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Abstract - It is not easy to give an accurate definition of
engineering. One of the principal questions in defiing
engineering is whether this discipline has it is ow
methodology, or the methodology of engineering isully
derived from the methodology of pure science. Scitfic
knowledge is, undoubtedly, extensively used in
engineering, but it is also an arguable point that
engineering knowledge is not limited by the knowlege
base of pure sciences. Engineering often uses appohes
that are practical but not sufficiently rigorous or well-
established from a scientific point of view. Inveriveness
is an important part of engineering tradition that is
difficult to define in precise terms, but its presace is one
of the cornerstones of the engineering professiomhe
differences in the methodologies of engineering angure
science are reflected in the realities of engineag
education. Although future engineers must be well-
educated people and should be taught science and
economics, the style of education of scientists and
engineers does not have to be the same. The methlodyy
of science is the most established and validated olo
available to modern researchers and, of course, camot
be replaced by the methodology of engineering. This
however, does not mean that engineering methodology
has no merits of its own. We advocate an inclusive
approach to the engineering discipline and relatets
future success to the ability of educational instittions to
produce broadly-educated specialists.

Index Terms- Methodology of Engineering and Science,
Tertiary Education.

WHAT IS ENGINEERING ?

Every engineer knows that it is not so easy to give
accurate definition of the engineering disciplinafter
searching through several dictionaries, | discayé¢hat they
do not offer identical interpretations of enginegti The
definitions given in dictionaries can be broadlasdified
into three categories represented by the followgtagements

C) The art or science of making practical applications
of the knowledge of pure sciences [3]...

One can see that there are significant differermtsveen
these definitions. Practical applications are tbeu$ of
definition A. Practical use is germane to this ustinding

of engineering, while scientific knowledge is noAn
engineer, according to definition A, is anyone wieals
with engines or machines; for example, a skilfuhtg@cian
putting an engine into use is an engineer. DefinitB
outlines importance of science, from which engiimggis
derived by applying science to machines and coctsbns.
According to B, engineer must posses a sufficiembant of
knowledge and, in modern terms, this probably means
holding an engineering degree. On the face of tloblpm
definitions A and B seem to be opposite but, irt,farese
definitions have a very significant common feature
engineering, according to both A and B, does nesess its
own systematic methodology. Indeed, according to A,
engineering does not need one since it is more &ke
practical skill while, according to B, methodologged in
engineering is provided by science. Definition C
essentially different from A and B. It points tcetbxistence
of a certain methodology within engineering thadliiéerent
from the methodology of pure sciences, althoughattieof
intuition is also important for engineering. Accorg to
definition C, an engineer is an ingenious persamne who
possesses special qualities of engineering knowledg
intuition and inventiveness.

All of these definitions are, of course, linguisiily
legitimate and the word ‘engineering’ 'may havdediht
meaning when used by different people in different
circumstances. Figure 1 schematically illustratéfemnces
in definitions A, B and C. It seems, however, tHafinition
C better reflects important tendencies in develaptmef
engineering and Figure 1C represents most accyrétel
state of the engineering discipline. The followitigcussion
demonstrates that engineering does indeed possessain
methodology of its own, which can be called 'engiimgy
logic'. Engineering logic has many similaritieswitut is not
identical to the methodology of pure sciences (them

is

A) Design and putting to practical use of engines oflogic' used here does not necessarily represenhalo

machinery of any type [1]

mathematical logic). Science is sometimes undedsam a

B) The application of science to the design, buildingvery broad term involving all known disciplines inding

and wuse of machines, constructions,

etcengineering but, obviously, 'science' should berpreted

Engineering science — Engineering as a field ofhere as 'science other than engineering'.

study [2]
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FIGURE 1
PLACE OFENGINEERING BETWEENSCIENCE AND APPLICATIONS

ENGINEERING KNOWLEDGE AND METHODOLOGY

An engineer working in an automotive design bureaas
his intuition and suggests a new configuration tié
passenger seats enlarging available space — thidyigical
example of engineering practice. Engineering aseipine
is concerned with not just making a particular mduokter
but with consistent design and manufacturing ohfggality
cars. These days the automotive industry produceshm
better and more efficient cars than, say, 40 yagrs This

of science and engineering diverge. The prime gufal
science is to understand the world while the progoal of
engineering is to improve it. Although, understamgdiand
improving can not be achieved without each othée t
difference in goals induces a certain difference tlime
methodologies. The statement ‘there is no soluiorthis
problem' is acceptable for science if the problenbéyond
its frontiers but not for engineering, which mugteo the
best possible solution even if a rigorous treatmaithe
problem is impossible. An engineer can not refoskuild a
new airplane on the grounds that he can not find
analytical solution and does not have a computevepfl
enough to resolve all details of the turbulent flaseund the
airplane — engineer must find solution for thiskjgemn using
approximate models of turbulent flows. If sciencees not
offer a rigorous solution, engineering must be iixe
enough to overcome this difficulty . There are ntone
examples of approaches or concepts that wered@gacto
introduced and used by engineers and only latee Wetjure
incorporated by conventional science.

Effectiveness of engineering logic is well
illuminated by the development of classical thergrainics.
The beginning of XIX century was characterised g@idly
growing use of steam engines while the physicarsm of
that time was not yet sure about the nature of. heat824,
French engineer Sadi Carnot published his work [4]
establishing the best possible efficiency of a lezggine. In
this work, Carnot invented an idealised cycle vilie best
possible performance while using an empirical motib heat
that existed at that time (caloric gas). This goad example
of engineering logic: although a scientific expltma of heat

an

happened not because modern engineers became md¥asS not available at that time, Carnot was ablestablish a

intelligent than their forebears but because ofuaedated
engineering knowledge in designing and building rgoed

correct logical link between temperature of thethszurce
and efficiency of the heat engine. The principal

cars. Engineering knowledge forms the core of thdhermodynamic works of 1850s by R. Clausius [5] aiid

engineering discipline and allows engineers to bgvéheir
personal inventiveness.

Thomson [6] combined the scientific basis of theé [hsv
declaring physical equivalence of heat and enerily the

Engineering knowledge is not necessarily fullyengineering nature of the second law. The fundaahent

interconnected but it certainly does not represeltng list

of separate intuitive recipes. Engineering knowtedg,

essentially, a structured knowledge that not omlystan

engineer what to do but also explains why. Onlycitired

knowledge forms a good basis for continuous, prEgive

development — one of the prime goals in engineering
while a 'recipe book' can not offer anything beydhihgs

that are already written there. Blocks of enginsgri
knowledge are linked and interconnected by logi@a-set of
formal, intuitive or commonly accepted
understanding of what we can accept as a validaesgibn,
proof or link. Hence, the engineering disciplindirked to
logic but is the logic practiced in engineering ezgilly
identical to the scientific logic?

concept of the 2nd law — the entropy — was intredude-
facto as a useful quantity without explaining itsygical
meaning. The physical explanation of the statistiedure of
the entropy was given only in the late XIX centbyL. E.
Boltzmann, J. W. Gibbs and J. C. Maxwell.

Engineers and physicists have used delta-funation
form of 'unit impulse function' or 'point forceginlg time
before the function was systematically introducephysicist
Paul Dirac [7] as the function which has unit imedgand is

rules and anZero everywhere with exception of one point whdresi

infinite. Even at this stage, the delta-functiomaéned to be
a mathematical nonsense --- the conventional iategfr a
function which is zero almost everywhere is zeralyGafter
works of S. L. Sobolev [8] and L. Schwartz [9]

No one would seriously doubt that engineeringmathematicians began to understand that, from mtieal

derives an essential part of its logic from scienaghenever

perspective, the delta-function is not a functiont ta

a scientific exp|anati0n of a observed phenomensn ifUnCtional. The delta-function and other generiﬂiize

available, engineering is happy to use it. Theeg bowever,
many cases when engineering can not express iedlyro
defined problems in terms of science or sciences dus
offer an answer for engineering problems. Thishis tase
when engineering has to invent its own logic arel ltgics
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EDUCATION IN ENGINEERING AND SCIENCE

Differences in methodologies of science and engingean
be also seen from educational
engineering and scientific curricula have many camm
points, a future engineer and a future scientisttaught not
only different courses, they are taught differenflyscientist
is expected to learn, become a top specialist selacted,
relatively narrow field and then move forward thenttier of
knowledge in this field. An engineer will have muldss
freedom in selecting problems that he would likestive
and he is supposed to select the best availaldatgai tools
and provide the optimal solution for this problefhus a

taught mathematics differently from mathematicianhile
mathematicians are presented with formal derivatiam
from of axioms and theorems, engineers, he argsteaild

perspective. Althougtearn mathematics by applying it.

Differences between engineering and scientific
curricula are less pronounced in advanced engimgeri
education fostered in leading engineering education
institutions (MIT, Cal Tech, MPhTI, etc.). In these
institutions, engineering students are expectedomby to
learn traditional engineering disciplines but alslotain a
broad scientific background that is comparable wiitie
scientific knowledge required for the conventionalversity
degrees in science. Advanced engineers can be found

research engineer needs to have a broader sdaentifivorking as engineers, or scientist, or researchdsraadly

knowledge than (although, maybe, not as deep aa) thdefined

required from a scientist. An engineer should bé& db
move promptly between scientific fields and quickdarn
the details of scientific approaches that are née¢desolve a
practical problem.

interdisciplinary areas. Advanced engimagri
education is most interesting for the present disicn since
its scientific curriculum is similar to that of stice degrees,
yet this style of education produces very distismécialists.
This distinction is more related to how students &ught

The benefits of teaching science to engineers arthan to what students are taught. In traditionaérgdic
commonly accepted and do not need to be advocdted. education a great deal of attention is paid noy émifinding

future scientist, however, can also significantgnéfit from
being taught some engineering-style courses. Angesit
would benefit from innovativeness, independentkimig, a
wide scope of perspectives, visual clarity, infokstgle and
other features typical for engineering education.
Engineering methodology is a powerful
practical tool that is used not only by engineaus dso by
scientists. A.N. Kolmogorov is known for the inttadion of
the theory of the small-scale structure of turboéethat now
bears his name [10]. It is less known to engingbes.
Kolmogorov is an outstanding mathematician who thaevn
the foundation of the probability theory by coniegt
probability to mathematical measure [11].
Kolmogorov contemplated
turbulence, it would have been logical for him tseu
mathematics of probability theory in conjunction ttwi
physical
turbulence. If he had selected this way of apprivacihe
issue, it is most likely that the theory of in€lrtiaterval of

laws of motion to analyse the structure of

the correct answer but also to ensuring that thdone using
proper scientific methodology. To receive a fukdit in this
tradition, a researcher must present his idea ve@dppto a
sound methodological framework. In engineering etioo,
the emphasis is placed on achieving overall sucdess

and solving a problem: an educated guess is as goquageer

mathematical analysis as long as it leads to cos@lation
of the problem (we stress that correctness of thend
solution must always be clearly demonstrated).

engineering graduate is more likely to pay mosthaf
attention to the issue that seems to be the kegyegieof the
problem while ignoring everything else. The abila§ not

An

Whenonly conducting quality research and publishinggrapbut
the probabilistic nature ofalso quickly solving the problem (‘can do' attitude an

important part of the engineering profession anid ik
reflected in engineering education.

This article is not intended to suggest that
engineering methodology is superior to the methogiplof
science. Quite the opposite: we do not know anytlietter

turbulence would have born someone else’s namee— thhan the methodology of modern science that wadugiéy

problem is simply too difficult for a strict soloti. Instead,
Kolmogorov acted like an engineer. He
determined that the dissipation of energy must Hee key
parameter for the inertial interval and derived kws of
turbulence from this assumption. It is worthwhienbte that
in the early stages of his career, Kolmogorov stddnot
only mathematics but also engineering and history.

developed over many centuries. It would be wromgydver,

intuitively to deprive methodology of engineering from any msean

its own. The successes of educational instituti@msl their
graduates) that combine inventiveness of engingenith

integrity of science, illustrate this point wellh&@ simplistic
educational premise of always teaching enginedudrfgture
engineers and science to future scientists doesepoésent

In early 1930s, von Karman -- one of the mostthe best possible choice. This work explores anplafxs

renowned engineering scientists and engineeringatdrs --
accepted a position at Cal Tech and moved to UiStates.
Von Karman was known as a strong proponent of gian
broad scientific education to engineering studeriikis,
however, was not the point that von Karman hadrgoie in
Cal Tech: by that time the need of sound sciengiflacation
of future engineers was well-understood in top Apaar
engineering universities such as MIT and Cal Teuhthese
institutions were employing many outstanding scimlahe
point that von Karman put forward during his tenimeCal
Tech and later in his book [12] was that enginséuld be
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why this is the case.
| S SCIENCE ALWAYS RIGHT ?

What can be done to protect new technologies that a
uncompetitive at present but, if they are givenhance to
develop, may become the mainline of technologicaypess
in the future? In technological developments, firistecting
role is entrusted to the fundamental science thas snerits
in a discovery that seems absolutely impracticapriesent
conditions. Engineering, on the other hand, is nmistested
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in discoveries that can be used now or in the fietare. dominant paradigm tends to retain its power beytmel
Thus, usefulness is the major criterion in engiimggibut not  limits of its productiveness but is inevitable @d by a
in science, which has to develop its own critefigight' and  new paradigm and this event is seen as sciengificlution.

'wrong'. These scientific criteria represent whatbroadly If a discovery is pressured into existence by aWer
called 'logic: we accept a scientific concept xplanation if  technological development, it can be found by saver
it appears logical to us and reject it otherwise. scientists simultaneously and independently. Ifiscalery

In theory, fundamental science must perform its ro comes ahead of its time, it is more likely to berfd by a
of protecting valuable discoveries from short-tenfluence  single person while others do not have even arghtslst
of the market competition but, practically, it istrfree from interest in it. In most cases, revolutionary wonkgre
its own hiccups. Scientific logic replaces praditgaas the rejected more due to indifference than because of
ultimate referee of scientific truth, the ruleslagic must be  somebody’s malicious or corrupt intent. The sciemti
thoroughly tested and can not be changed rapidly ahethodology would do a good job is assessing a ok
someone’s will. This makes these rules inherentlyfollows established lines while assessment of & raork
conservative and rejective of radically new iddasaddition  that designated to break established postulatesnoarbe
science is part of society and can not be free frmmous done within these postulates. Any formal system of
social interests even if objectivity and impartialform the  assessment appears to be incomplete in comparigbrihg
cornerstones of the scientific methodology. Thamdte  complexity of nature. It worthwhile to mention th#t
scientific paradox is that science, which is supposo Godel's theorem [18] formally demonstrates inherent
protect new ideas, sometimes tries to kill themarmgles of incompleteness of all sufficiently complex formal
'scientific hiccups' are numerous and well known. (axiomatic) theories (i.e. theory can not formalgsess
The revolutionary ideas of Abel, Galois, correctness of some of its statements). In apjdicab our
Lobachevsky, Boltzmann, Gibbs, Schwarzschild anshyma consideration, the Godel theorem means that sciesicanot
others were initially rejected by the scientificnomunity. It  have any formal algorithmic reviewing proceduret than
would be a mistake to simply blame ignorance disteless always guarantee distinguishing correct and incbmesults.
of other scientists for these significant mishdps. example, In most cases science does distinguish (or camglissh in
outstanding submissions of E. Galois introducingugr principle) rights from wrongs and encounters ppaci
theory in application to the solvability of polynaah problems only when its established methodologies or
equations [13] were reviewed by the best mathematicof  approaches are questioned.
that time — Cauchy, Fourier and Poisson -- whoeéhito These examples are not intended to produce
understand that work. The pioneering work of N. l.impression that science always makes mistakesimtipal
Lobachevsky on non-Euclidean geometry [14] wasctefe  questions while engineering does not. There arenpbas of
by another prominent mathematician, M.V. Ostrogksds significant engineering misjudgements and remaskabl
who did not see any rationale in this new theorlfhdugh  nearly prophetic predictions originated by scien€ne
we now know that Lobachevsky was right and Ostrdgjkgt ~ possible example of such predictions is that ofifigur
was wrong, this judgment is based on much latesodisry ~ machine [19] which represents a generic matheniatiodel
by A. Einstein of the general theory of relatit3TR) [15] of a computer suggested before computers were roebig
that deals with curved non-Euclidean spaces. Omdélses of and built as realistic devices. The concept of Theing
knowledge that was available to him at that timemachine stimulated development of the computemieiciyy
Ostrogradsky’s opinion was actually quite reasomabl and led to almost ubiquitous use of computers énehd of
Lobachevsky’s work was, indeed, irrelevant to comgerary  the same century. The positive examples, howear,not
science. Today we see Lobachevsky as a provinciahange the fact that, from time to time, sciencekema
intellectual whose work was not appreciated by apalitan  significant mistakes and, sometimes, an idea, whashbeen
establishment but, in the middle of XIXth centuhg was rejected by science as something that is not provan be
the Rector of Kazan University publishing his duliddeas accepted by engineering: 'this may be not proverbyelet
in a journal which was printed by the same univerdin  us try if it can do the job'. Here, we advocate blaming the
1916, K.Schwarzschild found a solution of the GTRscientific methodology for all previous mistakesriade but
equations corresponding to what is now called akblele  understanding its inherent limitations. When a pgob is
[16]. No-one believed in black holes including Heis  well within an area thoroughly explored by science,
himself (although it is worthwhile to note that Eiein did replacing rigorous analysis by an educated guessrisky
not try to prevent publication of these results dmld  strategy that can not be advocated especially whems can
Schwarzschild in high regard). Black hole theotiegame be damaging for the society. If, however, the oiirfework
popular only in the 1960s after discovery of qussar can not resolve the issue and a good leap forveangéded,
Science is a complex system with a very largerelying on intuition may be the only option avaib
information base and various ideas competing ag&ash  Whenever there is a need for new ideas and appeeatie
other for the right to be commonly accepted. Dewglent of  inventiveness of engineering discipline can become
science is not continuous but cyclic. This cycleswast  decisive factor ensuring successful outcomes.
noticed and consistently analysed by philosophemd®
Kuhn [17] who views history of science as a seqeeot ENGINEERING PARADIGMS
paradigms successfully replacing each other rathen a
continuous accumulation of scientific knowledge. A
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In spite of many notable successes of sciencentdogical

progress in general and the engineering discipline
particular often have to deal with various situasiowvhen

science misjudges the principal direction of itwatte or
fails to provide the required scientific tools.this case, the
major options available to engineering are:

A)
B)

proceeding forward blindly by trial and error;

some guidance;

proceeding forward while inventing
engineering approaches compensating for
absence of rigorous scientific tools

C)

One may notice that these three options corresporitie
definitions of engineering given in the first secti
Historically engineering has, perhaps, resorted tmixture
of all these strategies but there is an obviousaathge in
proactive strategy C. This option not only inviges
technological progress but also stimulates sciémeeove its
frontiers forward by introducing scientific rigor na
understanding into approaches that initially appeans
purely engineering tools.

Modern science has learned from its past mistakescan
claim a series of outstanding achievements. Inagnis
more a matter of sustained research while discogeri

something without science seems to exist only as a

hypothetical possibility. Anyone doing research or
investigation even with the purpose of creatingractcal
device is seen as a scientist rather than an esmine
Traditional disciplines fill all possible knowledgpace and

waiting until science becomes capable of offeringoverlap each other. Typically, any modern engimegri

project is closely connected to modern science @eals

new with economic, environmental, legal and social éssu
th&echnological progress has blurred the bounda€eparating

disciplines and significantly extended the knowlkedgase
expected of an engineer. The frontiers of purensgiehave
advanced forward and many fields, previously usefesm
practical point of view, have moved into the preati
domain. Although linking science and industry usetie the
cornerstone of the engineering profession, indaistri
decisions are now taken by managers — people who ar
specially trained to make decisions, mostly on eatn
grounds.

The changes in status of the engineering professio
can be illustrated by the following test. Launchimgpace

Our consideration shows that the appearance ahission is essentially a high-tech engineering qubjthat

engineering as a discipline with its specific mefiblogy that
we call here 'engineering logic' was predetermibgdthe
technological progress. The nature of engineeriogic|
which appears to be both rational and flexiblehet same
time, is determined by the need of advancing
technological progress. In its most general undedihg,
engineering is the knowledge core of technologicabress:
engineering is interested in knowledge that carused to
improve the world while science is interested iy &ype of
knowledge.

The role of engineering, however, does not remain
static and some of these changes are germane to our

discussion. In the age of the industrial revolutidhe
leadership in technological progress clearly bedahgo
engineering while science had to follow and givewne
engineering discoveries proper explanations [20fhdAigh
science was relatively
inventions were near the surface and anyone coalkiena
discovery. For example, Botanist Brown discoverée t
fundamental physical effect of Brownian motion apéech
therapist Bell invented a telephone.[21] At thaidi
outstanding personal qualities seemed to be asrtegoas
(if not more important than) scientific knowledgé&
traditional engineer was a person to be admirecst,Fhe
would have to design a bridge, then perform allessarily
calculations, then manage the bridge constructiojept and
finally, confident of his creation, the engineer ul stay
highly visible to everyone in the first vehicle \win across
the bridge. These old engineers represented a kabiar
combination of inventiveness, knowledge, leadershipl
social responsibility; they possessed unrivalledisdostatus
and were undisputedly at the helm of the technohlgi
progress.

Engineering discipline still seems to prosperha t
modern technological environment but changes insth&us

of an engineer are becoming more and more notieeabl
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then very few cases as officials (managers,

may, from time to time, also involve some scieatijoals
(for example, determining the composition of Jovian
atmosphere). Thus, the people working at NASA shdd
seen in most cases as engineers, sometimes atisssiand
officers,
bureaucrats). The Google web search engine retutmed
following number of hits:

TABLE |
WEB SEARCHRESULTS

2006 2007
240 000] 191 000

931 000 495 000
346 000] 295 000

Search string
"NASA engineers"
"NASA scientists"
"NASA officials"

inexperienced, discoveriesxd a One can assume that the found web pages refeeteatme

professional people working for NASA, yet their khig
professional status is associated by the media parfudic

opinion with profession of a scientist rather ttthat of an

engineer.

THE FUTURE OF ENGINEERING

The possible responses of the engineering professimew
challenges of the modern world are in line with tpgions
discussed previously. Options A and B presume ictisig

the scope of engineering discipline by leaving himg that
has something to do with science to scientiststhamy that
has something to do with economics to economistk san
on. The future of engineering confined by this aarr
understanding of this profession, which is isolaigd and
inward looking, does not appear to be glamorougirerers
will become technical labourers performing wellidetl

tasks under directions of scientists, managersigrducrats.
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Another vision for the future of engineering
profession is offered by option C that views engigg as
proactive, interested in everything that may adeanc(l]

technological progress and closely cooperating wither [g]
disciplines. Engineers, according this view, areemtors, {4}
thinkers and leaders bearing the ultimate respditgifior

technological..Engineering is quick to learn fronurg [5]
sciences and move into new areas whenever advarices 6]
science offer a new opportunity for technologicedgress.

Whenever science is trailing behind rapidly devilgp (7]

technology, engineering is happy to play a leadig and
stimulate appearance of new theories and methoigslog (&l
The engineering approach is always practical and
characterised by the ability to see a bigger péctinrough  [9]
incorporating a particular scientific or industr@bblem into  [10]
the broader context of technological development
Engineering is conscientious about socio-envirortalen
issues and aware of various economic constraims. I[12]
industry, engineering is the leading force that uees
responsible operation of existing facilities andvattement
of new technologies into industrial practice.

The future of engineering is not predeterminesl: it [14]
role for tomorrow is, to a large extent, determitgdoday’s
realities of engineering education. Making an irteen
leader and thinker out of every single graduatgispably,
an unachievable goal in any discipline but engimger
education should not be a constraint limiting thadgate’s
ability to become an inventor, leader or thinkeheTshort-
term interest of a particular industry in producaagpunch of
narrow specialists trained for a particular jobi{guoutine
in many cases) must be balanced by the long-teteneists
of the same industry and the rest of the societphtain
broadly educated and inventive individuals. In pres
conditions, the prestige of the engineering praofesss
determined by the ability of educational instituiso to
supplement their en masse production of enginegrs B2l
advanced engineering education with a broad knayded
base and an emphasis on creative intelligence rayahuity.

Even if some of the advanced engineering gradudti®g
choose to become scientists, managers, entrepeer@ur
politicians, their achievements would still advartbe key
engineering values.

The role of engineers in modern society is imparta
not only for engineers themselves. Societies withigh
status of engineers tend to be socially stabldntgogically
progressive and, ultimately, quite prosperous. fi&eire of
the engineering profession combines practicalityd an
imagination, stability and development, social cesgbility
and individual achievements. In its broad undeditam
engineering is the very central point of our modern
technological society with pure sciences and inthlst
manufacturing, rigorous disciplines and arts, state
bureaucracy and free enterprises — all of thenpasiioned
around engineering’s middleground. In coming desader
technological society will have to go though a eeriof
significant adjustments determined by changes iarg@n
supply. It is difficult to speculate about the maemote
future but the keys for new technologies resolvergergy
problems of coming decades are going to be in harids
engineers.

[11]

(13]

(15]

[16]

(17]

(18]
(29]

(20]
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