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llrc ain ofthispaper isto present some basic priDoiples and straregies for delelolnrg
hc creative thoueh ard iNentive abilily of €'rsi'reering stude"ts llrese princDles
j,rl nralegies can be inlroduced inside or alongside cotrrmtional lectures ed car Ie
,.lofted to fom a ntle of$ork at any problcm sohinB sessior in class Th;s sbtc of
..ort consists in a gradual quen;odDg md atrs*'erin8 on the main ideas. ootioff and
:iJrs nr\olved ia the given problenr" \'hich is h fact the t$icsl sorking beha\iour ol
i,\ rrsearcher. Ow approach is diected mainl,v al tle eryineering matheMtics and n
-onsists in shaping metacognitive skils and inventive rbilities by rraining studenls to
rrf,' lo solve troblems in a creative m-amer. Such actile and $eativc leamiDg can be
.Itted to ladous othcr leclrnical md non-lecftnical $bjects in tte eneineering

\ frnial elaluatioD ofdre application of$is approach to the non-feno(s me(allur:l.
: r.rromectanical md mechanical ensineerinB proFanmes of our unilersit is also

\ l)rcblem which faces tte eogineering educa(or today is ro eile ,n tlcquate an$\cr
I rhc continuously increasing rechnical. ecoromic aad ecologierl nceds ofitrduslr_1
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{.d socicty ,lld to €rsne the dev€Iopm€nr , i!ryrov€m€nt ofrhe educatioD &r
tnining of cngin€ds by adapting it to these needs. h the oonteryorrry tecbu
world we eecoirly n€ed good €ngineers, but a t$,erty-fir$ cetrtuy eqineer sin k t
conpet€nl cngineer ifand onlyifhe c8r be hv€otiv€ en8in€er.

We ere co[c€m€d here wiih atr att€qt to form elld dwelop speoific ard g@a
creative eid inv€otive skils rtrd abilhies by neens of n thematicrl courses rfot
arc, ofcoutse, corflrctitrg opinions conc€miig it€ positior of nlihematics in reLr-
to oth.r teclnicel or non-t€€lnicrl subj€cts ir t!6 eryireering c'llriflfurl ftac t
mny pcoplc itrvolved iD ergfu€edog .duc€tio[ who consider ihat h r
cont.npo.ffy world - efid cor{,uteni |'c intasively u!€d itr telchiD: -
educltion- lrlrlh€mrtics is not rccessrry or not !s inporhrt ts before i! i
qgineeting cunicnlum (s€€ reftrEocas) ed thn cdsequ€dty it may be repla.ci F
ryproprirte soft$ire pack Ses.

In our opitrio4 t€achhg mstlemrtics !s w€ll other ron-te.lnical subje.i, r
mgineering $ude s;s trses$ry rot oDly for its iqons.ce at cenain 1fl.5 I
various techjrical subjects, but also ls rn int€llcctud procels. However. c
Europeetr udversities of teclnology repot ttsl engine€dng frcufties have pl!' r
d€orcas. or have ateady desrersed the nunber ofhours of mrthernali€s in rh. -
five ye.rs. The etrect ofthis clange wil be felt in the fut|rle.

In oor opbioo, mdhenrtics 9 foros s significrot p|n of engirc€rinS d.p-
courses b€cause ln llen tics dmlops not oDly nsnbulnive skils bur can be 16 .
r v.hicle for cre{tive rnd an btical lhougbt slongsidc its role in developins Lgr
Itought. Educriors mult thdeforc be ootrviDccd ofthe irponmce of eocoot{t
$ud!trts to re8ard nuthcnatics as r rrturrl prrt of th€ir paokage of eisir.s!
skils, .s r fiI[dln€trtil €ngircering subject, iD eitc ofthe iDcreasirg penermE a
co@utels 8nd Erthenxatical software packrges b eilucation. Of course. $e & -
nt€nd to co en the role of coryuter prckages ia engineerin8 education ft -
cotrtnry, we are amongsl the shong 8(hocrtes of idestitrg computer-based evt-
:nto th€ tc.chirg ofmathematics. This new technology is itrt4ded ro make r6it
Dor€ efectiv€, to nake the mrthen tics mat€rial se€m more relevut- ro d-
students so thra they catr recogdse rd cope with siturtions in eryineerht r-
nrthenrtios is rppropriate, but we do noi eqect to su€ceed h a total subsrir!-! a
lhe $bject of Dathen tics by ooquter prokrges, howtv€r us€r-Fiodh -
exhau$ive lhey nly be. Thsefore, fron r pedaSogical sd did.ctic poinr oi .-
llc l€{chirg of mdh€mrtics m$ keep p.cc wilh rcw t€choloeie! hr | .
tempente n ![er, because coryutqs orn roi repLce the essertirl nela.6!-
rcle of nmtlpt atict lean|ed bJ pe" aM papet Wt\o'J4 m rypropli,re nitnd{l
l o*'ledge - le.med by petrcil atrd pap€I - our er8ineeriry studenls will toDrF t
poo I enployiry basic Esthematios to li!} theory srd tle physical world r. .a
use loft\I€rc paokages without u uderstanding of th€ firdmental prin._Ii' -
*'ldch ihc software is brsed. Even though h prsctioe etrgineerc seldon need ro -
ndh€mrtics rt the level trught d a lecldcrl university, the study of mr6-
nrust rt l€i$ be s€etr as a trsinfug itr logical thought snd sreative and in\ ent^ . r-
Thes€ irqonrnt shapiry functiotrs ofterchirS mrit€mstics cm be accoqli'ir.. iD
if rIlthematics is t.ught itr a o.eative *yl€, ir . E![r€r v,hich is appropnat. ra -
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Teaching stmtesies a neth'de l8j

-l Dain&hs dudents intges by de'loDllrdirg $e relcvrlce of Ill'thanalics to
-gteering needs atrd by eryh$ising its sigrifcrnce to eogirerrs itr dcvelopitrg
.\oli\iry, logiol m.lysis rDd crertivc thought. If tf,e tcrcbiag of mth€mrtics is
E-.readve, nrnely if it is reduccd to computiDg withour tftitrfthg, applyitrg
r-dbe wnhoul dducing d r€asoning rvitfiout rclle.lion otr wirt is beitrg dorc,
a6 rhe d.sied side ofthe educrtion l proccss is not taincd-

L 'f t}e lschiot of mrilcmdics is direded to*rrd lllis crdtiv€ wrn lt.[ we can
.9<a-1 ,r lesg thn our DrtbeD.tics irsnrdion wil h€b $ud€ots io rhiDt borh insid€
-i oulside the lD!&elDrtics srbjecl. Olr ep€riEcnts $e howev€r based on a strong
rarn€rr: h aI Rof,rdrn schoolr bcBioniit with p.iE ry sctoob conthuitrg with
c'rdary atrd tigh s.tools .od fiai$iry w'th undergrsdusre srd po$gadurte
r-i.s in universilies, odhelnrtics is trwht rt a very hiC Icvel Or, rnorc €xrctly, it
$ l.u8)t rt r high level, bcc.ns., mfoftmaa€ly, h thc b$ fivc '€sfs rlmos. rl
r5'n;n t€chDical uiversitics h.vc dc.rc.sed the number of courscs in

r.6dSh. therc rre n ny peoplc *io &gue ihrt r good aEincer is Dot oecessrrily t
Fnl mrtnertrtici!tr, w. hrv. estdlished . corrclnior betli€c[ rhe high lev.l of
rlcitr lics rnahed .t thc Ronmill iecldcd uDivosifics uDtil 1990. on oft hlld
-r dd highly lppreciated Ronndrn itrvetltors l4l, on thc other htnd. By meras of
-r .\anples as th€ folowing, we.re tryin8 to convinc€ c(tucrtors h cogiaeering of
- drrcogniaivc rclcwrce of DitleDrtics in dlpirg cre|tive .nd invdtiv€

I i..oursa ofil€ }!rr 1994 Ron|[ila hv€ntors ohrin€d u4]r 99 gold nedds, 44
i.!r m€dal$ 23 broDze dEdals ad 15 qccij prizes, .r fivc inaer tiotrd
.+6nions (beld itr Switzerh4 Crorti0, U.S.A, Bulg&i, lnd Ronrnir). Ar tt€
Eutioml corqeririoD ET REKA (Brulr€ls, 9.16 Nov. 1994), .lonc tle Rotr|rtrisr
tciute for bv€DtioD otn.iaed ro l€ss tirr 60 l|cdds (40 gold bd.is, 12 lilver
-drL 2 bronze ncdds .[d 6 gccid prizes)- (Udortuartely, there is not enouSh
-) atrd too linle efon is ilv.scd h Romnir to rpply lrlly of ihesc

t d opinion, sludeots will otrly b.com. oory€tmt T*uty-6rsr Carury €othe€rs
. i6 rre iDlrtrtiv€ .nginc6s So, wc tlbl thrt Diih€mrtics - *tricl phys rtr
+trl.lt role in slNpbg a crertive sDd irv€ iv€ thhtirS - is inded csseotial b tbe
.F.€ring cuniculuD-

: t ric cr.ttiv€ prircipl.r for rolving. probl.dr

:}.b:sic id€r ofour ntcqt to dcvelop r cr€rtive lDr erL sotuing my probleds
-n.naticrl, technicd |trd so on) is to try to follow the specific behaviou ol r
eJch wo*€r, lh|t G . gndud qucs.iorhg rnd es"€.hg or tte mrh norions,
taj rd idas hvotvd ir the problen |od its solutior lt is flr better if w€ begin to
!r our erSio.edrS stud€nts in srch I $j,le of wort by duthemrtical problens,
F .llle i! the cfily prn of ficir coursc thc studats .re unGftili sith rt.
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€[gineeling topics Therefore, lffs trahbg nay be s€st rs a metrcogtritiv€
background of lheir €ngineering invcntive ability, as ! prepantion of those logical
tools wtich are to be us€d h their posstl€ fitue res€0rch activity h eryine€rin8. ln
our opinion, itr order to €quip $ud€ots vritl srch itrvc!trdwe ddls, *€ t[usl ptodotc a
cre.tive behwiour in teachhS and leamirg Erlhen-atics.

By crertive behwiour we rDcln' ft( ofall the style ofrerohirg Indee( engineerine
mrifi€mrtics codd be taught rs a vehicle for orcative thouglt rnd aElysis rrlher thal
sjr aoadeEic $bject *{ich seeks for the most rigorously coneot €4hnation. An
rctwe te.chitrg i! to be rdoF€d so thrt tbe te{cter cm aoourage snrddts in ,
contiNous logicll questioning a rnswerirS on the ficts Lc teechcs !d on the
ressonin8 he u!€s. H€ wil often be wilinS to r€duoe the codlent ofcouts€s and ro
hcrers€ the intell€cturl chrletrge \a,hich [€ otrers. By a cre$ve b€ftrviout in
te.chitr& we fljther mern ! perm,trenr crre to equip studeds wlth a finn base of
math€mrlical l owledge rnd s clefi ud.rstsrditrg ofit! mrin cotrcepts together witi
r conslant €fon to demor$rrte its retevrrc€ to eagheerirS reedi Modeling wili
nrrhemrtics is m ffer wnerc ihe r€levsDce cm be derb,Dns6ncd mosl s.d$crort.
but havirS itr vi€w the frct thrt studmts have fttle or !o etrgincering brckground 

"rthe $rn of iteir cou$€, the early ex.rples of modcUing Sould be the siqle and
r.|li$ic.

Fonowirg these nodelitrg cxerci!€s h is desirable tl,l rny dgbcer should be able to
undersird the form rtion of flr endft€dng problas, to cotrfuct r model, to
recognile lioitations inh€rent itr th€ model, to follow @themrtical argumenls in .
critical rnd constructive wry ud to interprct resl ts fton tbe model in terns oltle
8ii€n €n8in€€rbg problcm In order to trrin $udats in r creative leaming of
nlthenltics we hrve to direct thc ordimry pmblem solving sessiotr lowards ,r
active ard crdtive one. To lLis end ore wil folow some genenl creative principles
,nd $itrble sturleBies in sohing probledr, These brsic p.itrchles - .s $rted ia out
paper [31 - &€ the folowbg ttr€e orc!: l) the algorittmioity prirciple; 2) tlte
gaerality princble; 3) the gerelalilstion prtucble

To sohe a problen by the rpplymC t\. algorithmicity prittcipl€ u/€ m€rn to
construct r well ordered solurior $ticl ircludes a[ essentirl sleps in a Sradua]
sro@lsion. The ge@rulity pritGiple rpplicd ir sohirg a problem ts$Ees to
cor$uct or to ldopt ald ro r€trin oDIy thos€ oelhods efiioh could be ryplied ro
oth€r siEillr or kindred probleo!. Ir short, the gmerElity prirciple slecls the general
methods for sotuiit a givcn (cliss of) problcd!). By rypli139 &e Eenenlisatto'
pr)rcil, itr sotving a probleD, wc try to obtrin . Inore gesersl strtemenr of th;
problen, ifpossfule, de nost genenl stat€rnent ofit, repl"chg rl1 parliqr]ar dlta or
rs$qtion by e geoenl one. It is iryortsd to s1rcss the &ct thrt not an
nrtllenrticrl problcms crn be tloHed ir slch a credive way. Thereforc w€ reed .
collection ofsel€cled problenr $&ich can bc trka or rdapted, by a crrcfirl anrlysii
ffom sev€rrl tenbooks and cole€tiotr pmblems [e]. T!€se exercises md problem'
cm be trher Fom dif€rert lcvels ofmthemrtic loowledge md c{[ h|ve ditrere
d€grees of dimorhy. By sysremticaly spplyitrg ore, two or rn tlree of ti€s.
pdncbles in solving slch or€rtiv€ problems, w€ exTect to tr0h studerts in an acti\.
rnd cae{ive tpprorch to ,ny problem they necl, w€ hope to disc.ver md develop

6eir hvetrlive Bbli

or_qanising special
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€sily adopted snd I
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I Crse ltudi.s
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diff€1 t to inlcres
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n n bvetrtive abihies and fiIs itrside ad outside nathenatics €ourses. To attai!
r- goal we hlve to choose betw€etr hitiatiry special cas€ study exercises ioside
.r\eotioml lectures md problem solvitrg ssiom in olass on th€ otre han4 ard
-:dsin8 special semhars aloryside ordi!,ry lectures, on t!€ ot!€r hand. Our
.gnil]mts have b@ lrucmfated ffiinry on conbinhe lhese two approaohes,
bi'g sf,ess on rhe s€co . Regaiding thes€ specid problem solving sessions, we try
r roke is mrny accessible cretrtive probl€ns as poslible $'essing tne cbar
?6c:tion oferch creative principl€, in order to help $udefis to leam to:

. anal)Ee carefiIylhe stat€merxt of theproblem,

. conltruct logicalty rn algorithnic solutio4

. anabse in detail the criticrl lteps md reasonings in the ottained solution,

. discover tle reasonines we can iryrove or g€rxenlise,

. det€ot and rcplaoe any puticulff drta al1d assuqtions by a generd one,

. €adow with gereraliry attributes the met[o(s), alSoritbEs ard teclniques

. disoover as nany quesrions arisine fion the given prcblen rnd hs solution
as possible,

. answq these qBestims ir a critical way md to formulate new problems
ariling ftoln the given problem,

. slmnaris€ ad report catrclusiors.

ta.r fve years of e4eri€nce rnd itr view ofour prnial eiduatiotr we ['e convinced
-- if *€ solve together a sufici@t truDbq of such problm md theD the students
Jr. themsehes other similar or kindrcd problens, 'v€ discover, form ard develop a
*.ie mrtrn€r md rcasoning in our $udeDts. We thitrk lhis methodology car be
d adopted ,nd adapted itr teaoting otter fmdlmeltrl, t€{hiorl or non-teo}nical
iatE:tiotr the engineedne cuFiculuna

I Cllc atudi€3

r r.fl€.tiotr ofcase studies is being prepded by l[€ au6or ad it js hop€d lhat it wil
- be published. It would be desinble thqt the book Sould be acoonpanied by a
{rr libnry suitable for coquter aided leses, as in I5l od t21. Fiom a
&dc point of view, ir sohitrg thes€ pmblem w€ wil sinukfleoulv fes the
- Eeps itr modeniag a ptysical problem, becruse a mathematics couIs€ speciary
L .leineers mr$ cledly show studeDts that the rpplicition of mathemrtics to an
ri€€rhg problen consists ess€fltiaty in lfie folowing thr€€ phrses:

. tl,nll-atiotr ofthe 8ivetr physical tufomation into a mathemrtical foflD, tlat is
a corsfuctiotr of! mdh€mrtical nodel ofih€ physical situation;

. rertm€nt ofthe nodel by nlihemtical nethods and solving of the obtained
€qurtions by analytical or nunerical dethods. This ftf,ilhes the solution of
the given problen tu nath€natical fom;

. interFetrtion ofthe nlthenatical resufts h the pl'ysicd t€ms.

{ 6ree sieps seem to be of equal iDportmce h mode itrB, hut it n Bderaly very
61rh to interest students i! slviry $rch protl€m5. As it cu be *etr t2l, t8l, ou
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cr€ativ€ approach is rsther coNenienl for illustating thes€ nodelirg phas€s too and
to encourage students to prastise ft.

Each principle nrs its own relevarce, ihe most iDportmt seeG to be the
getprahsatiot prirciple \\hict alowed us to iritirie eqloratioDs it m! y diredions
tal, [8]. Ifwe $cceed in eryl'asilin8 so mmy aspecls $aiing fion s givetr problcnl-
we forn ad tain a oreative Dlnrer ofthinking ard r€asoahg, we develop inventi\e
skills h our students. But, tow E !y problefts crn we slve i! such a creari\e
Drller durbA the Dl thematical h$rucliotr ofoui sludents?

To be hon€st: very few. Howwcr, we could us€ prns of lhis cre{tive s-vle ol
teachitrg (or we sirnply us it, consciously or mt) in our adn'fty, insead ofthe wholc
approach which is very difrcult to inplement. In rfly case, I rft cotrvhced thar
succ€ss in trainin8 such sreative skills lnd abilities depetrds a h.rge deasure on fic
€xi$em€ ofslch cr€rtive mome s i! our teachhg rctivity.

I o€casionaly ins€ned l[@ in my lcclures and tequently in problem solvin8 sessioD
class. A correlation between this style ofteaching erd th€ inventive abilhies in which
we train oui studerts, has been sludied otr a sanple ofgrsduates (ik€€ engineerinc
prognns) md reponcd elsewner€ (s€€ section a). After thes€ expcrimots w€ are
coovinc€d that, if we solve togelter a $ficient nunb€r of such problem and lhen
th€ stodeds soke by theretues other sinrlar or kbdr€d problemr we contribure ro
rhe developmeot of then netrcogilive iNentive slils. but it is imponant to srres!
the fast that not any lroblem or exercise catr te taolled h such a creative wat
During the lr$ re! yean, I lav€ n de a oole€tion in a special problem sohin3
session - The Seminrr on Creativ€ Mdhenrtics - intdd to silrubre rhe res€arch
abilhi.s oftbe $ud€trts fiom de mrtheDrtics d'd son€ eryhecriDS pro8raG ar oul
Udv€rsity.

This activity usualy coverc 6 weets, but we are Soing to ext€nd i ro 12 week. Anr
w€ekly seslion comi*s in

. a problem solvitrg s€ssion in classr

. home worh

. repons on the hdividual (or team) activiry.

4 Ev.lurtioD r.d finrl conclNiobs

Folowing r c€nrin netsur€ rhe cr.ative $yle descnted h sectiotr 2 and 3 w€ ha\e
taught a course of lec'tues to the m€chanical €ngineedng progr.rnme atrd lo rhe
€lectronecharxical engineerhs progamm€. We }rv€ rlso taught lwo couses of
lectures to the metallurgy pro8ramme following in a large measure the principle.
described, Inv€rtive rbilities jd skils have been evduated by ihe actn/tuy of rhe
Semimr on Ergirecrhg Invention (dned€d by Professor Ch.VolcoviDschi). Hn
report is the fonowing [6]:

. Metdlu.gy progamrne (1990
promistug inv€ntors:

Electromectadcal
lromising inventor
Mechmicai {sine
hrve 2 proEising n
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. Electloflechrnical proglaInme (1990 - 1995): from 25 giaduates we have I
pronisbg inveftor;

. Mechmical engineering programe (1990 - 1995): fiom 50 saduates we
have 2 piomisiDg irventors.

h +ne of ouI particui"r eqerioents - on a $mple ofnetalurgy, electromechanical
Ed mectanical €ngine€rhg. fiom a sinele series of graduates - the results obtained
!.ouage us to o(end ,nd ro recormeDd this creative teaching md leaming to other
asc $bjects h lhe engine{ing cNicuhlm and to other prograns. Furthemo.e, a
:i.a?r conehtioD betw€en the nrth€mrtical howledge ofthe snrdents and aptirude itr
smlion (eight ofdne promising inv€ntors obtained hisfi narks at a[ nathenatical
Mhations) it js shoM by our ex?erinents.

Barry,M.D.t and N.C.Steele (1992) A core cuniculm h matfiematics for the
European engineer, Doclrme.t 92. I SEFI Bruxeles
Berinde,V. ( 1995) How to stimulat€ €ngineering inv€ntjon by means of
math€nrtical apprcaches! ftoceed.Int.Confermce'Tea€hiry Marhenatics for
mduglf', 18-20 Sept.1994 (Ed- J.Cemy), CTU Publishine House, Pnsue,
pp.19-29
Beinde,V. ( 1994) Basic principles concmiDs the crearive solurion of
problens (in Ronanian), ,uc|Sem.Creatiy.Ma|, vo1. 3 ( I 993- 1994), 89-98
Berinde,V. ( 1994) St ategies for solr'ing 'foflowing prob]ems" (in RollEid),
Lnc^SenUeatir.Mal , vol. 3 (1993-1994\, 29-4"
Berhde,V. and O.Cosm ( 1994) An elementary seoretic corstflction
perfomed by a conputer, -BuL St. Univ. Baia Male, voL)t, 99-r0a
Berinde,V and Gh.Volcovitrshi (1995) Atout the relevance ofdweloping
the creative and inventiv€ abilities to engineering students by nems of
Dotrtecltricsl coursess Inter.Cotrf 'Educatiry the whole engineei', Cracow
Univ. ofTechnology, 4-6 May 1995, to appeflr in SEFI Document No. I 5,
t995
Berinde,V. (l995) Activ€ probl€n based leaming for developins the invetrrive
abilities of etrgineerine students5 Proceedings of SEFVCDWG Conferace
1995, 1-3 NoveEber 1995, Utriv. ofTwote, The Nerherlands (to apped)
Berinde,V. ( 1995) A colection of seatively sohed problem for sirulating
the iryentive atilities of studmtq ICTMT, Nader University Editrbwsh. a,7
September 1995
Clalton,B.R. ( 1995) Mathenatics for etrgineerc: an inleg'ated approach in
Mustoe, L.R atrd S-Inbberd (eds) Proceed. ofconf'Mathenaticrl educatioD
of engine€rs", Odord Univenity Press
Craggs,Lw ( 1978) Rigorous engineerine mathemrticq BulLLM.!, t979,
pp.30?-308
Grddsai4F. ( 1 989) Problen solving for tus1 yer udvdsity studenls, in
Modeliry, Applicatioff and Applied hoblem - Sokiry, BIuD-W.. Niss,M.
and Hutley,t.(eds), EIis HoRood
C'randsdd,F. (1990) Can a looal problen solving contest heb to d*elo!
problem solvirs ski s?, Mathendtics Compennot8,VoL 3,No I.53-56

_t

| l

: l l

. : l



188 Bennde

t13l

tl4l

Mustoe,L. (1994) tdustry ex?errs - but ufio shodd detemtue the
oudculum?, SEFI Math. Workins Croup Ne*Elettei, N ov.Ig94,2_25
PlrhteatrllB. ( 1995) 1994 - A new hmimn ofthe RoInlnirn iNetrrion (iD
Romflisn} Nstiotral Insiiure for lnventioq tasi RoD.Ntria
Polyr.C. { iqo5) MrfteBatical djscovery. Otr mdeKoditr& teaming md
teaclhs problm sotviD& Joh Wiley & SoD5. New york
Pope, rA (1978) Tle nathenltical €duortion ofengin€ers - where nerl?,
BuLLM.A.. 27 +27a
Rade.L. {ednd) ( l0ol) Teactritrg of Modem Enginee.ing Mortenarics,
sludenUneratw & Chartweu - Bnn. Ll.trd. Swedex
ShercIqI.A ( 1978) Can mih€lnatios form the hearr ofthe mgiDeering
cufictlln'], B1i I. L M. A., z7 9 -Za 1

20 THE PRI
FRACTT
EDUCA'
AT THE
UNIVER
D.M. DIMOV
Departu€Dt of Srr
Bulgaia

I15l

!6l

lr71

tt8l

nrs paper inforns abor t
. tcrms of t€aching and I

f,rt*ords: Fncture, fatig!

I htmductioo

^r present the appfcation
ut sructures are kugbr
rGhnical Uriversity of Sol

Tbe signiffcsnce whh r€sF
Eqtes ofFaclule and hti!
b.sic cou'se is atteded by
coorse on 'Stsetrgth of [,fi
d..ficd engineeriry.

$l thiDk tlbt by netns of
6c possibility to becDllte a.
rructures and gaul sorne c
ririabl€ loads. Ar the same

f.achinq d.d E trcatio, k Fru
le96 by E&FN SpoD.2 j Aou


