before the main verb. 

2. Immediately before the second auxiliary when there are two auxiliaries. 

3. A fter the present and past tenses of to be. 

4. For special emphasis, some adverbs ( sometimes, occasionally, often, normally, 

usually ) can be located at the beginning of a sentence. 

5. When only is associated with a noun rather than a verb, it is located before the 

noun. It can also appear at the end of a sentence, but this is rare. 
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manner  

An adverb of manner describes how something is done (e.g. quickly ), or to what 

extent (e.g. completely ). Some adverbs of manner can go before the verb. But, since 

all adverbs of manner can always also go after the verb or noun, it is best to put them 

there. You will then avoid mistakes. 

1. Subject + verb + adverb of manner + full stop (.). 

2. Subject + verb + noun + adverb [+ rest of phrase]. 

 

time 

Adverbs of time: 

1. Usually go at the end of the phrase, particularly if they consist of more than one 

word. 

2. When used in contrast with each other, they go at the end. 

3. In some cases (e.g. today, tomorrow, tomorrow evening) they can go at the 

beginning for emphasis. 
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first(ly), second(ly) etc. 

When you are listing events: 

1. Put the adverb ( firstly, secondly etc.) at the beginning of the phrase. You can say 

firstly or first, secondly, thirdly, fourthly etc. are preferred to 

second , third, fourth etc. in a manuscript. first is usually followed by then rather than 

secondly. 

2. T hen can be placed at the beginning of the sentence, but is more common before 

the main verb. 

 

adverbs with more than one meaning 

There are a few adverbs that change meaning depend on their position (i.e. before or 

after the verb): 

1. Normally : before = usually , after = the opposite of abnormally (this usage is not 

very common, in the normal way is more common). 

2. Clearly : before = obviously , after = without difficulty. 

3. Fairly : before = quite (in a sufficient manner), after = in the right proportion. 
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shift the negation word ( no, not, nothing etc.) to near the beginning of the 

phrase 

Negations generally contain key information so they should be located as near as 

possible to the beginning of the sentence. By doing so, you signal to the reader that 

you are about to say something negative rather than something affirmative. It can be 

misleading to put the negation at the end. 

So put the following near the main verb: 

1. Not and no. 

2. Adverbs that contain negative information, for example: only, rarely, seldom, 

never. 3. Note the position of or not when associated with whether + verb. 

 

 

Завдання до теми 

A programmable logic controller (PLC) is an industrial solid-state computer that 

monitors inputs and outputs, and makes logic-based decisions for automated 

processes or machines.  

PLCs were introduced in the late 1960s by inventor Richard Morley to provide the 

same functions as relay logic systems. Relay systems at the time tended to fail and 
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create delays. Technicians then had to troubleshoot an entire wall of relays to fix the 

problem. 

PLCs are robust and can survive harsh conditions including severe heat, cold, dust, 

and extreme moisture. Their programming language is easily understood, so they can 

be programmed without much difficulty. PLCs are modular so they can be plugged 

into various setups. Relays switching under load can cause undesired arcing between 

contacts. Arcing generates high temperatures that weld contacts shut and cause 

degradation of the contacts in the relays, resulting in device failure. Replacing relays 

with PLCs helps prevent overheating of contacts. 

PLCs do have disadvantages. They do not perform well when handling complex data. 

When dealing with data that requires C++ or Visual Basic, computers are the 

controllers of choice. PLCs also cannot display data well, so external monitors are 

often required. 

PLC Hardware Components 

A central processing unit (CPU) serves as the brain of the PLC. It is a -16 or -32 bit 

microprocessor consisting of a memory chip and integrated circuits for control logic, 

monitoring, and communicating. The CPU directs the PLC to execute control 

instructions, communicate with other devices, carry out logic and arithmetic 

operations, and perform internal diagnostics. The CPU runs memory routines, 

constantly checking the PLC (PLC controller is redundant) to avoid programming 

errors and ensure the memory is undamaged. 

Memory provides permanent storage to the operating system for data used by the 

CPU. The system’s read-only memory (ROM) stores data permanently for the 

operating system random access memory (RAM) stores status information for input 

and output devices, along with values for timers, counters, and internal devices. PLCs 

require a programming device, either a computer or console, to upload data onto the 

CPU. 

PLCs read signals from different sensors and input devices. These input devices can 

be keyboards, switches, or sensors. Inputs can be either in digital or analog form. 

Robots and visual systems are intelligent devices that can send signals to PLC input 



 66 

modules. Output devices such as motors and solenoid valves complete the automated 

system. 

Sinking and sourcing are two important terms when discussing input and output 

connections of PLCs. Sinking is the common ground line (-) and sourcing is the 

common VCC line (+). VCC stands for the positive supply voltage connection point. 

Sinking and sourcing inputs only conduct electricity in one direction. Each input has 

its own return line, and several inputs connect to one return line instead of several 

separate return lines. These common lines are labeled “COMM.” Sensor outputs 

mark the size of the signal given.  

Direct current (dc) input modules connect to sourcing or sinking transistor type 

devices. Alternating current (ac) input modules are less common than dc inputs 

because most sensors have transistor outputs, so if the system uses a sensor input, it 

will most likely be dc; ac inputs take longer for PLCs to see compared to dc inputs. A 

typical ac input is a mechanical switch used for slow mechanical drives. 

Relays are one of the most common output connections. A relay can switch ac or dc 

modules because they are non-polarized. A relay is slow, switching and settling at 

speeds of 5 to 50 milliseconds (ms), but can switch a large current. For example, a 

relay can be used for a low-voltage battery to switch a 230 volt AC main circuit. 

Transistor connections are faster than a relay and have a long lifespan. Transistors 

switch a small current, but only work with dc. An example of a high-power transistor 

has a current of 15 amps with a max voltage of 60V. Triac output (triode for 

alternating current) connections only control ac loads. Like a transistor, a triac is 

faster and handles large ac loads. A triac output, for example, can handle voltages of 

500 to 800 with a current of 12 amps. 

PLC Selection Criteria 

There are several requirements to keep in mind when choosing PLCs. Is the proposed 

system new or an existing one? Either way, ensure the controller works with mating 

hardware. 

Environmental conditions will affect PLC performance. Typical controllers operate in 

temperatures from 0 to 55°C (32°-130°F). The number of discrete devices (On/Off 
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logic devices) and analog devices determines the number of I/O connections the PLC 

will need. If the discrete devices are ac or dc, determine if the PLC can support the 

required signal. 

Determining CPU requirements is important for calculating the amount of RAM 

needed for data manipulation and storage. Counters and timers use RAM to store set 

points, current values, and other internal flags. If data must be stored over a long 

period of time, CPU memory must be sized appropriately. 

Program memory or ROM stores program instructions. Analog devices usually 

require 25 words of memory per device. Examples of analog devices are voltage, 

current, and temperature meters or sensors. Simple and sequential applications 

typically require five words of memory per I/O device. Complex applications are not 

as predictable and need more program memory space. 

Serial and Ethernet connection-based I/O hardware are typical choices for remote 

connections. Remote devices are needed when the PLC is located separately. Serial 

connections have a max distance of 50 feet while Ethernet connections can go to a 

max of 328 feet. These remote devices are referred to as distributed I/O. Finally, be 

sure the PLC understands program instructions. Some PLCs come with proportional 

integral derivative functions that eliminate the need for technicians to write specific 

code for closed-loop process control.  

Контрольні питання 

1. What is PLC? 

2. Describe PLC technique.  

Література: [8, 156–201; 9, с. 158–211]. 

 

Практичні заняття № 55–56 

Тема 18 Industrial Automation. Word Order: Adjectives and Past 

Participles 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 
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Короткі теоретичні відомості 

adjectives 

Adjectives generally go before the noun they describe. An adjective often contains 

information that is more important than the noun it describes, because the adjective 

helps to discriminate between two different types of the same noun e.g. He has a red 

car, I have a blue car. 

1. Put the adjective before the noun it describes. 

2. If you put the adjective after the noun, then precede the adjective with that / which 

/ who + verb. 

3. An exception to Rule 3 is with available and possible , which are often found after 

the noun. 

4. Adjectives are not usually found between two nouns. 

5. Do not put an adjective before a noun that it does not describe. 

 

 

multiple adjectives 

1. A very general guideline for a string of adjectives is: size + age + color + origin + 

material + use. 

2. When deciding the order, first choose the main adjective (or noun acting as an 

adjective) which is typically found with the associated noun e.g. software solutions . 

Then precede with a maximum of three more adjectives e.g. an extremely effective 

(and) innovative software solution . 
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In this example both effective and innovative have a similar function and are 

interchangeable. extremely relates to both effective and innovative and must therefore 

go before these two adjectives. 

3. Adjectives are located after past participles. 

4. The position of the adjective can change the meaning of the phrase. 

5. To aid clarity, consider changing an adjective into a noun, and modifying the word 

order. 

 

ensure it is clear which noun an adjective refers to 

If an adjective is followed by two nouns, it may not be clear to the reader if the 

adjective only refers to the first noun, or both to the first and second nouns. If there 

could be ambiguity, then you need to rearrange the phrase: 

1. If the adjective (e.g. new) only refers to the first noun (e.g. teachers ) either (1) 

change the order of the nouns, or give each noun a different adjective. 

2. If the adjective refers to both of the nouns, and if you think there could be 

ambiguity, then (1) put the adjective before both nouns, or (2) rearrange the sentence. 
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past participles 

1. In most cases past participles can always go after the noun, but in many cases they 

cannot go before . So, put them after and you will probably be right! 

2. In some cases both positions are possible, though when the past participle is 

located after the noun it is often followed by further details. 

3. Be careful with used . Before the noun it means ‘second hand’, after the noun it 

means ‘which is used’. 

 

Завдання до теми 

Due to the rapid advances in technology, all industrial processing systems, factories, 

machinery, test facilities, etc. turned from mechanization to automation. A 

mechanization system needs human intervention to operate the manual operated 

machinery. As new and efficient control technologies evolved, computerized 

automation control is being driven by the need for high accuracy, quality, precision 

and performance of industrial processes. Automation is step beyond the 

mechanization which makes use of high control capability devices for an efficient 

manufacturing or production processes. 

What is Industrial Automation? 

The word ‘Automation’ is derived from ancient Greek words of Auto (means self) 

Matos (means moving). Thus, a mechanism move by itself or self dictated is called 

automation. As compared with manual systems, automation systems provides 
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superior performance in terms of precision, power and speed of operation. Industrial 

automation is the use of control devices such as PC/PLCs/PACs etc. to control 

industrial processes and machinery by replacing as much as possible labour 

intervention and dangerous assembly operations with automated ones. 

In industrial control a wide number of process variables such as temperature, flow, 

pressure, distance, and liquid levels can be sensed simultaneously. All these variables 

are acquired, processed and controlled by complex microprocessor systems or PC 

based data processing controllers. 

Control systems are the essential parts of an automation system. The various types of 

closed loop control techniques ensure the process variables to follow the set points. In 

addition to this basic function, automation system employs different other functions 

such as computing set points for control systems, plant start up or shutdown, 

monitoring system performance, equipment scheduling, etc. The control systems 

along with monitoring adapted to the operating environment in an industry for 

flexible, efficient and reliable production system. 

The automated system needs special dedicated hardware and software products for 

implementing control and monitoring systems. In recent years, the number of such 

products have been developed from various vendors which providing their 

specializing software and hardware products. Some of these vendors are Siemens, 

ABB, AB, National Instruments, Omron and so on.  

Reasons for Automating 

As we are living in the highly competitive business environment, the industry or in 

other words manufacturers is challenged by the factors like withstand to harsh 

manufacturing environments, meeting latest energy efficient standards and to offer a 

robust level of security, etc. Some the following are the reasons used to justify the 

automation.  

To Increase the Labor Productivity 

Automation increases the production rate by producing greater output for a given 

labor input. It is not possible for human workers to work for long hours without 

losing accuracy. In other hand, without compromising on accuracy, automated 

http://www.electrical4u.com/control-system-closed-loop-open-loop-control-system/
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control systems able to work for long hours. Hence increased productivity and 

efficiency per hour of labor input. 

To improve the Product Quality 

One of the chief benefits of the automation is that the reduction of fraction defect 

rate. With the manual operation of manufacturing process, there may be a 

compromise on quality specifications of the product. But the automation system 

performs operations with greater conformity and uniformity to the quality 

specifications. By using the automation systems, industrial processes are controlled 

and monitored at all stages in order to produce a qualitative end product. 

To Reduce the Labor or Production Cost 

The automated systems help the industries to save a great deal in the long term by 

substituting automated machinery in place of human labor so that unit production 

cost is reduced. Automation equipment running smoothly or uniformly 24×7 not only 

increases the productivity, but also consequently results excellent return on 

investment by saving salaries, workforce costs, pensions and costs with employees. 

The automated system also reduces the labor shortage by substituting automated 

operations in place of labor.  

To Reduce Routine Manual Tasks 

In many industrial applications, process variables like temperature, liquid level, 

pressure, etc. are to be periodically monitored as a routine task to maintain their set 

levels. Thus an automation system creates the automatic working condition by 

employing closed loop control systems. 

To Improve Safety 

By implementing automated system, work is made safer by transferring the worker 

from an active participation location in the process to the supervising role. The 

automated machines are able to work in the hazardous environments and other 

extreme environments. Also, these systems make use of industrial robots in place of 

human workers, especially in life-threatening conditions (chemical and high 

temperature conditions). Thus an industrial automation system prevents the 

accidents and injuries to the workers.  
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To Assist Remote Monitoring 

Most of the industrial operations have to be controlled remotely for convenient and 

long distance monitor and control of process variables. For such cases, automated 

systems provide a communication link between the process area and supervising 

(monitor and control) area, thereby allowing operators to control and monitor the 

industrial processes from a remote location. The best example of this remote control 

is the automated electric power grid control.  

Functional Elements of Industrial Automation 

An industrial automation (IA) is an integrated, flexible and low-cost system 

platform that consists of various elements which performs a wide variety of functions 

like sensing, control, supervision and monitoring related to industrial processes. The 

figure below shows the structure of industrial automation which describes the various 

functional elements of IA.  

Sensing and Actuating Elements 

The sensors or sensing elements convert the physical process variables such as flow, 

pressure, temperature, etc. into electrical or pneumatic form. Various sensors include 

thermocouples, RTDs, strain gauges, etc. The signals from these sensors are used for 

processing, analysing, and decisions in order to produce the control output. The 

various control techniques are implemented to produce the required output by 

comparing current sensed process variable with set values. Finally the controllers 

produce the computed outputs and are applied as electrical or pneumatic signal inputs 

to the actuating elements. Actuators convert the electrical or pneumatic signals to the 

physical process variables. Some of the actuators include control valves, relays, 

motors, etc.  

A special category of the instruments is smart instruments which are integrated 

systems of sensing or actuating elements with the capability of communicating with 

field buses. These smart devices consist of signal conditioning circuit internally and 

facilitates to connecting directly to the communication link in the industrial bus 

system.  

  

http://www.electrical4u.com/electric-power-single-and-three-phase/
http://www.electrical4u.com/sensor-types-of-sensor/
http://www.electrical4u.com/electrical-bus-system-and-electrical-substation-layout/
http://www.electrical4u.com/electrical-bus-system-and-electrical-substation-layout/
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Supervisory Control Elements 

Supervisory control performs higher level control over the automatic controllers 

which further controls the smaller subsystems. The major elements of this level are 

process station PCs and Human Machine Interfaces. These process station PCs are 

responsible for functions like set point computations, performance monitoring, 

diagnostics, startup, shutdown and other emergency operations.  

Human Machine Interface or operator interface is a graphical interface for the 

operators which displays the process information such as process variable status, 

logging results to the database, generating alarm signals, etc. SCADA is one of the 

graphical user interface which remotely controls the industrial operations. Also, 

Distributed control systems (DCS) provide their own HMI for the graphical display 

of various industrial parameters.  

Types of Industrial Automation Systems 

Industrial automation is the use of computer and machinery aided systems to operate 

the various industrial operations in well controlled manner. Depends on the 

operations involved, the industrial automation systems are majorly classified into two 

types, namely process plant automation and manufacturing automation.  

Manufacturing Automation System 

The manufacturing industries make the product out of materials using 

machines/robotics. Some of these manufacturing industries include textile and 

clothing, glass and ceramic, food and beverages, paper making, etc. New trends in 

manufacturing systems have been using automation systems at every stage such as 

material handling, machining, assembling, inspection and packaging. With the 

computer-aided control and industrial robotic systems, the manufacturing automation 

becomes very flexible and efficient. The below figure shows the manufacturing 

automation system hierarchy in which all functional levels are automated by using 

different automation tools. These levels include:  

Machinery Level: In this level various sensing and actuating devices controls the 

manufacturing process. It is an instrumentation level of machine control. Tasks of 

this level include data collection, signal check and machine control.  
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Cell or Group Level: This is another automation level at which operation of a group 

of machines within a manufacturing cells are co-ordinated. Various automated 

controllers like PLCs are employed for such control of machines. 

Shop Floor Level: It is a supervisory automated level where supervision and 

coordination of several manufacturing cells are carried out.  

Plant Level: This automation level performs the activities of production monitoring, 

control and scheduling, etc. HMIs employed at this level facilitate to control all the 

manufacturing process variables remotely.  

Enterprise Level: This level does all the management related activities such as 

production planning and scheduling, etc. 

Контрольні питання 

1. What is industrial automation? 

2. Which are reasons for industrial automation?  

Література: [8, 156–201; 9, с. 158–11]. 

 

2 КРИТЕРІЇ ОЦІНЮВАННЯ ЗНАНЬ СТУДЕНТІВ 

 

Об’єктивне оцінювання знань студентів у межах кредитно-модульної 

системи в умовах упровадження ідей Болонського процесу має сприяти 

підвищенню якості підготовки та конкурентоспроможності фахівців, 

стимулювати самостійну та систематичну роботу студента протягом 

навчального семестру. Досягається така об'єктивність запровадженням 

відповідних критеріїв оцінювання, тобто системи вимог до рівня знань і вмінь 

студента, які він повинен продемонструвати для підтвердження набутих ним 

компетенцій за 100-бальною шкалою (100 %). 
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Модуль 1 

Види занять Змістовий модуль 1 

Т1 Т2 Т3 Т4 Т5 бали 

Практичні заняття 6 6 6 6 6 30 

Самостійна робота 6 6 6 6 6 30 

Поточн. контр.:  тест 5 5 10 

Індивідуальний проект 15 15 

ін. види поточн. контр. 5 5 

Усього  100 

 

Модуль 2 

Види занять Змістовий модуль 2 

Т6 Т7 Т8 Т9 Т10 бали 

Практичні заняття 6 6 6 6 6 30 

Самостійна робота 6 6 6 6 6 30 

Поточн. контр.:  тест 5 5 10 

Індивідуальний проект 15 15 

ін. види поточн. контр. 5 5 

Усього  100 

 

Модуль 3 

Види занять Змістовий модуль 3 

Т11 Т12 Т13 Т14 Т15 бали 

Практичні заняття 6 6 6 6 6 30 

Самостійна робота 6 6 6 6 6 30 

Поточн. контр.:  тест 5 5 10 

Індивідуальний проект 15 15 

ін. види поточн. контр. 5 5 

Усього  100 
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Модуль 4 

Види занять Змістовий модуль 4 

Т16 Т17 Т18 Т19 бали 

Практичні заняття 5 5 5 5 20 

Самостійна робота 5 5 5 5 20 

Поточн. контр.: тест 5 5 10 

Індивідуальний проект 15 15 

ін. види поточн. контр. 5 5 

Іспит  20 

Усього  100 

 

Примітка: Т1 ... Т19 – теми. 

 

Шкала оцінювання: національна та ECTS 

Сума балів за всі 

види навчальної 

діяльності 

Оцінка 

ECTS 

Оцінка за національною шкалою 

для екзамену, курсового 

проекту (роботи), практики 
для заліку 

90–100 А відмінно 

зараховано 

82–89 В 
добре  

74–81 С 

64–73 D 
задовільно  

60–63 Е 

35–59 FX 

незадовільно з 

можливістю повторного 

складання 

не зараховано з 

можливістю 

повторного складання 

0–34 F 

незадовільно з 

обов’язковим повторним 

вивченням дисципліни 

не зараховано з 

обов’язковим 

повторним вивченням 

дисципліни 
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дисципліни «Cпецкурс англійської мови» для студентів денної форми навчання 

зі спеціальності 151  «Автоматизація та комп’ютерно-інтегровані технології» 

за освітньо-професійною програмою «Комп’ютерно-інтегровані технологічні 

процеси і виробництва» освітнього ступеня «Магістр». Частина 2 
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