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Predgovor

Razvoj tehnickih i tehnoloskih znanosti, koji ukljucuje inovacijske procese, osnova je cje-
lokupnog drustvenog napretka. Razvoj vrhunskih tehnologija i tehnickih dostignuca u svi-
jetu doprinio je znatnoj kvaliteti zivota i razvoju duhovnih i materijalnih sadrzaja svakog
pojedinca te unio veliki utjecaj na sva ostala podru¢ja ljudske djelatnosti.

Zbog naglog razvoja tehnic¢kih znanosti veoma je slozen odgovor na pitanje o daljnjoj bu-
duénosti smjerova razvoja koji mogu imati veoma pozitivne, ali i negativne posljedice po
svakog pojedinca, ali i drustvo u cjelini. Zato je integralni i uravnoteZeni razvoj cilj za na-
predak i kvalitetan zivot ljudske vrste.

Hrvatska kao mala zemlja koja nije visoko na skali opce razine vrijednosti odnosno kvali-
tete Zivota, posebno nakon burnih tranzicijskih dogadanja koja jo$ uvijek traju, sigurno ima
nuznu potrebu brzog uklju¢ivanja u spomenuti razvoj tehnickih i tehnoloskih znanosti kako
bi dostigla razinu znacajnije razvijenih zemalja, posebno u okviru Europske zajednice. Zato
je vazno da kao bitan i integralni dio razvijenih procesa drustva sagledamo proslost, sadas-
njost i buducnost tehnickih znanosti u Hrvatskoj te predlozimo kvalitetne, optimalne ili al-
ternativne procese razvoja.

Kao zemlja s nazalost malim brojem temeljnih istrazivanja, a kao korisnik dostignuéa u
svijetu, koja se rabe i primjenjuju kod nas, sigurno je jedan od pravaca dosad kod nas ne-
dovoljan i snaZan proces razvoja inovacija koje mogu brzo utjecati na kvalitetu razvoja
naseg gospodarstva.

Akademija tehnickih znanosti Hrvatske je znanstvena organizacija odabranih i istaknutih
znanstvenika s podrucja tehnickih 1 biotehni¢kih znanosti koja se bavi promicanjem tehnic-
kih znanosti, okupljanjem i poticanjem suradnje znanstvenika razlicitih tehnickih, bioteh-
nickih i drugih podruéja zbog podupiranja djelotvornoga znanstvenog i gospodarskog ra-
zvitka Hrvatske, posebno kroz poticanje suradnje znanosti i gospodarstva.

S obzirom na ovako odredeno poslanje Akademije, a u svjetlu opéeg stanja u drustvu koje
je nuzno potrebno bitno unaprijediti, odlucili smo kao prilog problematici uloge i razvoja
tehnickih znanosti organizirati Okrugli stol ,,Stanje i buducnost tehnickih i biotehnickih
znanosti u Hrvatskoj u 21. stoljecu”, koji se odrzava 8. svibnja 2017. na Fakultetu elektro-
tehnike i1 racunarstva Sveucilista u Zagrebu. Ovaj cijenjeni Fakultet dugogodisnji je podu-
piru¢i ¢lan nase Akademije te ovim putem zahvaljujem uvazenom dekanu i prodekanima



Fakulteta, kao i njihovim suradnicima, na gostoprimstvu i organizacijskoj podrsci u pripre-
mi ovoga skupa.

Ovaj skup zamisljen je kao doprinos utvrdivanju potrebe primjene tehni¢kih znanosti u
buduéem razvoju Hrvatske, interdisciplinarne suradnje tehnickih i drugih struka sa Zeljom
da pomogne onima koji kreiraju strategije razvoja hrvatskog gospodarstva i cijelog drustva.

ey

stolu “Stanje i buducnost tehnickih i biotehnickih znanosti u Hrvatskoj u 21. stoljecu”

sazetke radova ¢lanova Akademije tehnickih znanosti Hrvatske, nasih najistaknutijih znan-
stvenika i struénjaka iz podrucja tehnickih i biotehnic¢kih znanosti, nastalih u suradnji sa
cijenjenim kolegicama i kolegama s njihovih mati¢nih institucija — sveucilista, fakulteta,
instituta, akademija te tvrtki u gospodarstvu.

Viadimir Androcec
predsjednik Akademije tehnickih znanosti Hrvatske



Rijec Predsjedatelja

Razvoj tehnickih i biotehni¢kih znanosti osnova je cjelokupnog drustvenog napretka. Bez
obzira na neupitnu vaznost fundamentalnih istrazivanja, svjedoci smo da se posljednjih
godina fokus medunarodnih istrazivackih natjecaja usmjerava prema primijenjenoj sferi.
Naglasenost inovacijskih procesa takoder je primjetna, kao i preporuka uklju¢ivanja malih
i srednjih poduzeca u istrazivacke aktivnosti.

Zbog ubrzanog razvoja tehnickih znanosti, odgovor na pitanje o budué¢im smjerovima ra-
zvoja nije jednoznacan. Republici Hrvatskoj, kao manjoj zemlji s jo$ nedosegnutim vrijed-
nostima kvalitete zivota i tehnolos§kim standardima razvijenih drzava Europske unije, jedan
od visokih prioriteta treba biti promisljanje vlastitog odnosa prema temeljnim nacelima ta-
kvog razvoja.

Pitanja optimalnog visokoSkolskog obrazovanja i poticanja inovativnosti, kao i primjerenog
ukljucivanja inzenjerskih znanosti u opée drustvene tokove, daju posebno znacenje vaznosti
analize postojeéeg stanja i zacrtavanju smjernica buduéeg razvoja.

U smislu gore recenog, Akademija tehnickih znanosti Hrvatske organizira okrugli stol ,, Sta-
nje i buducnost tehnickih i biotehnickih znanosti u Hrvatskoj u 21. stoljecu* s ciljem pro-
misljanja uloge tehnickih i biotehnickih znanosti u budu¢em razvoju Republike Hrvatske te
doprinosa Akademije pri promicanju razvoja drustva temeljenog na znanju i primjeni novih
tehnologija.

Zdravko Terze

Dopredsjednik Akademije tehnickih znanosti Hrvatske

Predsjedatelj skupa ,, Stanje i buducnost tehnickih i biotehnickih znanosti
u Hrvatskoj u 21. stoljecu ™
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Agié, D.'S, Rajendrakumar, A.'2, Pap, K.'34, Ziljak, J.*5, Agi¢, A3, Ziljak, V.35
'Akademija tehnickih znanosti Hrvatske, HATZ

2The Technological Institute of Textil & Science, Birla Colony, Bhiwani, India
3Graficki fakultet Sveudilista u Zagrebu

*Sveuciliste Sjever, Sveu¢ili$ni centar Varazdin

*Tehni¢kog veleuciliste u Zagrebu

darkoagic@yahoo.com, profanayath@titsbhiwani.ac.in, klaudio.pap@hatz.hr,
vziljak@grf.hr

Blisko infracrvena spektroskopija
blizanaca hojila na tkanini

Sazetak:

Dvojne slike na tkanini postignute su s blizancima bojila po metodi INFRSAREDESI-
GN®. Eksperimentalni rad je proveden kao tisak na zuckastoj tkanini koji je upravljan
modelom CMYKIR separacije boja i bojila. Forenzicko skeniranje prototipa zastitne
odjece je provedeno barijernim filterima ultravioletnom , vidnom i blisko infracrve-
nom spektru.

Taj postupak upucuje na proSirenje sigurnosnog tiska uz primjenu dvojne, sakrivene
informacije na razli¢itim materijalima: svila, poliester, pamuk. Znacajke heterogenih
podloga, bojila, razli¢itost pristupa nanosa bojila otvaraju Siroki prostor dizajnerima i
tehnolozima za primjenu vidljive i sakrivene slike u skladu s njihovim idejama, kon-
ceptima, projektom ili trazenom produktu. U cilju stvaranja slika s NIR IRD tehnolo-
gijom definirani su dvojni parovi bojila nazvani “blizanci boja” te su prikazane njiho-
ve reprodukcijske barijerne i spektralne znacajke. Dat je regresioni model na bazi
eksperimentalnog rada u postizanju jednakosti blizanaca bojila u vizualnom spektru.
Svi tonovi bojila imaju jednake spektrograme u podru¢ju do 900 nm s razlikom AZ za
,Vvizualna i infracrvena“ bojila.

Kljuéne rijeci:

prosireno vizualno podrucje, NIR tehnologija slika, dvojna slika, dvojne boje, barijer-
no skeniranje, IRD na tkanini
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Agié, D.'S, Rajendrakumar, A.'2, Pap, K.'34, Ziljak, J.*5, Agi¢, A3, Ziljak, V.35
'Croatian Academy of Engineering, HATZ

2The Technological Institute of Textil & Science, Birla Colony, Bhiwani, India
3Faculty of Graphic Arts University of Zagreb

*University North, University Center VaraZzdin

Zagreb University of Applied Sciences

darkoagic@yahoo.com, profanayath@titsbhiwani.ac.in, klaudio.pap@hatz.hr,
vziljak@grf.hr

Near-Infrared Spectroscopy of Twins Dyes
on the Fabric

Abstract:

Dual images on fabric are achieved with twin colors according to the INFRAREDE-
SIGN® method. The experimental work was performed as print on yellowish fabric
managed by the CMYKIR model of colors and dyes separation. Forensic scanning of
protective clothes prototype was carried out with barriers in the ultraviolet, visual and
near infrared spectrum.

This procedure expands security printing by implementing dual, hidden information on
various materials, such as silk, polyester, cotton. Characteristics of heterogeneous sub-
strates, dyes, variety of ink layer/coverage approaches opens a wide area to designers
and technologists to use visual and hidden image according to their ideas, concepts,
projects or demanded product. To create images using the NIR IRD technology, pairs
of dyes were generated, called “twin dyes”, and their reproduction barrier and spectral
features are presented. A regression model based on experimental work to achieve the
equality of twin dyes in the visual spectrum is displayed. All color hues have the same
spectrograms it the area to 900 nm with DZ difference for “visual and infrared “ dyes.

Key words:

expanded visual domain, NIR image technology, dual image, dual colors, barrier scan-
ning, IRD on fabric
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Banié, N., Lon¢arié, S.
Fakultet elektrotehnike i racunarstva Sveucili§ta u Zagrebu
nikola.banic@fer.hr, sven.loncaric@fer.hr

Postojanost hoja u digitalnim kamerama:
pregled trenutnog stanja i buduci smjerovi

Sazetak:

Metode za postojanost boja su vazan element sustava za obradu slike kod vecine digi-
talnih kamera i cilj im je smanjiti utjecaj osvjetljenja u sceni i karakteristika senzora
na boje objekata. PredloZene su brojne metode za postojanost boja pri cemu glavne
grupe Cine brze, ali manje tocne statisticke metode te slozenije, ali i to¢nije metode
temeljene na ucenju. S vremenom je ostvaren znacajan napredak u brzini i toCnosti
ovih metoda, no u nekim izazovnim uvjetima osvjetljenja i scene one jo$ uvijek zaka-
zuju. U ovom radu dan je kratak pregled najvazmjlh metoda za postojanost boja. Raz-
matra se potencijal za njihovo istrazivanje i razvoj i prikazuju se neki buduéi smjerovi
i trendovi u polju postojanosti boja.

Kljuéne rijedi:

postojanost boja, procjena osvjetljenja, poboljsavanje slika, obrada slike, automatsko
podesavanje bijele.
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Banié, N., Lon¢arié, S.
Faculty of Electrical Engineering and Computing University of Zagreb
nikola.banic@fer.hr, sven.loncaric@fer.hr

Color Stability in Digital Cameras:
Overview of the Current State and Future Directions

Abstract:

Color constancy methods are presented at the beginning of image processing pipelines
of most digital cameras and they aim to reduce the influence of scene illumination and
sensor characteristics on object colors. Numerous color constancy methods have been
proposed with the main groups being the faster, but less accurate low-level statis-
tics-based methods and the more complex, but also more accurate learning-based
methods. Over time a significant progress has been made with respect to the speed and
accuracy of these methods, but there are still challenging illumination and scene con-
ditions in which these methods fail. In this paper a brief review of the most important
color constancy methods is given, the potential for their research and development,
and some future directions and trends in the color constancy field are presented.

Key words:

color constancy, illumination estimation, image enhancement, image processing, auto-
matic white balance.
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Barbir, F.
Fakultet elektrotehnike, strojarstva i brodogradnje Sveucilista u Splitu
fbarbir@fesb.hr

Razvoj, inzenjerstvo i primjene
membranskih gorivnih ¢lanaka

Sazetak:

Gorivni ¢lanci su uredaji koji kemijsku energiju goriva direktno elektrokemijskim pu-
tem pretvaraju u elektriénu energiju. lako je princip rada otkriven jo§ 1838. godine,
intenzivan razvoj dogada se zadnjih 20-ak godina. Ovisno o elektrolitu postoji vise
tipova gorivnih ¢lanaka, ali se najdalje otislo u razvoju membranskih gorivnih ¢lanaka
koji kao elektrolit koriste polimernu membranu koja ima sposobnost provodljivosti
protona. U radu je prikazan pregled razvoja membranskih gorivnih ¢lanaka, njihovih
glavnih komponenti (membrane, katalizatori, bipolarne ploce, razvodno polje) i njiho-
va primjena. Osim razvoja materijala za prethodno navedene komponente, istraZivanje
i razvoj ukljucuje istrazivanje degradacije performansi s vremenom, modeliranje pro-
cesa unutar gorivnih ¢lanaka (elektrokemijske reakcije, prijenos topline i tvari, provo-
denje protona, protok fluida) i razvoj naprednih dijagnostickih metoda, kako u svrhu
boljeg razumijevanja procesa u gorivnim ¢lancima, tako i u svrhu upravljanja njihovim
radom. Gorivni ¢lanci imaju Sirok dijapazon primjena od onih malih snage reda veli-
¢ina 1 W koje se mogu koristiti kao zamjena za baterije preko prenosne i stacionarne
proizvodnje elektri¢ne energije i kogeneracije do pogona razli¢itih vozila (bicikla,
skutera, automobila, autobusa, vlakova, brodova, pa ¢ak i aviona). NajviSe paznje pri-
vlac¢i primjena za pogon automobila, koji su, istina u malim serijama, ve¢ u komerci-
jalnoj prodaji. Rad takoder sadrzi perspektive razvoja gorivnih ¢lanaka i njihove pri-
mjene kako u svijetu tako i u Hrvatskoj.

Kljuéne rijedi:

gorivni ¢lanci, vodik, elektrokemijske reakcije, dijagnosticke metode, vozila na pogon
gorivnim ¢lancima
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Barbir, F.

Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture
University of Split

fbarbir@fesb.hr

Development, Engineering and Application
of Membrane Fuel Cells

Abstract:

Fuel cells are devices that convert the chemical energy from a fuel into electricity
through a chemical reaction. Although the principle of work was discovered in 1838,
intense development has been going on for the last 20 years.

Depending on the electrolyte there are several types of fuel cells. The most advanced
development of membrane fuel cells includes the fuel cells that as an electrolyte use
the polymer membrane with the ability of the electrical conductivity for protons. The
paper provides an overview about the development of membrane fuel cells, their major
components (membranes, catalysts, bipolar plates, conductive field) and their applica-
tions. In addition to the development of materials for the above mentioned compo-
nents, research and development includes the investigation of performance degrada-
tion over time, process modelling within fuel cells (electrochemical reaction, heat and
substance transfer, proton conductivity, fluid flow) and the development of advanced
diagnostic methods for better understanding of the processes in fuel cells and also for
the purpose of controlling their operating process. Fuel cells have a wide range of
applications from those of low power of 1 W that can be used as a replacement for
batteries over portable and stationary electricity production and cogeneration to the
drive of different vehicles (bicycles, scooters, cars, buses, trains, ships, and even air-
craft). Most attention is paid to the application for the drive system of cars which are
already in commercial sale, but only in small batches. The paper also contains the
perspectives for the development of fuel cells and their application both in the world
and in Croatia.

Key words:

fuel cells, hydrogen, electrochemical reactions, diagnostic methods, fuel cell powered
vehicles
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Bjegovié¢, D.!, Banjad Peéur, 1.2, Percel, D.3

!Gradevinski fakultet Sveucilista u Zagrebu; dubravka@grad.hr
’Gradevinski fakultet SveudiliSta u Zagrebu; banjadi@grad.hr
SHrvatska gospodarska komora; dpercel@hgk.hr

Ulaganjem u obrazovanje i istrazivanja
do razvoja gradevinske industrije

Sazetak:

Gradevinski sektor u Hrvatskoj i u Europskoj uniji bio je medu najjace pogodenom
gospodarskom djelatnosti koju je uzrokovala ekonomska kriza 2008. godine. Veéina
europskih zemalja specificnim je mjerama ublazavala dubinu krize u gradevinskom
sektoru, dok je to izostalo u Hrvatskoj zbog nedostatka financijskih sredstava. Sada se
gradevinska industrija globalno oporavlja s naznakama znacajnog rasta u Aziji, Latin-
skoj Americi, Srednjem istoku, Africi te Istocnoj Europi. Pred oslabljenim i krizom
iscrpljenim gradevinskim sektorom u Hrvatskoj nalaze se novi izazovi i moguénosti
kojima se on treba prilagoditi. Prilagodbu moraju pratiti odredene promjene u nacio-
nalnom sustava istrazivanja i razvoja te inovacija kako bi omogucile izvrsnost i pamet-
nu specijalizaciju, ojacale suradnju izmedu sveuciliSta, istrazivackih centara i grade-
vinske industrije, provele zajednicke programe i ojacale prekograni¢nu suradnju i
suradnju s ostalim ¢lanicama EU te sukladno tome prilagodile nacionalne udjele finan-
ciranja kako za obrazovanje tako i za istrazivanja. U tom smislu treba nastavne plano-
ve 1 programe usmjeriti na kreativnost, inovacije i poduzetni$tvo. Za sve to ostvariti
treba osigurati u¢inkovito ulaganje u obrazovni sustav i sustav cjelozivotnog usavrsa-
vanja na svim razinama. To ujedno znaci da na prvo mjesto treba staviti financiranje
za znanje, ukljucujuci i porezne poticaje i druge financijske instrumente za promicanje
privatnih ulaganja u istrazivanje i razvoj. Prvi korak k tomu u Hrvatskoj bilo je osni-
vanje Hrvatskog klastera konkurentnost gradevinske industrije koji bi trebao biti plat-
forma za povezivanje i suradnju razliCitih subjekata iz realnog sektora, znanstve-
no-istrazivackog te javnog sektora sa ciljem unapredenja konkurentnosti u
gradevinskom sektoru Republike Hrvatske.

U radu ¢e se prikazati stanje ulaganja u obrazovanje i istrazivanja u svijetu, Europskoj
uniji i Republici Hrvatskoj. Dat ¢e se strateSke smjernice za multidisciplinarni pristup
obrazovanju gradevinskih inZenjera sutrasnjice. Dat ¢e se pregled nekih od znacajnih
inovacija u gradevinskoj industriji koje su proizasle iz istrazivanja u svijetu. Takoder
¢e biti prikazano nekoliko medunarodnih znanstvenih projekata u ¢ijim konzorcijima
sudjeluju znanstvenici iz podrucja gradevinske industrije EU i1 Hrvatske, a ¢iji rezulta-
ti mogu znatno doprinijeti gospodarskom razvoju Hrvatske.

Kljuéne rijedi:

istrazivanja, obrazovanje, znanost, ulaganja, klaster konkurentnosti, gradevinska in-
dustrija
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By Investing in Education and Research
to the Development of the Civil Engineering Industry

Abstract:

The civil engineering sector of the Republic of Croatia and of the European Union was
among the most severely affected industries by the economic crisis in 2008. Most Eu-
ropean countries mitigated the crisis with specific measures in the civil engineering
sector, while in Croatia it did not happen due to lack of funds. Nowadays the civil
engineering industry is recovering globally with indications of significant growth in
Asia, Latin America, Middle East, Africa and Eastern Europe. The civil engineering
sector of Croatia weakened and exhausted by the crisis is facing new challenges and
opportunities to which it has to be adopted. This adaptation must be accompanied by
certain changes in the national system of research and development and innovation in
order to enable excellence and smart specialization, to reinforce cooperation between
universities, research centres and civil engineering industry, to implement joint pro-
grams and to strengthen cross-border cooperation and cooperation with other member
countries, and accordingly to adapt the national share of funding for both education
and research. In this sense it is necessary to focus the curriculum on creativity, inno-
vation and entrepreneurship. To accomplish these goals, an effective investment in the
education system and life-long training at all levels should be ensured. This also means
that the priority should be put on funding in knowledge, including tax incentives and
other financial instruments for promoting private investment in research and develop-
ment. The first step in this direction in Croatia was the establishment of the Croatian
competitiveness cluster for the civil engineering industry, which should be a platform
for networking and cooperation of various entities from the real sector, scientific-re-
search and the public sector in order to improve competitiveness in the civil engineer-
ing sector of the Republic of Croatia.

This paper will show the state of investments in education and research worldwide, in
the European Union and in the Republic of Croatia. It will provide strategic directives
for a multidisciplinary approach to the education of civil engineers for the future. It
will give an overview of some of the major innovations in the civil engineering indus-
try as a result of worldwide research. Several international scientific projects, in whose
consortiums scientists from the field of the civil engineering industry of EU and Cro-
atia are participating, will be also presented, and whose results can significantly con-
tribute to the economic development of Croatia.

Key words:

research, education, science, investment, competitiveness cluster, civil engineering in-
dustry
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Razvoj i ekoloSka odrzivost
u podrucju graficke tehnologije

Sazetak:

Graficka tehnologija je izvrsni primjer podrucja gdje se inovacije i promjene mogu
vrlo dobro pratiti. Razvojem kako u velikim tako i u malim tvrtkama ostvaruje se kon-
kurentnost i profitabilnost. Neke od tehnoloskih inovacija koje vrijedi spomenuti su:
3D tisak, hibridni procesi ispisa, povecana ucinkovitost digitalnog tiska, tehnologija na
osnovi E-bojila, tiskana elektronika, opéenito tehnologije buduénosti.

Iskustvo pokazuje da odrzivi razvoj kroz alate kao §to su: eko-dizajn, obnovljive siro-
vine, napredni materijali, Cistije tehnologije, zatvoreni kruzni tok, ne zanemarujuci
protok sirovina i materijala, §to su temelj odrzivog razvoja i unutar toga ekoloske
odrzivosti, su rijetko dovoljno integrirane u sustav upravljanja tvrtkom. Integracija
upravljanja u¢inkom odrzivosti u ukupno korisno poslovno planiranje je vazan aspekt
koji treba rijesiti, jer u¢inkovitost upravljanja ovisi o vezi izmedu menadzmenta susta-
va 1 strateskih odluka.

Cinjenice prezentirane u ovom radu bazirane su na analizi relevantne literature i foku-
sirane su na razvoj, nove tehnologije i alate ekoloske odrzivosti i njihovu implementa-
ciju u domeni graficke proizvodnje.

Kljuéne rijedi:

graficka tehnologija, ekoloska odrzivost, razvoj, napredni materijali, tehnologije bu-
ducénosti
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Development and Ecological Sustainability
in the Field of Graphic Technology

Abstract:

The purpose of this paper is to present the environmental aspect of graphic technology,
based on relevant literature and the results of personal research, with a focus on histor-
ical development, new technologies, environmental sustainability tools, and future
technologies. Environmental sustainability is observed through the prism of eco de-
sign, cleaner technologies, advanced materials, closed loops and the flow of energy
and materials. The results indicate that the print and digital media can be more envi-
ronmentally sustainable with help of tools such as: LCA based on the “cradle-to-cra-
dle” concept of eco-design and eco-labelling. The sustainable advantages of e-paper
display are promising as an alternative to existing green printing practices. 3D printing
supports sustainability, it could become the technology of the future; however, when
considering environmental issues, this requires a complex approach and cautious as-
sessment. The integration of sustainability management with overall useful business
planning is a vital aspect that needs to be resolved, as the efficiency of management
depends on the link between system management and strategic decisions.

Key words:

graphic technology, environmental sustainability, advanced materials, future techno-
logies
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Uloga tehnickih znanosti u razvoju elektricnih strojeva

Sazetak:

Nezamisliv je danas svijet bez koriStenja okretnog magnetskog polja ¢ije je nastajanje
osmislio Nikola Tesla jo§ davne 1887. a sluzi za pretvorbu mehanicke energije u elek-
tricnu i obratno. Zahvaljuju¢i nastavku rada niza nasih znanstvenika kao i mnogobroj-
nih inZenjera i inovatora u proizvodnji, u Hrvatskoj je nastala uspjeSna industrija tran-
sformatora i rotacijskih strojeva koja danas posluje na globalnom trzistu.

Za daljnji odrzivi razvoj elektri¢nih strojeva potrebna su daljnja interdisciplinarna
znanstvena istrazivanja, prije svega iz polja tehni¢kih znanosti: elektrotehnike, strojar-
stva, kemijskog inZenjerstva i racunarstva, ali i iz znanosti o okoli$u kao i iz polja
drustvenih znanosti: ekonomije, dizajna i projektnog menedzmenta. Koristenje novih
materijala i novih tehnologija te optimiranje strojeva po troskovima u cijelom Zivot-
nom vijeku kao i primjena industrijske elektronike, informacijske i komunikacijske
tehnologije i senzorike u sekundarnoj opremi za upravljanje i nadzor strojeva, a sve uz
prihvatljiv utjecaj na okolis$, uvjeti su za njihov daljnji odrzivi razvoj. Sve to ne bi bilo
moguce posti¢i bez istrazivanja, matematickog modeliranja spregnutih pojava i tehnic-
ko tehnoloskog i troSkovnog optimiranja uz koristenje modernih rac¢unalnih i simula-
cijskih alata.

Historijski pregled razvoja elektri¢nih strojeva i njihova danasnja prisutnost na global-
nom trziStu, garancija su mogucnosti za njihov daljnji razvoj prema zahtjevima odrzi-
vosti, a prije svega zahtjevima pametne specijalizacije i niskougljicne strategije koju
namjerava provesti Hrvatska. Kao $to je i dosadasnji razvoj strojeva bio usko povezan
sa znano$¢u, tako ni daljnji razvoj je nezamisliv bez primjene novih znanstvenih spo-
znaja i tehnoloskih dostignuéa uz interdisciplinarnost i blisku povezanost s proizvod-
njom strojeva, trzistem i brigom za okolis.

Kljuéne rijedi:
elektricni strojevi, elektroindustrija, industrijska istrazivanja i eksperimentalni razvoj,
ekoloski dizajn, novi materijali i nanotehnologija u elektricnim strojevima, dijagnosti-
ka i monitoring
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Role of Technical Sciences in the Development
of Electrical Machines

Abstract:

The world today would not be the same without the rotating magnetic field which was
invented by Nikola Tesla back in 1887 which is used to convert any mechanical energy
into electrical energy and vice versa. Thanks to the effort of our scientists, engineers
and innovators, the industrial production of globally recognized transformers and ro-
tating machines in Croatia is successfully created.

For further sustainable development of electrical machines interdisciplinary scientific
research is necessary, primarily from the field of engineering: electrical and mechani-
cal engineering, chemical engineering and computer science as well as from the envi-
ronmental sciences as well as from the fields of social sciences: economics, design and
project management. The application of new materials and new technologies, optimiz-
ing the costs of machines throughout the lifecycle and the use of industrial electronics,
information and communication technology, sensors in the secondary equipment man-
agement and control, and all at an acceptable impact on environment, are the condi-
tions for their further sustainable development. All this would not have been possible
without research, mathematical machine modelling and technical, technological and
cost optimization with the use of modern computing and simulation tools.

Historical overview of the development of electric machines and their current presence
in the global market, guarantee the possibilities for their further development per the
requirements of sustainability, and above all the requirements of smart specialization
and low-carbon strategy, which intends to be implemented in Croatia. As the current
development of machinery was closely associated with science, no further develop-
ment is unthinkable without the application of new scientific and technological
achievements with the interdisciplinary approach and close links with production ma-
chinery, market and care for the environment.

Key words:

electric machine, electrical industry, industrial research and experimental develop-
ment, eco-design, new materials and nanotechnology in electric machines, diagnostic
and condition monitoring
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Nacionalna sigurnost i drustvena rezilijentnost

Sazetak:

Snaznija usredotocenost na ljudski faktor, kao osnovu sustava nacionalne sigurnosti,
zahtijeva viSe multidisciplinarnih i interdisciplinarnih istrazivackih napora. U ovom
radu pod drustvenom rezilijentno$¢u podrazumijevamo sposobnost drustva da se rela-
tivno brzo oporavi od mogucih poremecaja koji ugrozavaju njegovu funkcionalnost i
stabilnost, kao i skladan gospodarski i drustveni razvoj. Nacionalna sigurnost i drus-
tvena rezilijentnost snazno ovise o psiholoskim sposobnostima stanovniStva da se
uspjesno nosi s nepredvidljivim stresorima te odrZzava normalno psiholosko i fizicko
funkcioniranje cijelog drustva. U nasim istrazivanjima rezilijentnosti analiziraju se bi-
hevioralne znacajke na individualnoj razini kao produkt kompleksnih interakcija izme-
du specifi¢nog individualnog i drustvenog okruzja te rezilijentnih ili vulnerabilnih
genskih mreza. Na temelju toga nastoje se izgraditi prediktivni modeli individualne
rezilijentnosti koji se temelje na strojnom ucenju nad heterogenim skupovima multi-
disciplinarnih podataka. Jacanje individualnih znacajki rezilijentnosti temelji se na ra-
zli¢itim metodama racunalno potpomognutog kognitivno-bihevioralnog treninga koji-
ma se unapreduju kognitivno-operativne sposobnosti pojedinaca te ublazavaju ili
otklanjaju posljedice traumati¢nih stresora. Pomocu skupova metrika koje se odnose
na psihologiju grupa, dominantne grupne emocije i osjecaje, dominantne sadrzaje i
strukturu drustvenih mreZa, socio-ekonomski status, makroekonomske indikatore, kul-
turoloske znacajke i sl. definira se drustvena rezilijentnost. Na osnovi tih indikatora
generiraju se prediktivni modeli ponasanja grupa, ukljucujuci i predikcije terorizma
kao ekstremnog oblika individualne i/ili grupne radikalizacije. Po analogiji s programi-
ma treninga za jaCanje individualne rezilijentnosti razvijeni su koncepti emocionalno
utemeljenih strateskih komunikacija kojima se mijenja koncept kognitivnih prosudbi
koji karakterizira specifi¢ne grupe i utje€e na mehanizme emocionalne regulacije gru-
pa. Koristenjem internetskih drustvenih mreza otvaraju se nove moguénosti primjene
emocionalno utemeljenih strateSkih komunikacija.

Kljuéne rijedi:
nacionalna sigurnost, vitalni ljudski resursi, individualna i drustvena rezilijentnost,

multidisciplinarne metrike rezilijentnosti, estimacija i predikcija individualne i drus-
tvene rezilijentnosti
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National Security and Resilience of People

Abstract:

Stronger focus on human component as the cornerstone of the national security system
requires more multidisciplinary and interdisciplinary research efforts. In this work the
notion of societal resilience is understood as societal capacity to recover quickly from
any significant challenges that threaten its functionality and stability, including the
challenges to harmonious economic and social development. National security and
societal resilience strongly depend on the psychological capacities of the population to
successfully cope with unpredictable stressors and maintain normal psychological and
physical functioning of the entire society. In our resilience research behavioral charac-
teristics are analyzed on the individual level as products of complex interactions be-
tween specific individual and social environment and resilient or vulnerable gene net-
works. On the basis of such analyses we try to build predictive models of individual
resilience based on machine learning over heterogeneous sets of multidisciplinary
data. Strengthening individual features of resilience is based on various methods of
computer-aided cognitive-behavioral training, which improve individual’s cognitive
operational abilites and mitigate or eliminate consequences of traumatic stressors. So-
cietal resilience is defined by using sets of metrics that address group psychology,
dominant group emotions and feelings, dominant content and structure of social net-
works, socio-economic status, macroeconomic indicators, cultural features, etc. Based
on those indicators, predictive models of group behavior, including predictions of in-
ternational terrorism as an extreme form of individual and/or group radicalization, are
generated. In analogy with individual resilience-building training programs, the con-
cepts of Emotionally Based Strategic Communications (EBSC) have been developed
which attempt to change the “(re)appraisal style” of specific groups and influence
mechanisms of emotional regulation on the group level. By using Internet social net-
works new possibilities for application of the Emotionally Based Strategic Communi-
cations have been opened.

Key words:

national security, vital human resources, individual and societal resilience, multidisci-
plinary resilience metrics, estimation and prediction of individual and societal re-
silience
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Nove tehnologije izrade naftnih i plinskih busSotina

Sazetak:

Tehnologija izrade busotina, u funkciji pridobivanja nafte i plina, u sve tezim uvjetima
koji vladaju u podzemlju, predstavlja velik izazov za naftne inzenjere koji takve rizic-
ne projekte osmisljavaju i provode uz uvazavanje tehnoloskih, ekonomskih i okolisnih
zahtjeva.

Vecina naftnih i plinskih buSotina je vertikalna i izraduje se primjenom klasi¢nog sa-
stava buSacih alatki. Medutim, busenjem koso usmjerenih, a posebno horizontalnih
busotina ostvaruju se brojne prednosti te povecava iscrpak ugljikovodika iz postojecih
i novih lezi$ta pa je njihov broj u stalnom porastu.

Dosad su izradene vertikalne busotine dubine i preko 12 000 m, kao i usmjerene bu-
Sotine kojima je duljina horizontalnog kanala preko 11 000 m.

Izrada takvih buSotina omogucena je zahvaljuju¢i napretku tehnologije materijala i
radnih fluida, koriStenju uronjenih motora, rotiraju¢ih upravljivih sustava i vr$nog po-
gona te razvoju mjerne opreme koja omogucuje da se tijekom busenja u realnom vre-
menu dobivaju podaci neophodni za tocno upravljanje putanjom kanala buSotine.

U radu je prikazana tehnologija izrade vertikalnih i usmjerenih busSotina s osvrtom na
izradu horizontalnih busSotina velikog dosega, kao i tehnologija busenja uz pomo¢ ko-
lone zastitnih cijevi i buSaceg lajnera. Nadalje, prikazani su primjeri primjene novih
tehnologija u svijetu i postignuti rezultati. Dat je pregled izradenih busotina u Republi-
ci Hrvatskoj u periodu od 2006. do 2016. godine.

Kljuéne rijedi:

busenje, vertikalne i horizontalne busotine, busSotine velikog dosega, busenje uz pri-
mjenu zastitnih cijevi, rotirajuci upravljivi sustav
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New Technologies for the Production
of 0il and Gas Wells

Abstract:

Technology of drilling oil and gas production wells in increasingly difficult downhole
conditions is a challenge for petroleum engineers who design and implement such
risky projects considering the technological, economic and environmental require-
ments.

Most oil and gas wells are vertical and are made by applying a standard bottom hole
assembly (BHA). However, directional drilling (or slant drilling), especially drilling of
horizontal directional wells shows numerous advantages and increases the recovery of
hydrocarbons from existing and new deposits due to that fact that the number of such
wells is constantly growing.

Wells with true vertical depth of over 12,000 m, and horizontal wells whose horizontal
length is over 11,000 meters have already been drilled.

Drilling such wells was possible thanks to advances in technology of materials and
drilling fluids, use of downhole motors, rotary steerable systems and top drive. Also,
an important role was played by the development of measuring equipment that allows
for drilling, receives information necessary to accurately control the wellbore trajecto-
ry in real time.

The application of each new drilling technology has its advantages but also its limita-
tions because it is expected that with the fulfillment of technological requirements, it
is economically viable and environmentally acceptable.

The paper presents the technology of drilling vertical and directional wells, extended
reach drilling, as well as casing and liner drilling. Examples of the application of new
technologies in the world and achieved results are presented. Also, an overview of
drilled wells in the Republic of Croatia in the period from 2006 to 2016 is given.

Key words:

drilling, vertical and horizontal welle, extended-reach wells, casing drilling, rotary
steerable system
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Procesori buduénosti u Hrvatskoj

Sazetak:

Dolaskom novih tehnologija i po¢etkom Cetvrte industrijske revolucije nastavlja se
ubrzani razvoj potrebe za obradom veéih koli¢ina podataka. Obrada velikih koli¢ina
podataka zahtjeva i unaprjedenje infrastrukture koja moze omoguditi efikasnu obradu
podataka. Nastavkom revolucije ocekuje se dodatni porast zahtjeva za racunalnim re-
sursima §to ¢e zahtijevati i razvoj tehnologija koje se koriste u trenutnim ra¢unalnim
sustavima.

Kao centralna komponenta u racunalnim sustavima nalazi se procesor. Procesori su se
u posljednjih nekoliko desetljeca razvijali prema Mooreovom zakonu koji je formuli-
ran krajem Sezdesetih godina proslog stoljeca. Ove godine je Nature objavio ¢lanak [1]
koji prikazuje moguéi kraj ovog zakona ¢ija je temeljna znacajka udvostrucenje broja
tranzistora na svakoj buducoj generaciji procesora. Direktna posljedica toga je i sma-
njenje veli¢ine pojedinog procesora zbog ograni¢enja povrsine procesora.

U skladu s Mooreovim zakonom procesori su se uglavnom svake Cetiri godine smanji-
vali na polovicu svoje veli¢ine. Trenutno se na trziStu nalaze Intelovi procesori iz seri-
je Broadwell i Skylake koji imaju tranzistore radene u tehnologiji od 14 nanometara.
Fizicka ogranicenja tehnologija u kojima se izraduju procesori onemogucuju nastavak
trenda minijaturizacije. Daljnji razvoj procesora u buduénosti okrece se prema razvoju
viSe procesorskih jezgri unutar jednog procesora §to omogucéuje nastavak povecanja
procesorske snage bez povecavanja frekvencije rada procesora.

Buduce arhitekture procesora — mnogojezgrene arhitekture namecu se kao pravi put za
razvoj procesorske snage koji moze pratiti buduce zahtjeve trzista. Mnogojezgrene
arhitekture se razvijaju u smjeru homogenih i heterogenih arhitektura. Dok se kod
homogenih arhitektura isti¢e jednostavniji razvoj 1 koriStenje procesorskih jezgri, kod
heterogenih arhitektura pojedine jezgre su specijalizirane kako bi mogle optimalno
obradivati podatke.

Obrada podataka se koristi u razli¢itim domenama suvremene industrije i neizbjezno
je koristenje snaznih procesorskih arhitektura. Znacajnije domene u kojima se koristi
paralelna obrada podataka i koje svakim danom zahtijevaju sve vise racunalskih resur-
sa su obrada multimedije, edukacijske, istrazivacke, medicinske i vojne domene.

Kljucéne rijeci:

obrada multimedije, mnogojezgrene arhitekture, paralelno procesiranje, mreza na Cipu,
kompresija medicinskih podataka
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Processors of the Future in Croatia

Abstract:

With the arrival of new technologies and the beginning of the fourth industrial revolu-
tion we are facing a rapid increase in need for processing large amounts of data. Pro-
cessing large amounts of data requires the improvement of the infrastructure which can
provide efficient data processing. With the continuation of the revolution, a further
increase in demands for computing resources is expected, which will require advances
in technologies used in current computer systems.

The central component in the computer systems is the processor. In recent decades’
processors have been developing following the Moore’s Law, which was formulated at
the end of the sixties. This year, Nature published an article [1] showing a possible end
to this law which actually describes doubling the number of transistors on every future
generation of processors. The direct consequence is a reduction in the size of individu-
al processors due to the limitations of the processor.

In accordance with Moore’s Law processors are generally decreased to half its size
every four years. Currently there are Intel processors from the series Broadwell and
Skylake on the market which have transistors made in the technology of 14 nanome-
ters. Physical limitations of technology in which processors are made make it impossi-
ble to continue the trend of miniaturization. The further development of the processors
is turning to the development of multiple processor cores within a single processor
enabling the continued increase of processing power without increasing the frequency
of the processor.

Future processor architectures — Manycore architectures are imposed as the right path
for the development of processing power which can follow future market require-
ments. Manycore architectures are being developed in the direction of homogeneous
and heterogeneous architectures. While the homogeneous architecture emphasizes
simpler development and use of processor cores, with heterogeneous architectures in-
dividual cores are specialized to be able to optimally process data.

Data processing is used in various domains of modern industry and the use of power-
ful processor architecture is inevitable. Significant domains that use parallel proce-
ssing and require every day more computing resources are multimedia processing,
educational, research, medical and military domains.

Key words:

multimedia processing, manycore architectures, parallel processing, network-on-chip,
medical data, compression
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Medicinska rohotika — kako se nositi
s novim tehnickim i etickim izazovima

Sazetak:

Primjena robota u medicini nije vi§e novost, ali postaje sve vaznija zbog demografskih
promjena i sve vecih znanstveno-tehnoloskih ocekivanja. Razvijena drustva stare, od-
nosno povecava se broj starijih osoba koje trebaju zdravstvenu skrb nasuprot sve ma-
njem broju ljudi koji su je u mogucénosti pruziti. S tehnicke i znanstvene strane razvoj
robotike u medicini podjednako je izazovan u svim podru¢jima od dijagnostike, kirur-
gije, rehabilitacije, prostetike do medicinske njege. Danas su posebno naglaSeni napo-
ri u podrucju razvoja robotske kirurgije gdje robotska primjena moZe zna¢ajno unapri-
jediti 1 skratiti operativne postupke, kao i rasteretiti kirurga od tehnicki zahtjevnih
dijelova operacije. Medutim, osim brojnih razvidnih prednosti, postoje mnogi proble-
mi od kojih ¢e neki biti adresirani predavanjem, kao Sto su npr.: inverzna kinematicka
greska, ograni¢ena vizualna percepcija i motoricka spretnost, niska tomografska rezo-
lucija, ograniena robotska inteligencija, a tu su i nezaobilazna eticka pitanja, prven-
stveno problem autonomije robota u pogledu zastite i odgovornosti u odnosu na paci-
jenta. U okviru predavanja bit ¢e prikazana neka od dostignuca istrazivackog tima
RONNA u podruéju razvoja neurokirurske robotike. Robotika u medicini, medutim,
ide korak dalje te se, osim podrske usluznim i stru¢nim djelatnostima, razvija u smjeru
humane robotizacije u obliku razli¢itih implantata, egzoskeleta, proteza i slicno. Pri-
tom eticka pitanja postaju jo$ vaznija. Robotika u namjeri rjeSavanja zdravstvenih pro-
blema ili poboljSavanja nasih postojeéih zivotnih funkcija mora uvazavati nase biolos-
ke, psiholoske i kulturoloske okvire.

Kljuéne rijedi:
robotika, medicina, umjetna inteligencija, bionika
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Medical Rohotics — How to Deal
with New Technical and Ethical Challenges

Abstract:

The medical robotics is no longer a novelty, but it is becoming increasingly important
due to demographic changes and the growing scientific and technological expecta-
tions. Developed societies are getting old, actually the number of elderly people who
need health care is increasing, in contrast to the number of people who is able to pro-
vide it. The technical and scientific development of the robotics in medicine is equally
challenging in all areas including diagnostics, surgery, rehabilitation, prosthetics as
well as medical care. Today, the efforts in the development of robotic surgery are spe-
cially emphasized, where robotic application can significantly improve and shorten
operational procedures, as well as relieve the surgeon from technically demanding
operation phases. However, despite numerous tangible benefits, there are many prob-
lems some of which will be addressed in the lecture, such as: inverse kinematic error,
limited visual perception and motor skills, low tomographic resolution, limited robotic
intelligence, and unavoidable ethical issues, primarily the problem of robot autonomy
in terms of protection and responsibility in relation to the patient. As part of the lecture
some of the achievements of the RONNA research team in the field of neurosurgical
robotics will be presented. Robotics in medicine, however, goes a step further and,
apart from supporting certain service and professional tasks, the development is going
in the direction of robotizing human beings in the form of various implants, exoskele-
ton, prostheses and the like. At the same time the ethical issues become even more
important. Robotics in order to solve health problems or improve our existing life must
respect our biological, psychological and cultural frameworks.

Key words:
robotics, medicine, artificial intelligence, bionics
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Potencijali primjene nerazornih metoda ispitivanja tla
I stijene za potrebe sanacije strateskih
infrastrukturnih linijskih objekata

Sazetak:

Geotehnika predstavlja spregu izmedu klasi¢ne gradevine i geoznanosti te kao takva
obuhvaca $irok spektar aktivnosti koje je nuzno provesti, sve u cilju izvedbe sigurne,
funkcionalne i ekonomicne gradevine. U posljednje vrijeme se sve vec¢i naglasak stav-
lja na sanaciju postojecih objekata gdje geotehnicki istrazni radovi predstavljaju kljuc-
ni element u postupku ocjene njihovog trenutnog stanja. Cinjenica je da su u ocjeni
stanja jo§ uvijek dominantno zastupljene razorne metode ispitivanja koje zahtijevaju
znacajne financijske i vremenske resurse. S druge strane, sve ¢e$¢e svoju primjenu u
postupku ocjene stanja nalaze nerazorne metode ispitivanja koje mogu zahvatiti veéi
volumen ispitivanog medija. Dakako, ove metode su jo$ uvijek opterecene odredenim
nedostacima koje djelomic¢no ograni¢avaju njihovu primjenu, ali trend porasta njihove
primjene je evidentan. Prednosti primjene nerazornih ispitivanja do izrazaja dolaze pri
ocjeni stanja strateskih infrastrukturnih linijskih objekata kao $to su Zeljeznicke linije,
mreZe cesta i autocesta, nasipi za obranu od poplava itd. Svaka vrsta linijskog objekta
uvjetuje 1 kriterije primjene pojedine nerazorne metode. Primjeri ocjene stanja strates-
kih infrastrukturnih linijskih objekata, s nerazornim metodama u fokusu metodologije,
dat ¢e se kroz prikaz niza strucnih aktivnosti Zavoda za geotehniku Gradevinskog fa-
kulteta u Zagrebu koje za cilj imaju pouzdanu i kvalitetnu ocjenu trenutnog stanja.

Kljuéne rijedi:

nerazorna ispitivanja, geofizicka ispitivanja, sanacija, infrastrukturni linijski objekti,
ocjena stanja
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Potentials of Using Non-Destructive Soil
and Rock Testing Methods for the Renovation
of Strategic Infrastructural Line Objects

Abstract:

Geotechnical engineering connects ‘classical’ civil engineering and geo-sciences and
as such comprises of a wide range of activities which are necessary in order to secure
safe, functional and economical structure. However, in recent years there has been an
increasing emphasis on the rehabilitation of existing structures where geotechnical in-
vestigations are a key element in the assessment of their current situation. The evalua-
tion of the condition is still predominantly determined using destructive methods that
require significant financial and time resources. On the other hand, the application of
non—destructive methods, which can cover a larger volume the investigated area, are
being more and more in use in the recent period. Of course, these methods are still
burdened with certain disadvantages which partially restrict their use, but an increas-
ing trend of their application is evident. Advantages of non-destructive testing come to
the fore in the assessment of the condition of strategic infrastructure line structures
such as railway lines, road and motorway network, embankments for flood protection,
etc. Each type of the line structure defines criteria for usage of certain non-destructive
methods. Examples of the assessment of strategic infrastructure line structures, with
non-destructive methods in the focus of the methodology, will be given through the
demonstration of a series of expert work activities, conducted in the Department of
Geotechnics of the Faculty in Zagreb, aimed at a reliable and quality assessment of the
current condition.

Key words:

non—destructive testing, geophysical investigation, remediation, infrastructure line
objects, condition assessment
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Internet, digitalni svemir i kiberneticka sigurnost

Sazetak:

U radu se opisuje znacaj informacijsko — komunikacijskih tehnologija i interneta kao
infrastrukture digitalnog doba. Razmatraju se uzroci nastajanja tzv. digitalnog svemira
i njegove izrazito brze daljnje ekspanzije, a zatim aspekti sigurnosti, odnosno nesigur-
nosti u ovom digitalnom prostoru. Procjenjuje se stanje ove sigurnosti u Hrvatskoj,
analiziraju moguci pristupi njegovom unapredenju te potreba razvoja i implementacije
sustava informacijske i kiberneticke sigurnosti. Za kiberneti¢ku sigurnost identificiraju
se danas postojec¢i metodoloski okviri. U zaklju¢cima rezimiraju se najvaznija opaza-
nja, a u preporukama daju smjernice za poboljSanja.

Kljuéne rijedi:

internet, digitalni svemir, informacijska sigurnost, kiberneticka sigurnost
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Internet, Digital Universe and Cybersecurity

Abstract:

The paper describes the importance of information - communication technologies and
the Internet as the infrastructure of the digital age. The reasons for emergence and
rapid expansion of this, so called, digital universe are addressed, as well as aspects
relating to security and insecurity in such a digital space. The state of information se-
curity in Croatia is estimated, and possible approaches for its improvement are analyz-
ed, emphasizing the need for development and implementation of cyber security sys-
tems. The paper identifies existing methodological frameworks for cyber security.
Conclusions give a short summary about the most important observations, while rec-

ommendations provide guidelines for possible improvement.

Keywords:
Internet, digital universe, information security, cyber security
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,,Big data analytics“ za analizu sustava upravljanja
u kemijskom procesnom inZenjerstvu

Sazetak:

Naglim razvojem racunala, mreza i racunalnih ,,oblaka“ postignut je visoki stupanj
integracije informacijskih sustava i stvaranje velikih baza podataka (,,big data*). Poja-
va ,,big data“ je tehnoloska osnova svjetske globalizacije i obuhvaca sve oblike djelat-
nosti, kao §to su financijski sustavi, drustvene komunikacije (mreze), gospodarske dje-
latnosti, agronomija, medicinske znanosti, molekularne znanosti i bioinformatiku,
robotizacije industrijskih pogona i bitan je cimbenik suvremene procesne prehrambene
i kemijsko industrije. Ameri¢ka udruga AIChE isti¢e primjenu ,,big data* tehnologije
kao jedno od osnovnih razvojnih smjerova industrijskog razvoja Cetvrte generacije. S
gledista upravljanja u industriji bitan ¢imbenik je razvoj IOT (,,Internet of Things®)
mjernih i upravljackih uredaja, ¢ak i na razinama mikro i nano mjerila, koji omogucu-
ju neposrednu i vjerodostojnu komunikaciju i nadzor do sada nemjerljivih tehnoloskih
veli€ina.

U radu je dan pregled novih matematicko-statistickih metoda za analiti¢ki pristup
upravljanja slozenih sustava proizvodnje na osnovu zakljucivanja primjenom elastic-
nih mreza i modelom sa skupinom stabala odlucivanja (,,random forest models*). Ek-
sperimentalni podaci dobiveni su vlastitim simulacijskim programom dinamickog vla-
danja kemijskog procesa Tennessee-Eastman. Analiza velikog skupa procesnih
podataka provedena je primjenom SVD (Singular value decomposition) algoritma u
svrhu redukcije dimenzije prostora stanja. Projekcije su provedene odredivanjem mak-
simalne varijance vode¢im komponentama i odredivanjem maksimalne razlike skupo-
va Fisherovom linearnom diskriminacijskom analizom. Dimenzije potprostora reduci-
rane su primjenom linearnih elasticnih mreza za izdvajanje klju¢nih upravljackih
varijabli za izgradnju matematickih modela predikcije dinamickog vladanja i prepo-
znavanja kljuénih procesnih stanja. Primijenjeni su nelinearni modeli s ansamblima
stabala odlu¢ivanja s validacijom i regularizacijom kompleksnosti modela. Dobiveni
modeli predikcije su osnova za optimalno upravljanje procesa proizvodnje konceptom
prediktivnog upravljanja modelom (MPC, ,Model Predictive Control®). Interakcija
(sinergizam) procesnih varijabli odredena je analizom varijance. Rezultati upravljanja
su usporedeni sa simulacijskim podacima.

U zakljucku se diskutira moguénost primjene algoritama iz velikih baza podataka za
upravljanje industrijskim pogonima u Republici Hrvatskoj, kao $to su rafinerije, proi-
zvodnja lijekova i prehrambena industrija.

Kljuéne rijeci:
,,big data®, stabla odlucivanja, SVD, regularizacija, upravljanje
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“Big Data Analytics” for the Analysis
of Process Control System in Chemical Engineering

Abstract:

The development of IT technologies, such as cloud computing, loT devices, and high
throughput mobile communication has led to the “Forth industrial revolution” which
transforms chemical process industry into a digital based production systems. It has
led to a high level of integration and “big data” systems of individual production in-
dustrial companies and also to the globalization of production and supply chains on a
large scale. The advancement has an impact on all aspects of large social and econom-
ic systems, for example such as financial networks, social networks, energy produc-
tion, agronomy, medicine, industrial production plants, robotics, and integrative effects
in science projects in bioinformatics, molecular biology, material science etc. The
American institute of chemical engineers AIChE considers “big data” based produc-
tion as one of the major developments of the fourth generation of chemical industry.
From the point of view of process control engineering the development of nanotech-
nology based IoT measurement systems and manipulative devices enables large
amounts of new process data, cloud data availability, and high level of communication
between control subsystems and global control systems.

In this work an overview of new algorithms developed for big data analytics and pro-
cess control is given. The method is based on elastic networks and regularized ensem-
bles of decision trees. Potentials of these methods are illustrated by the original simu-
lation data of the Tennessee Eastman process. Generated big data is decomposed and
analyzed by singular value decomposition and multiple input-output (MIMO) sparse
matrix of partial least squares. The analysis yields the most important variable to the
whole plant. The nonlinear model of decision trees for model predictive control (MPC)
is considered. Variance based analysis of process variable interactions (synergism) is
proposed.

The application of the proposed methodology is discussed for the application in phar-
maceutical industry, agronomy and food production.

Key words:
,,big data®, decision trees, SVD, regularization, predictive control
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Kako realizirati pametnu proizvodnu specijalizaciju
za izvozne proizvode velike dodane vrijednosti

Sazetak:

Temeljem industrijskog naslijeda, koje Hrvatska ima u metalopreradivackoj industriji, stro-
Jjogradnji i elektroindustriji, treba izabrati one proizvodne niSe u kojima Hrvatska danas
moze konkurentno proizvoditi i izvoziti proizvode velike dodane vrijednosti i time znatno
doprinijeti pove¢anju BDP-a. Navedene grane industrije zaposljavaju danas oko 63.000
djelatnika u oko 4100 uglavnom malih i srednje velikih poduzeca (MSP). Neki od suvre-
menih trendova u svijetu gdje Hrvatska moze traziti niSe za vlastitu proizvodnju su: oprema
za obnovljive izvore energije; robotizacija i zra¢ni transport. Kao pomorska zemlja s dugom
tradicijom u brodogradnji i u podru¢ju morskih tehnologija, Hrvatska bi mogla razvijati i
proizvoditi: podvodne robote, ronilice, daljinski upravljana i autonomna podvodna
vozila. Za tu proizvodnju postoje u zemlji svi potrebni preduvjeti. Druga nisa u kojoj bi
metalopreradivacka industrija Hrvatske mogla naéi dugoro¢no siguran izvozni posao je:
proizvodnja dijelova za avionsku industriju. Prema analizi kompanije Airbus bit ¢e u
narednih 20 godina potrebno proizvesti 33.070 putnickih i teretnih zrakoplova §to predstav-
lja posao od oko 5,2 trilijuna US$. U taj posao mogla bi se kao subliferanti ukljuciti i neka
MSP iz Hrvatske. Domacu metalopreradivacku industriju potrebno je za usvajanje vi-
sokotehnoloske proizvodnje opremiti najsuvremenijim strojevima, opremom i tehnologija-
ma. Treba voditi racuna da se u razvijenim zemljama postepeno uvode tehnoloske promjene
(Industrie 4.0 odnosno Internet of Things) koje se smatraju kao 4. industrijska revolucija.
Ona se temelji na digitalizaciji proizvodnje uz pomo¢ kiberneticko-fizikalnog proizvodnog
sustava (CPPS). To zahtijeva visoku razinu organizacije, upravljanje kompletnim sustavom
dodane vrijednosti, uz inteligenciju pojedinih dijelova, sa ciljem da se kroz decentralizirano
upravljanje omoguéi kupcu prilagodena (customized) proizvodnja.

Kljuéne rijeci:
pametna proizvodna specijalizacija, proizvodne nise, proizvodi visoke dodane vrijed-

nosti, metalopreradivacka industrija, 4. industrijska revolucija, kiberneti¢ko-fizikalni
proizvodni sustav (CPPS), kupcu prilagodena proizvodnja
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How to Realize a Smart Specialization
in Manufacturing of High-Added Value Products
for Export

Abstract:

Based on industrial heritage that Croatia has in the metalworking industry, machine
building and electro-engineering industry, a production niche should be chosen
in which Croatia could nowadays be competitive by producing and exporting of
high-added value products, and in this way substantially contribute to the increase of
the GDP. The mentioned branches of industry have today around 63,000 employees
within 4,100 mainly small and medium-sized enterprises (SME). Some of modern
trends in the world where Croatia can look for a niche to start its own production are:
equipment for renewable energy; robotization and air transport. As a maritime country,
having a long tradition in shipbuilding and in marine underwater engineering, Croatia
could develop and manufacture: underwater robots, submersibles, remotely operat-
ed and autonomous underwater vehicles. For their production all necessary prereq-
uisites exist in Croatia. Another niche in which Croatia’s metalworking industry could
find a steady long term business for export is: manufacture of components for avia-
tion industry. According to the analysis of the company Airbus, within the next 20
years it will be necessary to produce 33,070 passenger and freight aircraft that makes
a business of around 5.2 trillion US$. Some Croatian SMEs could be included, as
subcontractors, in this business. In order to adopt the high-technology production, it is
necessary to equip the domestic metalworking industry with most modern machines
and technologies. The fact should be taken into account that in developed countries
technological changes are gradually introduced (Industrie 4.0 or Internet of Things),
being considered as the 4™ Industrial Revolution, which is based on digitalization of
production and cyber-physical production system (CPPS). This requires a high level of
organization, and the management of the complete added-value system with the intel-
ligence of individual parts. The aim is, by means of decentralized management, to
enable a production that is adapted to the customer (customized).

Key words:

smart specialization in manufacturing, production niches, high-added value products,
metalworking industry, 4th Industrial Revolution, cyber-physical production system
(CPPS), customized production
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Graditeljska znanost i graditeljski projekti
u 21. stoljecu

SazZetak:
U ovom radu se proucavaju i istrazuju smjernice organiziranja graditeljstva s prilago-
davanjem ukljucivanja izvodenja graditeljskih projekata na europskom trzistu. Istrazu-
je se model trzisnog gospodarstva u gradenju kao potreba racionalnog gradenja. Prou-
¢ava se maksimalno uklju¢ivanje industrijskih metoda u procese izvodenja graditeljskih
projekata s primjenom racionalne organizacije i tehnologije gradenja. Trend industrija-
lizacije gradenja nalazi rjeSenje u montaznom gradenju, kao najrazvijenijem obliku
tehnologije izvedbe. Graditeljski projekt se proucava kao proizvodni projekt gospodar-
stva na principima sustavne analize. U proucavanju nezaobilazna je tema zastite oko-
lisa, jer su graditeljski projekti, nove gradevine, koje se trebaju uklopiti u svoju oko-
linu.

Kljuéne rijeci:
investicijski projekti, industrijske metode, obnovljivi izvori, racionalizacija
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Civil Engineering Science and Civil Engineering
Projects in the 21t Century

Abstract:

Guidelines of the civil engineering organization with the adjustment of civil engineer-
ing projects being performed on the European market are analyzed and investigated.
The model of market economy in civil engineering as the need for rational civil engi-
neering is investigated. The maximum inclusion of industrial methods in the process
of performing civil engineering projects with the implementation of rational organiza-
tion and building technology is analyzed. The trend of civil engineering industrializa-
tion is to find a solution in industrialized building, as the most advanced form of civil
engineering technology. Civil engineering project is studied as a manufacturing project
of the economy on the principles of system analysis. During the analysis the theme of
environment protection is unavoidable, because civil engineering projects are new
buildings which must be incorporated into their environment.

Key words:
investment projects, industrial methods, renewable sources, rationalization
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Inovacije pripremnih i proizvodnih procesa
u cilju pripreme hrvatskog gospodarstva
za informacijsko drustvo EU

Sazetak:

Prateéi rastuci utjecaj ITC na razvoj gospodarstva i cjelokupnog drustva, koji od pot-
pore postaje temelj organiziranja i funkcioniranja procesa u drustvu i poslovanju, i
zemlje EU definirale su svoje programe razvoja ITC u cilju stvaranja zajednickog in-
formacijskog drustva (e-2005, i-2010, i digitalna agenda za Europu 2020). U sadrzaju
tih programa definirani su i daljnji zadaci na razvoju ERP sustava kao temeljne infra-
strukture za funkcioniranje proizvodnih i poduzeca za obavljanje usluga, u kojima zna-
¢ajno mjesto zauzimaju inovacije u integraciji razli¢itih ITC proizvoda i ERP sustava
zbog Cega se smanjuju vremena pripreme i ciklus proizvodnje te povecava kvaliteta
proizvoda i usluga. Osim rjeSenja, koja uglavnom za svoje proizvode nude vodeci
svjetski proizvodaci ERP sustava (SAP, Peoplesoft, Oracle, Lawson, Microsoft...) u
ovom radu opisani su i inovativni doprinosi hrvatskih informatiCara na integraciji
PDM-ERP, CAD/CAM-ERP, Planning-ERP i Excel-ERP ostvareni u poduze¢ima Hr-
vatske, Bosne 1 Hercegovine i Austrije. Na taj je na¢in, osim znanstvenog doprinosa
razvoju ITC, ostvarena i prakti¢na pomo¢ u pripremi poduzeéa koja nemaju ERP su-
stave navedenih tvrtki za konkurentan nastup na trzistu EU.

Kljuéne rijedi:

ERP sustavi, digitalna poduzeca, upravljanje proizvodnjom.
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Innovations of Preparatory and Production
Processes in order to Prepare the Croatian Economy
for the EU Information Society

Abstract:

Following the growing impact of ITC on the overall development of economy and
society, which from the functional support tool has become the foundation of organi-
zational and functional processes in society and business, the EU countries have de-
fined their development programs for the ITC in order to create a common information
society (e-2005, i-2010, and a digital agenda for Europe 2020). Among the programs,
further tasks are defined in the development of ERP systems as fundamental infra-
structure for the functioning of manufacturing and service oriented enterprises to de-
liver services, which occupy an important place in the innovation of the integration of
different ITC products and ERP systems, thus reducing the preparation time and the
cycle of production and increases the quality of products and services. In addition to
the solutions, mainly for their own products, offered by the world’s leading providers
of ERP systems (SAP, PeopleSoft, Oracle, Lawson, Microsoft...), this paper also de-
scribes innovative contributions of Croatian IT professionals to the integration of
PDM, ERP, CAD / CAM, ERP, Planning ERP-and Excel-generated ERP in companies
of Croatia, Bosnia-Herzegovina and Austria. Along the scientific contribution to the
developments in ITC, practical assistance has been provided to companies which don’t
have ERP systems from the mentioned providers for a competitive entry into the EU
market.

Key words:
ERP systems, digital factory, production management.
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Hidrotehnicke melioracije
— preduvjet uspjesnijeg razvoja poljoprivrede
Hrvatske u 21. stoljecu

Sazetak:

Osnovna je zadaca hidrotehnickih melioracija u izgradnji vodnih gradevina s pripada-
juéim strojevima i opremom da stvara i odrZava rezim poljoprivrednih tala prema po-
trebama optimalnog razvoja ostvarenja visokih prinosa biljnih kultura. Na osnovu sis-
tematizacije i analize klimatskih, hidroloskih, topografskih, pedoloskih i geomehanickih
podataka melioracijskih podrucja i potreba ostvarenja optimalnog vodnog rezima po-
ljoprivrednih tala predlaze se provedba hidrotehni¢kih melioracija odnosno projek-
tno-izvedbenih rjesenja vodnih gradevina hidromelioracijskih sustava za:"povrSinsku
odvodnju, podzemnu odvodnju i navodnjavanje

Od ukupnih melioracijskih povrSina na 1.673.792 ha hidrmelioracijski sustavi povrsin-
ske odvodnje izgradeni su potpuno na 43,3%, a nepotpuno na 19,4%. Od ukupnih
potreba na 822.350 ha hidrmelioracijski sustavi podzemne odvodnje izgradeni su pot-
puno na 14,8%, a nepotpuno na 3,3. Od pogodnih 484.026 ha melioracijskih podrucja
navodnjava se samo 18.500 ha odnosno 3,8%. Nazalost ratnim djelovanjem zlotvora
1991. 1 1992. dio vodnih gradevina za odvodnju i navodnjavanje je razoren i oStecen,
a njihova obnova obavljena je od 1998. do 2003.g.

Nedovoljan stupanj izgradenosti odrzavanja hidrmelioracijskih sustava ima veliki utje-
caj i dovodi do smanjenja sjetvenih i zetvenih povrsina. Posljedica toga je smanjenje
proizvodnje biljnih kultura i neopravdano poveéanje uvoza hrane te povecanje inoze-
mnog duga Hrvatske. Razvijene drzave su potvrdile da stupanj izgradenosti i redovitog
odrzavanja hidrmelioracijskih sustava je preduvjet uspjeSnijeg razvoja poljoprivrede
koja je i sastavni dio cjelokupnog gospodarskog razvoja svake drzave.

Kljuéne rijeci:

hidromelioracije, vodni rezim, biljne kulture, prinosi
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Hydrotechnical Amelioration Facilities
— Prerequisite for the Successful Agriculture
Development of Croatia in the 21 Century

Abstract:

The primary objective of hydrotechnical amelioration facilities is the construction of
water facilities which create and maintain the water regime of agricultural soils ac-
cording to the needs of their optimal development and achievement of high crop yields.
A systemization and analysis of climate, hydrological, topographic, pedological and
geomechanical data of the relevant areas lead to a proposal of the implementation of
hydrotechnical amelioration facilities, i.e. design and implementing solutions for water
facilities and hydrotechnical amelioration systems for surface drainage, subsurface
drainage and irrigation.

Of the total amelioration surfaces amounting to 1,673,792 ha, the completely con-
structed hydrotechnical amelioration systems with surface drainage account for 43.3%
whereas the incompletely constructed ones account for 19.4% of the land. Of the total
needs on the 822,350 ha, hydrotechnical amelioration systems with subsurface drain-
age have been completely constructed on 14.8% of the land while the incompletely
constructed ones account for 3.3%. Of the 484,026 ha of suitable amelioration surfac-
es, only 18,500 ha, i.e. 3.8% are irrigated.

The insufficient levels of construction and maintenance of hydrotechnical amelioration
systems cause a reduced production of crops and unjustified increase in food imports
and foreign debt of the Republic of Croatia. Developed countries have proven that
construction level and regular maintenance of hydrotechnical amelioration systems are
a prerequisite for a more successful development of agriculture which is an integral
part of the total economic development of every country.

Key words:
hydrotechnical amelioration facilities, water regime, development, crops, yields
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Razvoj primarnog helikopterskog hitnog
medicinskog servisa HEMS na podrucju RH
s elementima zastite i spasavanja SAR

Sazetak:

Ulaskom u punopravno ¢lanstvo Europske unije (EU) Republika Hrvatska (RH) je
postala obveznikom ispunjavanja brojnih europskih standarda u razli¢itim podrucjima
drustvenog i gospodarskog sustava. Da bi potakla pokretanje slozenih procesa uskladi-
vanja s EU standardima u podru¢jima od opceg interesa, Europska komisija (EK) je
osigurala razlicite izravne i kohezijske fondove za sufinanciranje strateskih programa i
projekata s nepovratnim financijskim sredstvima. Za operativno koristenje fondovskih
bespovratnih financijskih sredstava bilo je potrebno izraditi drzavnu strategiju razvoja
minimalno do 2020. godine i projektnu dokumentaciju za operativne projekte uz stro-
g0 postovanje propisanih procedura i sadrzaja za svaki projektni zadatak. Jedan od
programa i operativnih projekata, koje je RH obvezna izraditi i pokrenuti proces nje-
gove aplikacije, predstavlja i razvoj primarnog helikopterskog hitnog medicinskog ser-
visa HEMS (Helicopter Emergency Medical Service) na svom podrucju s elementima
zaStite 1 spaSavanja SAR (Search and Rescue, potraga i spasavanje), koji je predme-
tom ovih istrazivanja. lako se radi o funkciji od opceg interesa, projekt se aplicira u
uvjetima ekonomske odrzivosti uz sufinanciranje iz EU fondova sa ciljem da se usko-
ro funkcionalno prosiri i na Jadransko-ionsku EU makro regiju.

Kljuéne rijeci:

Europska unija, bespovratna financijska sredstva, operativni projekti, primarni heli-
kopterski hitni medicinski servis RH.
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Development of Primary Helicopter Emergency
Medical Service (HEMS) in the Republic
of Croatia with Safety and Rescue Elements SAR
(Search and Rescue)

Abstract:

By joining the European Union (EU) Republic Croatia has become obligatory in ful-
filling a number of European standards in various areas of social and economic sys-
tem. In order to initiate the complex processes of harmonizing with EU standards in
areas of common interest, the European commission has ensured various types of di-
rect and cohesion funds for co-financing of strategic programs and projects with irre-
trievable financial means.

For the operational use of funded grant funding, it was necessary to make a national
strategy of development by the year 2020 and also project documentation for operative
projects with strict compliance of specific procedures and contests for every project
assignment.

One of the programs and operative projects which Republic Croatia is obligated to
make and start the process of its application is the development of primary Helicopter
Emergency Medical Service (HEMS), on Croatian area with elements of protection
and rescue (Search and Rescue - SAR), which is an object of this research. While this
is a matter of general interest, the project is being applied in terms of economic sus-
tainability with co-financing from EU funds, with a goal of spreading it on the Adriat-
ic-Ionian EU macro region in the near future.

Key words:

European Union, grant funding, operative projects, primary helicopter emergency
medical service of Republic Croatia.
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Sveucilista, obrazovanje i prijenos znanja
u 21. stoljecu

Sazetak:

Zadnjih 20 godina dogodile su se velike promjene u svijetu. Sveucilista su medu usta-
novama koje su pod velikim pritiskom promjena zbog ovih izazova. Globalna i pove-
¢anja potreba za internacionalizacijom, s jedne strane, i lokalno okruZenje (vlada, po-
slovanje, gradansko drustvo) s druge strane su se promijenili. Iluzorno ,,bezrizi¢no
okruzenje* zamjenjuje se ,,ukupnim trziSnim okruzenjem®, a tradicionalni nacini
upravljanja dokazuju se neadekvatnima.

Sveucilista postaju moc¢ne nacionalne i regionalne ustanove i moraju imati dodatne
nove uloge, naro€ito u podrucjima novih pristupa ucenju, cjelozivotnog ucenja i tran-
sfera znanja i tehnologija. Nacionalni gospodarski uspjeh ovisit ¢e o poznavanju gos-
podarstva i sposobnosti povecanja dodane vrijednosti proizvoda i usluga. Sveucilista
se poja¢ano moraju natjecati nacionalno i internacionalno da bi privukla najbolje na-
stavnike i studente; osim toga, moraju se natjecati za financijske resurse za istrazivanje
i istrazivacku infrastrukturu, za ugovore s poslovnim sektorom itd. Globalizacija viso-
kog obrazovanja danas je obaveza, studenti postaju internacionalno mobilni internaci-
onalno prosirenje sveuciliSta je neizbjezno da bi ona ostala konkurentna. Spajanje sve-
ucilista i/ili javnih istrazivackih institucija prevladava u razvijenim gospodarstvima.

Za upravu sveucilista u promjenljivom okruzenju predstavit ¢e se neka zajednic¢ka na-
Cela o kvaliteti, sposobnosti i odgovornosti upravnih struktura. Medutim, postoje i spe-
cifi¢ni dodatni zahtjevi ovisno o specifiénim nacinima po kojima djeluju pojedinacne
institucije. Raspravit ¢e se spomenuta nacela. Medu drasticnim promjenama zadnjih
20 godina je i Cinjenica da zbog visokih troSkova istrazivanja i razvoja samo velika
gospodarstva mogu platiti ovu veliku investiciju Zato, brz razvoj znanosti slijedi veli-
ka gospodarstva i vise ok 90% istrazivanja i razvoja se stvara u bogatim i BRIC ze-
mljama. Cinjenica da vide od polovice tro§kova plaéaju privatne tvrtke ima daljnje
dramaticne posljedice o kojima ¢e se govoriti u ovom radu.

Kljuéne rijedi:
sveuciliSta, obrazovanje, prijenos znanja, novi pristupi ucenju, “ukupno trziSno okru-
zenje”, cjelozivotno ucéenje, globalizacija visokog obrazovanja, spajanje sveucilista,
velika gospodarstva
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Universities, Education and Knowledge Transfer
in the 21¢t Century

Abstract:

Over the last twenty years enormous changes have happened in the world. Universities
are also among those institutions that are under pressure to transform due to these
changes. Global and increasing need for internationalization, on the one hand, and lo-
cal environment (government, business, civil society) on the other hand have changed.
Mlusory “risk free environment” is replaced by “total market environment” and tradi-
tional ways of governance prove inadequate.

Universities are becoming powerful national and regional institutions and they have to
play additional new roles, especially in the areas of new learning approaches, lifelong
learning and knowledge and technology transfer. National economic success will de-
pend on economy knowledge and the ability to increase the added value of products
and services. Universities increasingly have to compete nationally and internationally
to attract best teachers and students; in addition, they have to compete for financial
resources for research and research infrastructure, for contracts with business sector,
etc. Globalization of higher education is nowadays a must, students are becoming in-
ternationally mobile and international expansion of universities is inevitable in order to
be competitive. Merging of universities and/or public research institutions prevails in
developed economies.

For the university governance in changing environment some common principles re-
garding the quality, capability and accountability of governing structures will be pre-
sented. However, there are also specific, additional demands, depending on the specif-
ic ways in which individual institutions operate. The mentioned principles will be
discussed.

Among drastic changes over the last 20 years is the fact that due to high expenses of
research and development only big economies are able to pay this big investment.
Therefore, the fast development of science follows big economies and more than 90 %
of R&D results is produced in rich and BRIC countries. The fact that more than half
of expenditures is paid by private companies has some further dramatic consequences
that will be discussed in the presentation.

Key words:

universities, education, knowledge transfer, “total market environment”, new learning
approaches, life-long learning, globalization of higher education, merging of universi-
ties, big economies
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TehnoloSka unapredenja u njezi tekstila

Sazetak:

Udio mehanike, kemije, temperature i vremena u procesima njege tekstila teoretski i
prakti¢no se predstavlja Sinnerovim krugom. Tehnoloska unapredenja, ekonomske i
ekoloske smjernice utje¢u na odnos pojedinih parametara u krugu i uéinke. U ovom
radu ¢e se utjecaj kemije razmotriti kroz visokoucinkovite bioinovativne deterdzente u
praskastom i tekuéem stanju, ciljano formulirane za pranje na niskim temperaturama.
Mehanika u pranju je poboljSana kroz unapredenje strojeva za diskontinuirano i konti-
nuirano pranje. Varijabilnost slozenih parametara utjece na svojstva tekstilnih proizvo-
da nakon viSestrukih ciklusa pranja. Sustav kontrole kvalitete, RAL-GZ 992, uveden je
za objektivno vrednovanje ucinaka suvremene tehnologije pranja u brojnim zemljama
Europe i svijeta. Kriti¢ne kontrolne tocke (CCP) ovog sustava predstavljaju temelj za
utvrdivanje razine kvalitete i stupnja higijene opranog tekstila. Ovaj sustav definira
metode ispitivanja i propisuje grani¢ne vrijednosti za svojstva materijala: anorganske i
organske rezidue, stupanj bjeline, ¢vrstocu, stupanj ostec¢enja i stupanj higijene. Uz
navedena svojstva, analiziraju se parametri kvalitete ulazne vode ( tvrdoéa, sadrzaj
iona teSkih metala, temperatura i mikrobioloska ¢istoéa), povrSine u praonici, strojevi
i vozila. U finalnom dijelu rada ¢e se istaéi primjer dobre prakse uvodenja sustava u
jednu od najsuvremenijih praonica rublja u Hrvatskoj.

Kljuéne rijeci:
tekstil, procesi, njega, pranje, kvaliteta
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Technological Improvements in Textile Care

Abstract:

The theoretical and practical presentation of textile care processes include mechanical
agitation, chemistry, temperature and time as parameters of Sinner cycle. Technologi-
cal improvements, economic aspects and environmental guidelines affect the relation-
ships of particular parameters within the cycle and their effects. This paper will adress
the impact of chemistry through high effective and bioinovativne detergents in powder
and liquid form, formulated for washing at low temperatures. Mechanical agitation
will be presented through the improvement of discontinuous and continuous washing
machines. The variability of the complex parameters affect the properties of multiple
washed textile products. The quality control system, RAL-GZ 992, is implemented for
the objective evaluation of washing technology in many countries of Europe and the
world. The critical control points (CCP) of this system are the basis for the assessment
of quality and hygiene of washed textiles. The system defines test methods and limit
values for material properties: inorganic and organic residues, whiteness degree,
strength, chemical damage and hygiene level. The other analyzed parameters cover
inlet water (hardness, content of heavy metal ions, temperature and microbiological
profile), surfaces in the laundry, machines and vehicles. The final part of the paper
deals with the implementation of the system in one of the most modern laundries of
Croatia.

Key words:
textiles, processes, textile care, laundering, quality
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Nove tehnologije i inovacije u svrsi opstanka
| razvoja odjevne industrije

Sazetak:

Odjevna industrija u Republici Hrvatskoj je na pocetku stvaranja drzave bila jedna od
najznacajnijih grana preradivacke industrije. Tijekom proteklih 25 godina hrvatske sa-
mostalnosti broj zaposlenih u toj industrijskoj grani je viSestruko smanjen, ali izvozni
efekt je ostao na priblizno istoj razini $to upucuje na zakljucak da je produktivnost
istodobno znatno povecana. Medutim, stratezi koji promisljaju industrijski razvitak
Hrvatske ne nalaze da je odjevna industrija perspektivna grana i da moze biti znacajan
¢imbenik razvoja. OCito je da se razvoj odjevne industrije Republike Hrvatske ne
moze temeljiti na konkuriranju u proizvodnji jeftine velikoserijske odjece, vec se treba
okrenuti proizvodnji visokotehnoloske odjece (inteligentne i pametne odjece, odnosno
zastitne odjece). Pri tome valja koristiti visokotehnoloske metode spajanja dijelova
odjece (toplinske metode spajanja kondukcijom i konvekcijom, ultrazvuénom meto-
dom i visokofrekventnom metodom), inzenjersko projektiranje toplinskih svojstava
odjece i racunalno vodenje proizvodnje. U radu su opisane nove vrste odjevnih pred-
meta koje mogu pomoci opstanku i razvoju odjevne industrije, uredaji za odredivanje
toplinskih svojstava odje¢e, nove mjerne metode za odredivanje procesnih i energet-
skih parametara Sivanja odjece te drugi izumi koji su patentno zasti¢eni, a nastali su u
Zavodu za odjevnu tehnologiju Tekstilno-tehnoloskog fakulteta Sveucilista u Zagrebu.
Time se Zeli ukazati da je spomenuti opstanak i razvoj mogué ukoliko se intenzivira
suradnja inventivne akademske zajednice s hrvatskom odjevnom industrijom.

Kljuéne rijedi:
nove tehnologije, inovacije, odjevna industrija Republike Hrvatske
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New Technologies and Innovations for Survival
and Development of the Clothing Industry

Abstract:

Croatian clothing industry at the beginning of the creation of the state has been one of
the most important branch of the processing industry. During the 25 years of Croatian
independence, the number of employees in this industry has been reduced several
times, but the export effect has remained at approximately the same level. This indi-
cates that the productivity at the same time significantly increased. Strategists of the
industrial development in Croatian do not find the clothing industry a perspective
branch and does not find it could be important factor of economic growth. Obviously,
the development of the clothing industry of the Republic of Croatia could not be based
on competing in the production of cheap large serial production of clothing but it is
necessary to turn to the production of high-tech clothing (intelligent and smart clothing
or protective clothing). High-tech methods of joining parts of the clothing (thermal
methods of joining by conduction and convection, by ultrasound and high-frequency
method), the thermal properties of engineering design and computer controlled gar-
ment manufacturing should be used. The paper describes a new kind of clothing. This
new kind of clothing, equipment for determining the thermal properties of clothing,
new measurement methods for determining process and energy parameters of sewing
and other inventions were patent protected, and were created in the Department of
Clothing technology Faculty of Textile technology, University of Zagreb. The
above-mentioned could be help the survival and development of the clothing industry.
This indicate that the mentioned existence and development is possible if intensify
cooperation of inventive academic community with Croatian clothing industry.

Key words:

new technologies, innovation, Croatian clothing industry
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Obrazovanje za buduénost

Sazetak:

Hrvatska je mala zemlja koja svoje mjesto na europskom i svjetskom trzistu moze iz-
boriti samo razvojem inovativnoga gospodarstva temeljenoga na proizvodima i usluga-
ma s visokom dodanom vrijednosti. A taj cilj trazi ulaganje javnih sredstava u najvecu
vrijednost koju Hrvatska ima — razvoj ljudskih potencijala. Uz materijalna ulaganja,
drugi preduvjet razvoja ljudskih potencijala za ostvarivanje gospodarskoga razvoja te-
meljenoga na znanju nedvojbeno je kvalitetni formalni obrazovni sustav.

Sadasnje funkcioniranje obrazovnoga sustava upozorava s jedne strane na nedostatno
sustavno obrazovanje o intelektualnom vlasnistvu i akademskom poduzetnistvu koje bi
bilo praceno poticanjem sposobnih pojedinaca za inovacijski i tehnoloski razvoj. S
druge strane, proracunski tretman obrazovanja i znanosti nije dovoljno poticajan za
suradnju izmedu gospodarstva i akademske zajednice.

Hrvatska je veé¢ dulje vrijeme u procesu deindustrijalizacije, pa zato novi gospodarski
i drustveni izazovi traze nova promisljanja, a prema tome i nove nacine obrazovanja.

Neki od odgovora, koji bi dugoro¢no mogli osigurati gospodarski rast, svakako su
nju intelektualnih tvorevina te spustanje takva pristupa na obrazovnoj vertikali do
predskolskoga obrazovanja. Takoder, poticanje upisa studenata u STEM programe, us-
postava komunikacijskih kanala izmedu studenata i gospodarskih subjekata tijekom
studija, cjelovitije vrjednovanje istrazivackoga prinosa znanstvenika i sveucili$nih na-
stavnika, ulaganja u inovacije i transfer tehnologije samo su neki od mogucih pristupa
rjeSenju spomenutih izazova.

Ovim ¢e se radom pokusati dati detaljnija promisljanja vezana uz obrazovanje za bu-
ducnost i postizanje gospodarskoga razvoja temeljenoga na inovacijama, tehnologiji i
transferu znanja sa sveuciliSta u poslovni sektor.

Kljuéne rijeci:

obrazovanje, akademskom poduzetniStvu, inovacije, intelektualno vlasnistvo, suradnja
gospodarstva i akademske zajednice.
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Education for the Future

Abstract:

Croatia is a relatively small country; therefore, it can secure its place in the European
and world market only by developing innovative economy based on products and ser-
vices with high added value. And this goal requires an investment of public funds in
the highest value that Croatia has - human resource development. In addition to mate-
rial investments, another prerequisite needed to achieve economic development based
on knowledge is undoubtedly quality formal education system.

The current functioning of the education system shows, on the one hand, the lack of
systematic education on intellectual property and academic entrepreneurship followed
by encouragement of capable individuals for engagement in innovation and technolog-
ical development. On the other hand, the financial treatment of education and science
has created inadequately stimulating environment for cooperation between industry
and academia.

Croatia has been for some time now in the process of de-industrialization, so the new
economic and social challenges require new thinking, and therefore new ways of edu-
cation.

Possible answers providing long-term economic growth are, among other things, en-
couraging project approach to learning and education on entreprencurship, protection
and exploitation of intellectual property and taking such an approach to even pre-
school education. Also, encouraging enrolment of students in STEM study programs,
establishment of better channels of communication between students and businesses
during the study, a more comprehensive evaluation of scientists and university teach-
ers, research results, investment in innovation and transfer of technology, are just some
of the possible approaches to the solution of the above mentioned challenges.

This paper will to try to give some more detailed thoughts on education for future and
achievement of economic development based on innovation, technology and transfer
of knowledge from universities to the business sector.

Key words:

education, academic entrepreneurship, innovation, intellectual property, cooperation
between academia and business sector
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Tehnicke znanosti u proizvodniji
I preradi mineralnih sirovina

Sazetak:

Nemetalne mineralne sirovine u RH predstavljaju danas veliki, ali nedovoljno iskori-
Steni potencijal. Promjene u visokom $kolstvu mogle bi mnogo doprinijeti iskoriStenju
spomenutog potencijala. Njima bi trebalo podvrgnuti niz segmenata u cjelokupnom
sustavu obrazovanja. Dogadanja i promjene u obrazovanju posljednjih petnaestak i
viSe godina stvorile su nove nezeljene posljedice u hrvatskom gospodarstvu. Brojni su
i razli¢iti uzroci gospodarstvene krize u Hrvatskoj. Koliki udio u krizi imaju sustav i
uspjesnost obrazovanja, svakako je zanimljivo pitanje. Obrazovanje bi trebalo postati
hrvatski brend. Za Finsku se kaze da ima dva klju¢na brenda, Nokia (koja se trenutno
oporavlja) i obrazovanje.

Da bi se razumjelo §to se u naSem obrazovanju dogada, izmedu ostaloga, treba poseb-
no razmotriti pojmove evaluacije, izvrsnosti i prolaznosti. Ti su pojmovi kao hiperin-
flacija postali dio novogovora na hrvatskim sveucilis§tima. Poplava je brojnih kriterija
kojima se vrednuju djelatnici u nastavi. U tom pogledu treba istaknuti potrebu pravil-
nog vrednovanja nastavnika prema specificnim kriterijima, vaznim za podrucje tehnic-
kih znanosti, koji bi trebali biti potpuno prilagodeni struénom osposobljavanju prema
znacajkama i potrebama nase privrede.

Potrebno je stvoriti kvalitetnog nastavnika moralne, eticke i stru¢ne kvalitete, oslobo-
denog bjesomucne trke za zadovoljavanjem brojnih nepotrebnih kriterija pri njegovom
vrednovanju (evaluaciji), poseblce potrebe za ,Stancanjem® ¢lanaka u Casopisima in-
deksiranim sa CC. Prolaznost je pak, a ne neki drugi vazni ¢imbenici, postala mjera
uspjesnosti odnosno izvrsnosti bolonjske reforme. Nacinom financiranja obrazovanja u
podrucju tehnic¢kih znanosti mogli bi se takoder posti¢i zavidni uinci. Treba ponovno
stvoriti vrsne stru¢njake koji su s trziSta nestali propadanjem brojnih tvrtki i institucija
za pracenje 1 kontrolu kvalitete razli¢itih gradevinskih proizvoda i materijala ¢ija su
baza mineralne sirovine. Kako nadomjestiti taj gubitak?

Kljuéne rijedi:

tehnicke znanosti, visoko Skolstvo, mineralne sirovine, kriteriji vrednovanja nastavni-
ka, financiranje znanstvenog rada
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Technical Sciences in the Production
and Processing of Mineral Raw Materials

Abstract:

The Croatian non-metallic mineral row materials have been determined to be of repre-
sentative potential but however still not utilized entirely. We are of the opinion that
higher education of the young people in our country could contribute to better utiliza-
tion of the mentioned potential. The educational system that we are subjected to should
be strongly changed in many segments. Unavoidable changes in education in last fif-
teen years have created numerous unwanted consequences that have deeply labelled
the Croatian economy. There are many different grounds of the economic crisis in
Croatia. However, the main question is what part of the crisis resulted in such a system
and the “quality” of education. Education should become a Croatian brand. For Fin-
land, it is said, that there are two key brands, Nokia (which is now recovering) and
education (due to huge education reforms).

In order to understand what is happening in our education, among other things, there
must be paid special and focused attention to the following concepts such as evalua-
tion, excellence and transience. These terms, as hyperinflation, became the most pop-
ular talks at the Croatian universities. There was also the flood of numerous unneces-
sary criteria, which were shown to be the basis for the evaluation of teachers.
Regarding this issue, it should be noted that the proper need for evaluation of teachers,
based on specific criteria relevant to the field of technical sciences, is of greatest im-
portance. Evaluation criteria should be fully adjusted by the academic trainers and to
the characteristics and needs of our economy.

It is necessary to create a high-quality teacher with the moral, ethical and professional
quality, liberated of its constant evaluation as well as frantic race in meeting a number
of unnecessary criteria. In particular, the possessed need of collecting a huge amount
of articles in journals indexed with CC. Transience in some respects, rather than some
other important factors, become a measure of success and excellence of the Bologna
reforms. Improving methods of education financing in the field of technical sciences
could also be achieved envious effects.

It must be re-create top experts who have disappeared from the market collapse of
numerous companies and institutions for monitoring and quality control of various
building products and materials which are manufactured on the basis of mineral raw
materials. How to compensate for this loss?

Key words:

technical sciences, higher education, mineral row materials, criterion for teachers eval-
uation, founding of scientific work
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Rudarska djelatnost u Republici Hrvatskoj
— status i mogucnosti razvoja

Sazetak:

Dostupnost i racionalno iskori$tavanje raspolozivih mineralnih resursa temelj je razvo-
ja nacionalnih gospodarstava. Republika Hrvatska je relativno siromasna glede mine-
ralnih resursa, posebice se to odnosi na one veée dodane vrijednosti, ruda metala i
¢vrstih energetskih mineralnih sirovina. U proteklom razdoblju u samostalnoj Republi-
ci Hrvatskoj ukinuta je eksploatacija ugljena, barita, bentonita i boksita (osim simbo-
licnih koli¢ina), koji su se otkopavali i povrSinskim i podzemnim metodama. Znacaj
rudarskog gospodarstva Republike Hrvatske prvenstveno se ogleda u eksploataciji
energetskih mineralnih sirovine — tekucih i plinovitih ugljikovodika te ¢vrstih nemetal-
nih mineralnih sirovina. Znacajnu ulogu i potencijal za razvoj rudarskog gospodarstva
i pratece preradivacke industrije predstavljaju nemetalne mineralne sirovine. Trenutno
su u Republici Hrvatskoj potvrdene znatne koli¢ine bilan¢nih rezervi karbonatne mine-
ralne sirovine za industrijsku preradu, kremenog pijeska, mineralnih sirovina za proi-
zvodnju gradevnog materijala, gipsa i sirovine za proizvodnju cementa koje su dostat-
ne za viSegodi$nju stabilnu proizvodnju. Iz razno raznih razloga potencijal ovih
mineralnih resursa je nedovoljno iskori§ten. Poteskoce s kojim se susrecu rudarski
poduzetnici mogu se sublimirati u dugotrajnost i neizvjesnost ishoda postupka za isho-
denje odobrenja za istrazivanje i koncesije za eksploataciju mineralnih sirovina, sve
vecih zahtjeva i ogranicenja koja proizlaze iz naslova zastite okolisa i ekoloSke mreze,
rjeSavanju imovinsko-pravnih odnosa na zemlji$nih Cesticama unutar eksploatacijskih
polja te opcenito negativne percepcije koju bastini rudarska djelatnost u $iroj javnosti
kao devastator. Radom se elaborira status i moguénosti razvoja istrazivanja i eksploa-
tacije nemetalnih mineralnih sirovina te teSkoce koje sprecavaju ucinkovitiji razvoj
rudarskog gospodarstva.

Kljuéne rijedi:
rudarska djelatnost, nemetalne mineralne sirovine, rudarski zakon
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Mining Activities in the Republic of Croatia
— Status and Development Possibilities

Abstract:

The availability and rational use of mineral resources available is the basis of national
economy’s development. The Republic of Croatia is relatively poor in mineral resourc-
es, especially pertaining to the ones of greater added value — metal ores and solid en-
ergetic raw material. In the period of independent Republic of Croatia, the exploitation
of carbon, barite, bentonite and bauxite has been abolished (apart from symbolic quan-
tities) which were excavated by surface and subterranean methods. The significance of
mining economy of the Republic of Croatia primarily mirrors in the exploitation of
energetic raw materials — liquid and gas hydrocarbons and solid non-metal raw mate-
rials. Non-metal raw minerals represent a significant role and potential for the devel-
opment of mining economy and the supporting manufacturing industry. The Republic
of Croatia currently holds substantial quantities of reserves of carbonate raw materials
for industrial processing, quartz sand, raw materials for production of construction
material, gypsum and raw material for cement production - all of which are sufficient
for perennial stable manufacturing. The potential of these mineral resources has been
insufficiently utilized for various reasons. Mining entrepreneurs face difficulties such
as continuance and uncertainty of the outcome for the process of obtaining the license
for exploration and concession for exploitation of raw minerals. Moreover, other diffi-
culties are the growing number of claims and restrictions connected to the protection
of the environment and ecological network, dealing with property and legal matters on
land inside exploitation fields, along with the negative perception that mining activity
has as a devastator in the public eye. This article elaborates on the status and possibil-
ities of developing the exploration and exploitation of non-metal raw minerals and the
difficulties that prevent a more efficient development of mining economy.

Key words:

mining activity, non-metallic mineral resources, mining law
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Inzenjerstvo na polju mikro- i nanoznanosti
i tehnologija kao kljuéna razvojna tehnologija
pametne specijalizacije RH

Sazetak:

Hrvatsku znanost karakteriziraju izazovi poput nezadovoljavajuéih stopa financiranja,
malog broja aktivnih znanstvenika te nezadovoljavajuée znanstvene produktivnosti (po
broju radova, a posebno po njihovoj kvaliteti) — uz posljedi¢no zaostajanje na relevan-
tnim ljestvicama konkurentnosti, nedovoljnog inovacijskog kapaciteta, nepovezanosti
s potrebama drustva i privrede, slu¢ajeva krSenja normi akademske Cestitosti — ¢ak i na
najodgovornijim polozajima u sustav i sl. S druge su strane u sustavu prisutne skupine
vrsnih znanstvenika koje su konkurentne na medunarodnoj razini i koje uspjesno kori-
ste EU i druge medunarodne fondove za razvoj istrazivackih kapaciteta i njihovo kori-
Stenje u znanstvenim istrazivanjima, u nastavi te u suradnji s privredom. To je posebno
znacajno na podrucju tehnickih znanosti koje moraju biti pokretacka snaga razvoja
hrvatskog gospodarstva.

U tom je okviru posebno vazan razvoj mikro- i nanotehnologija, koje imaju ogroman
financijski, ali i potencijal poticanja interdisciplinarnih aktivnosti istrazivanja i razvoja
na podruéju IKT, znanosti o materijalima, energetike, prometa, zdravstva, potrosSackih
proizvoda te kemijske, biokemijske ili tekstilne industrije. Doista, navedeno podrucje
smatra se klju¢nom razvojnom tehnologijom (key enabling technology — KET) EU, ali
i Hrvatske pa je, kao horizontalna tema koja moze pridonijeti ,,dodanoj vrijednosti
hrvatske proizvodnje i potaknuti nastajanje novih gospodarskih aktivnosti, porastu
produktivnosti hrvatskog gospodarstva i nastanku novih i odrzivih prilika za zaposlja-
vanje®, uvrStena i u Strategiju pametne specijalizacije RH 2016. — 2020.

U ovome ¢e se radu na primjeru razvoja istrazivackih kapaciteta na polju mikro- i
nanoznanosti i tehnologija na SveuciliStu u Rijeci i dosad postignutih rezultata u tim
aktivnostima afirmirati znacaj i potencijali mikro- i nanoznanosti i tehnologija za ra-
zvoj Hrvatske i njeno suocavanje s drustvenim izazovima poput odrzivog okolisa, kva-
litete zdravlja, hrane i bioekonomije te prometa. Umrezavanje tih kapaciteta u hrvatski
i europski istrazivacki te prostor visokog obrazovanja pruza, pak, mogucnost da se
njihova ucinkovitost, posebno na razvoju komercijalnih rjeSenja, znacajno unaprijedi.

Kljuéne rijeci:

mikro- i nanotehnologije, klju¢na razvojna tehnologija, inzenjerstvo, Sveuciliste u Ri-
jeci, ERDF
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Engineering in the Field of Micro- and Nanoscience
and Technologies as a Key Development Technology
of Smart Specialization in Croatia

Abstract:

Croatian science is challenged by low financing, a small number of active scientists
and an unsatisfactory scientific output (in number but especially in quality) — with a
consequential lag in competitiveness and innovation, insufficient ties with societal and
industrial needs or reports on scientific misconduct, even at the most prominent posi-
tions. On the other hand, the scientific sector comprises groups of excellent scientists
at the international level that successfully use EU and other competitive funds in de-
veloping scientific capacities and their use in research, teaching and collaboration with
industry. This is especially relevant in engineering that has to promote and drive the
development of Croatian economy.

The advance of the micro- and nanotechnologies is of outmost importance in this
frame, since they have an enormous financial and stimulating potential for interdisci-
plinary R&D in ICT, materials science, energy, transportation, health, consumer goods,
the (bio)chemical or the textile industry. These technologies have, indeed, been identi-
fied at the EU and the Croatian level as key enabling technologies and have been de-
fined as a horizontal priority in the Croatian Smart Specialisation Strategy 2016-2020,
i.e., as a sector that can significantly “contribute to the added value of Croatian manu-
facturing and as an incentivizing factor in developing economic activities that foster
productivity and employment growth”.

The importance and the potentials of the micro- and nanotechnologies for the growth
of Croatia is reaffirmed in this work using as a positive example the development of
the respective research capacities and the achieved outcomes at the University of Rije-
ka in addressing societal challenges related to sustainable environment, the quality of
health, food and the bio-economy as well as transportation. The networking of these
capacities in the Croatian and the European Research and Higher Education Areas
provides, moreover, great opportunities to improve their efficiency, especially in de-
veloping new products.

Key words:

micro- and nanotechnologies, key enabling technology, engineering, University of Ri-
jeka, ERDF
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Skolovanje gradevinskih inzenjera
za potrebe nejasne huducnosti

Sazetak:

U novonastalim okolnostima naglog razvoja informacijske tehnologije ukazala se po-
treba radikalnih promjena Skolovanja gradevinskih inZenjera, i to ne samo u smislu
primjene Bolonjskog procesa, ve¢ sustinskih izmjena programa studija, koje ¢e omo-
guciti njihovu konkurentnost gradevinskih inZenjera u svim poljima i aspektima rada
na evropskom i svjetskom trzi§tu. I ponovnu konkurentnu ekspanziju na strana trzista.
Predlaze se i uvodenje jednog sasvim novog studija Tehni¢ke arheologije na Filozof-
skom fakultetu kao odjela u postojecem studiju arheologije.

Kljuéne rijedi:

informacijska tehnologija (IT), gradevinski inzenjeri, studij, nastavni programi, tehnic-
ka arheologija.
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The Education of Civil Engineers for the Purposes
of Uncertain Future

Abstract:

As a result of current fast-paced developments in the field of information science and
technologies, the need for radical changes in the education of civil engineers has also
emerged, not only within the context of the Bologna process, but also taking into ac-
count changes of the core program of these studies which will enable a higher level of
competitive edge for civil engineers in all fields and aspects of further inclusion with-
in the framework of European and international markets. This program proposes the
introduction of a new study curriculum, and the introduction of a new university based
study of Archeology within the scope of the Faculty of Humanities and Social Scienc-
es and incorporated as part of the program of the study of archaeology.

Key words:

information technology (IT), civil engineering, study, teaching programs, technical ar-
chaeology
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