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CAKPAJTHA APXUTEKTYPA YKPAIMHCKE HAUMOHA/THE MAHUHE Y
PENYBANLN CPICKOJ

PE3UME

Penybnvka Cpncka je no3HaTa Kao AOM BenuKor 6poja KOMIOHWja CTpaHOr CTAHOBHMILTBA, Koje cy
dopmupaHe HakoH 1878. roguHe. CTpaHLM M3 CBUX KpajeBa AyCTpO-yrapcke MOHapxuje cy Hace/beHuU y
cjeBepHe KpajeBe bocHe u XepueroBwHe, AaHac TepuTopuje onwTuHa y Peny6anum Cpnckoj.
HajooMUHAHTHUjM poce/beHuuM melly cBUM MakbMHama cy YKpajuHuu. Pag ce 6aBuM HMXOBOM
CaKpa/lHOM apXUTEKTYPOM, KOja 3HayajHO [AOMPUMHOCU CTBapakby C/AUKE apxuTekType y bocHu u
XepuerosuHu. lpuKasaHe cy 3ajegHWYKe OCOBMHE W WUCTOPMJCKM KOHTEKCT, npaheHu opabpaHum
npumjepuma penpeseHTaTUBHE apXUTEKTYpe ca MUCTOPMJCKOM W apPXMTEKTOHCKOM Basnopu3aLMjom.
Mopep, Tora, oBaj pag ce 6aBn U LPKBaMa YKIOHEHUM KPO3 UCTOPUjY, @ 3aKk/by4yje ce OpUrMHaIHUM
[0NPUHOCOM UCTOPUjCKOM UCTPaXKUBakby U aHA/IM3M apXUTEKTYPE Ha OBUM NPOCTOpUMA.

KroyuHe pujeyu: YkpajuHyu, 1878, HayuoHanHe MarbUHe, CaKPAaHa apxumekmypa, Penybauka Cpricka

THE ARCHITECTURE OF THE UKRAINIAN NATIONAL MINORITY IN THE
REPUBLIC OF SRPSKA

ABSTRACT

The territory of the Republic of Srpska is well-known for a large number of foreign colonies formed after
1878. Foreigners from all over the Austro-Hungarian Empire were settled in the northern parts of Bosnia
and Herzegovina, today covering the municipalities in the Republic of Srpska. The most dominant group
among all national minorities was the Ukrainian. This paper deals with their sacred architecture, which
significantly contributes to the image of architecture in the Republic of Srpska. Common properties, the
historical context and background ideas are shown, along with selected examples of representative
pieces of architecture, followed by a historical and architectural evaluation. Moreover, a note on the
number of demolished sacred buildings is given, completing this paper that originally contributes to the
historical research and analysis of architecture in this region.

Keywords: The Ukrainians, 1878, national minorities, sacred architecture, Republic of Srpska
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1. INTRODUCTION

A larger settlement of national minorities in Bosnia and Herzegovina was recorded as early as
in 1492 and 1496, when Jews from today's Spain and Portugal found their shelter in the
Ottoman Empire, running away from Catholic inquisition squads. Nevertheless, only after the
Congress of Berlin in 1878, a more significant inflow of minorities started. Prior to the
breakthrough to Bosnia and Herzegovina, the Viennese authorities had already had
experience with the development of a lagging economy found in Galicia and Bukovina. This is
why they formed the so-called “Plakolb’s plan” to create agricultural colonies in Bosnia and
Herzegovina, which, indicatively was not mentioned in the process of colonization. [1:23-4]

Even though, the official colonization started only with the Act from 3 August 1893, when a
joint Ministry of Finance issued a directive to the State’s Government on implementation of
the internal and external colonization, [2:117-8] the cases of colonization were substantial
even in the period 1878-1893. The colonized minorities included people from all over the
former dual monarchy; the Poles, the Czechs, the Slovaks, the Austrians, the Hungarians, the
Germans, the Ukrainians, the Italians etc. For the case of the Ukrainians, they originated from
the north-western part of the Austro-Hungarian Empire, which covered not only the majority
of today’s Ukrainian territory but also some Polish lands, resulting in the usage of different
names for groups of Ukrainians coming from different surroundings, like Ruthenians or
Galicians. [3]

The district of Prnjavor, in the north-western Bosnia and Herzegovina, was a destination for
the largest number of immigrants, which resulted in a diverse demographic image, retained
until the present day. In 1884, the Ruthenians were settled in Martinac, Rakovac, Gumjera,
Rosovac, Dubrava, Devetina, and so on. Additionally, there were individual cases of
settlements in various parts of Bosnia and Herzegovina: the district of Novi Grad - immigrants
from Galicia, the district of Dubica - Vranovac and Prosara. [4:126]

After 1893 and the mentioned act, the colonization was much more intense. Much more
favourable conditions for the reception and distribution of foreigners in Bosnia and
Herzegovina had followed the completion of cadastre and land registry activities since the
state had a clear image of its properties, as well as of the population.

A new stage of colonization marked new centres of colonization in addition to Prnjavor:
districts of Novi, Kostajnica, Dubica, GradisSka, Derventa, and Banja Luka. [5:281] In the early
1890s, the first families from Galicia came to the municipality of Polje. [6:187-9] After 1893,
the colonization included many families from Galicia, from districts: Buchach, Zbarazh, Rava-
Ruska, Rudky, Ternopil, Rohatyn, Zolochiv, Sokalj, Brody, Berezhany, Drohobyc, Pidhaitsi,
Permysljany, Horodenka, Tovmac, Sambir, Skalat, and Husiatyn and from the Carpathian
Ukraine from Ticov and Uzhhorod. [7:173-87] In late 1893, the Poles were settled in the
district of Gradiska, where they dominated in Miljevacka Kozara, and were mixed with the
Ruthenians in Celinovac and Gornji Bakinci. Dubrava was inhabited by families from Moravia
and Vinkovci, as well as evangelists from Galicia. It should be noted that the settlers from
Poland are often incorrectly identified. Although they all originate from Galicia, there were
two groups, one authentic Polish - Catholic, which used Polish as their mother tongue, and
the other Ukrainian (Ruthenian) unitary group that used the Ukrainian (Ruthenian) language.
The local population did not tell the difference and called them all Galicians. [8:959]

In the context of the official colonization, with all the benefits, Ukrainian colonies were
formed in LiSnja and Hrvacani, Polish-Ukrainian colonies were formed in places Gajevi,
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Devetina, Stara Dubrava, and Gornji Detlak; Ukrainian colonies with Polish presence were
formed in Kamenica, Nova Dubrava, and Rasovac. [1:27]

In addition to the planned settlement, there was immigration from Austro-Hungary and
Russia without the permits given by the local authorities, and those families without a defined
status were forced to fight for pure survival. In the early 20%" century, there was the
immigration of Galicians to the wood estates of Gumjera, Dolina, Rakovac, and Poprasnica.
[4:127-8]

Officially, the settlement was completed in 1905, when the government stopped giving
subsidies, but reports, however, indicated new inflows of foreigners. With the establishment
of the Parliament in 1910, the local opposition began a political struggle against the
colonization and advocated for giving incentives to the local population without properties.
[3:21]

Settlers from the territory of today's Ukraine belonged to the Russian Orthodox and Ukrainian
Greek Catholic Church, but many Orthodox adherents were later converted to Greek
Catholics, which is visible from the distribution of religious buildings.

2. THE SACRED ARCHITECTURE OF THE UKRAINIAN NATIONAL MINORITY IN
REPUBLIC OF SRPSKA

When the Ukrainians settled in our region they brought along not only the memory of the
homeland but also many skills. As they originated from a milieu where it was traditionally
built in wood, and masters are famous for their skills, the first churches were mostly built
from this material. Wood as a construction material was a favourite material with all
Slovenian nations. Probably the first wooden churches were simple in their spatial
displacement. Many elements of wooden architecture were later transposed into a more
permanent material. Churches rely on the tradition of Russian medieval architecture. Many of
them belong to Byzantine style, according to the conception of the inscribed cross, but almost
always the dome has been onion-shaped, which was influenced by the architecture of Central
Asia. It is not an insignificant number of buildings whose floor plan is in the form of a free
cross, and there are those where a construction master did not base the design on the
traditional architecture.

Until now, sacred buildings of all sizes — churches and chapels are preserved in the following
places: Trnopolje, Prnjavor, Banja Luka, Brezik, BoSkoviéi, Gajeva, Detlak, Derventa, Devetina,
Jablan, Hrvacani, Maric¢ka, Brdani, Donji Srdevici, Rasavac, Seliste, Stara Dubrava, Cerovljani,
LiSnja. Some of them were, during the time, demolished, and later repaired or reconstructed.
This paper analyzes the architecture of representative and distinguished churches, along with
their historical development and current status.

2.1. GREEK CATHOLIC CHURCH OF THE HOLY EUCHARIST, TRNOPOLJE

The parish of the Holy Eucharist in Trnopolje, Kozarac — Prijedor, has been a part of the Banja
Luka parish since 1910 and operates as an independent parish since 1917. Ukrainians settled
in the area of the Kozara Mountain slopes in the period 1890-1912. A chapel in the village
Pastirevo, which was destroyed in WWII, was also a part of this parish. In Kozarac, there was a
Ukrainian Orthodox church, which was converted to Greek Catholic in 1941, and later
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devastated and demolished. The church was built in the spirit of Byzantine architecture, with
the inscribed cross in the floor plan, and a central dome resting on an octagonal tambour.

The church of the Holy Eucharist in the village of Hrnici near Kozarac was built in the period
1930-1940, according to a project done by an architect Stjepan Podhorski (Podhorsky) from
Zagreb.

Stjepan Podhorski was mainly engaged in ecclesiastical architecture. From 1910 to 1944, he
built a number of churches, many of them during the Independent State of Croatia. He was
one of the founders of the club of Croatian architects, which operated in Zagreb from 1905 to
1914. The same plan was used for the purpose of construction of the church in Devetina, with
slight modifications, though. The first church in this area was built in 1911 and dedicated to
the Exaltation of the Holy Cross.

During the reconstruction in 1980, the appearance of the church was changed, which
primarily refers to the shape of the dome, which was originally onion-shaped. The church is
cruciform, while rectangular choir rooms are slightly indicated on the fagade planes. The
dome resting on pendentives is centrally placed. The rectangular portal was formed by a two-
stage embedding into the wall. There were originally three-arched niches above the portal,
and above them, a lunette with a prominent central-placed cross, done in relief. The interior
is decorated with frescoes.

Figure 1. Greek Catholic Church of the Holy Eucharist, Tnopolje [3:139]

2.2. GREEK CATHOLIC CHURCH OF THE TRANSFIGURATION OF THE LORD, PRNJAVOR

Church of the Transfiguration of the Lord in Prnjavor was destroyed during the last war, and a
new one was built in its place in 1998/2002, according to a project done by an architect Pavle
Pastar in 1993. The church is cruciform, with a centrally placed onion-shaped dome on an
octagonal tambour. The fagades are plastered and decorations consist of crown cornices at
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the wall endings and the tambour. The entrance is arched and emphasized, with the oculus
above. Other windows are arched.

Figure 2. Greek Catholic Church of the Transfiguration of The Lord, Prnjavor [3:143]

2.3. GREEK CATHOLIC CHURCH OF CHRIST THE CZAR, BANJA LUKA

Ukrainian Greek Catholic Church of Christ the Czar is located in Srpska Street in Banja Luka.
The residential house for the priests and the construction lot for the new church were bought
in 1930. The Committee for the construction of the Church of Christ the Czar was established
afterwards. The church was constructed in 1932 and destroyed in WWII, during the bombing
of Banja Luka in 1944.

Figure 3. Greek Catholic Church of Christ the Czar, Banja Luka [3:148-9 ]

The project of the new church was done in 1990, by the architect Pavle Pastar, with the
construction beginning in 1998. The construction works on the church are currently in
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process. The church is in the shape of a cross, and a circular tambour with the onion-shaped
dome is placed on the cross-section. Three small onion-shaped domes rise above the altar
area. The only facade ornaments are arcade friezes in the zone below the roof. The windows
are arched: monoforas and biforas. The facades are plastered, painted in blue, while the
decorations are highlighted in white.

2.4. GREEK CATHOLIC CHURCH OF DORMITION OF THE MOTHER OF GOD, DEVETINA

The parish of the Dormition of the Mother of God in Devetina, the municipality of Prnjavor,
was established in 1900. The first church of this parish was located near the present church,
built in 1903, and dedicated to the Saint Apostles Cyril and Methodius. After WWII it was
demolished due to major damage. The parish house in Devetina was built in 1924. The Church
of the Assumption was built in 1936/37. It is surrounded by oak trees. The project was done
by the architect Stjepan Podhorski (Podhorsky) from Zagreb. The same plan was used for the
purpose of the construction of the church in Kozarac. The church is cruciform, while the
rectangular choir rooms are slightly indicated on the facade planes. The onion-shaped dome
is located on the cross intersection, along with the shallow octagonal tambour. The
rectangular portal was formed by a three-stage embedding into the wall. Above the portal
there is a lunette inside which there are two arched windows between which is a niche of the
same shape, and above the lunette, there is a cross done in relief. All window openings are
arched rectangular except for the windows on side altar wings. The only facade ornaments
are crowning cornice of the tambour and shallow corner pilaster strips. After WWII, the
church was rebuilt due to significant damage.

Figure 4. Greek Catholich Church of Dormition of the Mother of God, Devetina [3:158-9]

006-014 | 11
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2.5. ORTHODOX CHURCH OF INTERCESSION OF THE THEOTOKOS, HRVACANI

In Hrvacani, which administratively belongs to the municipality of Prnjavor, there is an
ensemble located consisting of the Ukrainian Orthodox Church of Intercession of the
Theotokos, the bell tower, and the gathering hall. The existing church was built in 1986-1988
when it was consecrated on the anniversary of the Ukrainian Orthodox people; millenary of
baptism and belonging to the Holy Orthodox Church (988-1988) and the centenary of the
immigration to this region (1890-1990). Nearby there was an older church from which to this
day only the foundations are preserved; it was consecrated in 1925. The first church on this
site was built in the last decade of the XIX century. Since it was constructed from poor
material, it did not last long. The existing church is single-naved with prominent lower side
wings, and altar chapels with altar space. Western facade is completed with a wavy gable
wall, whose height rises above the roof. The portal is rectangular, and above the architrave,
there is the lunette. In the upper zone of the western wall, there are three arched windows.
Inside, above the narthex, there is the choir, while the inner space is vaulted with segmental
vault, which is wood-panelled. The altar apse is vaulted with a sliced semi-calotte and the
altar area is separated by a high wooden, iconostasis screen. The bell tower is square in the
floor plan, covered with an onion-shaped dome. On each of the sides, there are two lower
symmetrical wings placed, which hold the space for the lighting of candles. External features
of the gathering hall are identical to the church. Next to the church, once there was a parish
house, which was destroyed during WWII. The church also contains liturgical books that are
mainly brought from Ukraine, and Antimins once belonging to Ekaterini bishop Anatoly.
[9:387]

Figure 5.  Orthodox Church of Intercession of the Theotokos, Hrvacani [3: 184]

2.6. UKRAINIAN DEMOLISHED SACRED BUILDINGS, PRNJAVOR

The parish in Prnjavor was founded in 1899/1900, and the construction of the first Ukrainian
church began in 1911, ending a year afterwards. In Prnjavor, there was a Ukrainian Orthodox
nunnery built in the early thirties of the last century. A residential dormitory - konak of the
Ukrainian monastery in Prnjavor was built in 1937, and demolished in 1965. Within the
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monastery there was an orphanage, which was taken care of by the nuns. By the order of an
army commissioner, Viktor Guti¢, the Ukrainian monastery in Prnjavor was seized on 12t June
1941 and converted to the Croatian National Home. The nuns were expelled from the
monastery. During WWII it was a collection point for Orthodox priests from Prnjavor region,
who were deported from there to a Banja Luka prison house Black house, and then to the
concentration camp Caprag.

The first library in Prnjavor, Ruthenian Reading Club belonging to the association Prosvita was
registered in 1909. In the area of the municipality of Prnjavor there was a Ukrainian Orthodox
Church of the Ascension in Nova Dubrava, which was converted to Greek Catholic and
demolished after WWII. In Kamenica near Prnjavor, an Orthodox Church was erected in 1927,
afterwards the religious adherents were evicted and the church was destroyed.

3. CONCLUSION

The architecture of sacred buildings belonging to the Ukrainian minority in the Republic of
Srpska is certainly the most colourful in terms of different backgrounds involved in its design
and influencing ideas. Spanning from national courses of local customs and already developed
techniques in their originating lands to the shades of different influences of the Russian
Medieval architecture, their building heritage is very important for understanding the overall
image of sacred architecture in the Republic of Srpska, and in Bosnia and Herzegovina, too.
Moreover, the Ukrainians are dominant with a number of preserved sacred buildings in the
Republic of Srpska, when it comes to comparison to other minorities, like the Germans, Poles,
Czechs, Slovaks or Jews. Unfortunately, not all churches have original architectural features,
not seen elsewhere and beforehand, but that does not make them less significant in the
historical perspective of Bosnia and Herzegovina, where they represent an original building
group, very distinctive and representative in comparison to other respective buildings.

Another important aspect is the treatment of these buildings, as they often tend to be
neglected by the local authorities and public sources available for maintenance and
construction improvement. Such treatment, over the past century, led to several major losses
of building heritage, all over the country, and not only in the Ukrainian fundus but in sacred
buildings belonging to all national minorities. It is of great importance to do research on
historical data and archival sources, in order to raise awareness on the importance of this
heritage to the image of national and cultural identity.
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APXUTEKTA JOCUIM BAHUALL U HEFOBU MPOJEKTN Y BAHOJ NYUU

PE3UME

Pap, ce 6aBM apXUTEKTOHCKMM CTBapasialUTBOM HajliPOMUHEHTHUjEr apxuTeKkTe y BocHM 1 Xepuerosuxu
33 BpUjeme aycTpo-yrapcke BaacTv —JocMnom BaHualwem, u ABaMa HeroBMM HajljereHnm pagosuma y
Barboj J/lyum: nocnosHMuom 3emasbecke 6aHke n Bunom XyceymHosuh. Oba npojekTa npunagajy ctmay
Koju je BaHuaLw npomoBKMcao Kao "60ocaHCKM cTu" y apXUTEKTYPU, a NOTOM je 04aBHO npuxsaheH Kao
jesaH OH Herosmx Hajbo/bMx paaoBa Ha NoJby jeaHONOPOANYHOr CTaHOBaka. Pag NpBo Aaje BaHuawesy
6uorpadujy c KpaTkKum npernefom npodecroHaNnHor HanpeTKka, a NOTOM aKLeHaT CTaB/ba Ha HEroB
[ONPUHOC T3B. "O0CAHCKOM CTUAY" Y apXUTEKTYPU, Kao U Ha Herose pedaekcuje Ha NOMeEHYTe NpojeKTe
y Bbawoj Jlyun, opurnHanHo gonpuHocehu, jow yBUjeK aKTUBHOj, AMCKYCMjM Ha OBY TEMY Y UCTOPUjU
APXUTEKTYpE.

Pap, paje nogaTke o opurMHanHOM cTaky objekaTta, Kao M HUXOBOM Pas3BoOjy Kpo3 Bpujeme cBe A0
caBpemeHor foba. 3aK/byyHa gUCKycKja pa3maTpa BaHuawes AONPUHOC apXUTEKTYpU y nepuoay 1878—
1918, ann 1 NnpomoBUCakby HOBUX MUC/IM BaH yobrYajeHUX rpaHmLa apXUTEKTE.

KroyuHe pujeyu: Jocun BaHyaw, apxumekmypa, 6ocaHcku cmus, barba JTyka

JOSIP VANCAS AND HIS ARCHITECTURE IN BANJA LUKA

ABSTRACT

This paper deals with the architecture of the most prominent architect in Bosnia and Herzegovina during
the Austro-Hungarian time, Josip Vancas, and two of his most appreciated designs developed for Banja
Luka: Landesbank branch office and villa HusedZinovi¢. They both belong to what Vancas promoted to
be "Bosnian style" in architecture, while the latter one is widely accepted as one of his best single-family
housing designs. The paper foremost shows Vancas$'s biography and a short overview of his professional
development and then focuses on the discussion of his contribution to the so-called Bosnian style in
architecture, and its reflections to mentioned designs in Banja Luka, originally contributing to this still
active question in the history of architecture.

The paper gives data on the original status of the buildings, as well as their development throughout
history, with reflections to contemporary time. The concluding discussion reviews Vancas's contribution
to architecture in the period of 1878-1918, as well as the promotion of new thoughts outside the usual
work of a typical architect.

Keywords: Josip Vancas, Austro-Hungary, architecture, Bosnian style, Banja Luka
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1. INTRODUCTION

At the dawn of the occupation of Bosnia and Herzegovina, which was formally decided at the
Congress of Berlin in 1878, numerous preparations for the process took place, in the majority
in Vienna. One of those was a structured approach to construction activities in Bosnia and
Herzegovina, which was not only architecturally deteriorated by the centuries of the Ottoman
rule, but also uneducated, poor, and unaware of the ongoing situation in contemporary
Europe.

Just like it was done for all other public positions, locally educated architects, civil engineers
and technicians from different parts of the Danube Monarchy were sent to civil service in
Bosnia and Herzegovina. Some of them did not leave in the country any considerably
important pieces of professional work, but some still did. One of those was Czech by
nationality, Hungarian by place of birth, and Austrian by education, Josip Vancas.

In comparison to other foreign architects employed in Bosnia and Herzegovina after 1878,
Vanca$ had not only outstanding results in the field of architecture but also a very active
social and political engagement, providing him a remarkable image in the time that was yet to
come. One of his greatest achievements for local architecture has a political background. It is
the "production" of the so-called "Bosnian style", according to him, specifically related to
architecture in Bosnia and Herzegovina. He used his privileges as the national representative
in the Bosnian Assembly to bring up that coin, that is still attracting the historians and
theoreticians of architecture for strong disputes and debates.

This paper showcases the results of a research conducted on his work in the local area of
Banja Luka, where he, truth to be told, produced by far the lowest number of projects in
comparison to other major cities in Bosnia and Herzegovina at the time, but still those were
two remarkable, milestone projects, still appreciated as Vancas's peaks of that time.

2. ARCHITECT JOSIP VANCAS

Josip Vanca$ was born on 22 March 1859, in Sopronj (Odenburg) in the Austro-Hungarian
Empire, a place today located in Hungary, near the Austrian border on Neusiedler See. He was
Czech by nationality.

First, he studied at the Technische Hochschule in Vienna in the year of 1881, under the
mentorship of professor Heinrich von Ferstel. Afterwards, in the period between 1882 and
1884, he attended studies at Akademie der Bildenden Kiinste, at the department for
architecture with professor Freidrich Schmidt, a specialist for the Gothic revival style in
architecture. During his studies, besides Schmidt, Vancas co-worked with famous Viennese
architects Ferdinand Fellner and Hermann Helmer who were especially admitted to concert
halls and theatres, their project is Volksteatar in Vienna. [1:253]

Afterwards, in 1883 the Government in Bosnia invited him to come to Sarajevo and
participate in the construction of a new Cathedral and the Government administrative
building. Professor Schmidt recommended Vancas to carry out his own project, but when the
authorities realised that Schmidt’s project is too expensive, Vancas was assigned as a chief
architect.

In the first years of his stay in Sarajevo, which lasted until 1921, he designed mainly
historicisms, and then slowly changed the course towards secession and, later on, the so-
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called “Bosnian style”. Among all foreign architects that worked in Bosnia, and maybe until
nowadays comparable to all contemporary ones, Vancas left the biggest opus of works and
ingenious amount of different approaches, designs and implemented ideas. Overall, Vancas
designed and built more than 240 buildings: 102 houses, 70 churches, 12 institutes and
schools, 10 state and municipal buildings, 10 banks, 7 palaces, 6 hotels and coffee-shops, 6
factories, 7 interior designs and altars and 10 adaptations. [2:36]

Figure 6. Josip Vancas (1859-1932) [3:49]

Vancas's best profane designs are, besides others: Government administration building |
(currently The Presidency building) (1884-1886), Grand Hotel, together with Karel Parik
(1893-1895), Central Post office (1913) all in Sarajevo, and The Grand Hotel Union (1903—
1905) and The Municipal Savings Bank (1903-1904), both in Ljubljana, Slovenia.

Vancas deceased on 15th December 1932 in Zagreb.

Figure 7. Main Post office in Sarajevo: designed 1907-1910, and built 1913 according to plans by Josip Vancas:
present condition (2013)
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Figure 8. The Grand Hotel in Sarajevo: built 1892-1895, according to project done by Josip Vancas and Karel Parik
[4:18.d]

3. BOSNIAN STYLE IN ARCHITECTURE [1:224-244, 5:149-284]

Before starting about the very name “Bosnian style,” one has to be aware of the inconsistency
in the leading literature about the originality and the roots of this style. Maybe the best
critical and objective opinion was given by one domestic contemporary art historian. [6:170—
174] Bosnian style emerged out of Josip Vancas’s desire to affirm the possibility of modelling
modern projects with elements of traditional architecture. The name “Bosnian style” first
appeared in 1910, when it replaced “Pseudo-Moorish style” for design principles that
combined, until then never seen, concepts of religious Islam and oriental architecture on one
side and secession guidelines on the other [5:170], and officially in 1911, when Josip Vancas,
as a parliamentary deputy, submitted a request regarding exemption of the tax payment for
buildings constructed in “Bosnian style”.

Vancas strongly emphasized the importance of (re)-creation of the traditional Bosnian
architecture that could be seen on remained buildings from the Ottoman period, mainly
single-family houses for rich Turkish families. Yet, the style combined different secession
details with a typical traditional house from the region, making this hybrid model unique.

When one takes into account general Austro-Hungarian politics, and especially the strategy
towards newly occupied territories, where all existing national ideas and diverse ethnic
groups should be suppressed in favour of new, in this case, Bosnian and Herzegovinian forced
tradition, it becomes quite clear the idea behind this “style.” [7:67]

The new style is an expression of function, material and structure, with elements of modern
architecture. Elements of traditional architecture are not taken from Bosnian house but
derived from them into new elements that corresponded between each other on a higher
level. [7:67]

Some would also say that Bosnian style has development continuity, unlike some “forced”
styles that were to be “created” at that time, like in Slovenia, Serbia, Czechoslovakia etc.

General attributes of this style are the usage of the following elements: high plinth zone walls
made in stone, windows with archivolts, steep roof in the Dinara mountain house style, roof
dormers, oriel bay windows etc. The interior design, from case to case varied, but in some
exceptional examples, like in villa HusedZinovi¢ in Banja Luka, all rooms have a different kind
of decoration, spanning from Moorish and traditional Islam art to Art Nouveau.
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Vancas himself did the best projects in this type of architectural language: like a series of
buildings for Landesbank branches or, also here described, villa HusedZinovié. [5:265]

3.1. LANDESBANK BRANCH

The building was located in the vicinity of KaiserstraBe, at the beginning of the street that led
from KaiserstraRe to Public Hospital. If the building existed nowadays, the address would be
in Marije Bursa¢ Street. Today, an administrative building and headquarters of one
commercial bank are located in its place.

Landesbank branch was designed by Josip Vancas in 1910 using the same language and
methods that he also applied to many single-family houses. The bank in Banja Luka was one in
the series of branches designed that year; the project comprises all the elements needed to
understand the latest phase of Vancas’s design in the light of the new-coming “Bosnian style.”
[1:227-228]

Figure 9. Landesbank branch; elevation view from the east. [5:267]

The ground floor was static and strong, covered with stone blocks with windows finished in
archivolts. In higher zones, walls were covered with plaster and had oriel windows decorated
with wooden elements, which could be found also in the roof zone. The roof was also
traditional, steep, with dormers, and emphasised chimneys.

After the earthquake in 1969, the building suffered significant damages and was torn down in
1970.

Figure 10. Landesbank branch; view of the northeastern corner [8:193]
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3.2. VILLA HUSEDZINOVIC

Villa is located in the northern part of old Donji Seher, in the vicinity of Ferhadija Mosque,
Tsar’s School and Kiraet-hana. Its backyard is oriented towards the Vrbas River. Today, the
address is 34 Slavka Rodica Street.

Villa for the mayor of Banja Luka, Hamidaga HusedZinovi¢, is in general one of the most
important examples of the neo-traditional style, later named “Bosnian style” in architecture.

Figure 11. Villa HusedZinovic; the original sketch done by Josip Vancas [9: table 25]

Figure 12. Villa HusedZinovic; ground floor plan [9:193]

Villa Husedzinovi¢ was designed in 1911 [9:193-194] and built in 1913 [1:227] on the western
side of the Kastel Fortress close to the Vrbas River and it still exists there. This part of the city
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was not developed by the Austro-Hungarian authorities and had preserved spontaneous
expansion principles, inherited from the Ottoman era, which can be easily noticed even
nowadays.

The design has a similar approach and conceptual details like Landesbank branches: high
plinth zone made in stone, archivolts on windows, roof dormer, oriel bay window, and also a
traditional garden oriented towards the Vrbas River making a compact ensemble along with
side entrance gateways and walls around the site.

One thing has to be emphasised: although it may seem that the house is a pure facsimile
reconstruction of the traditional house from Bosnian towns, it certainly is not. It is for sure an
attempt to set the traditional framework within the borders of contemporary architecture
from the beginning of the XX century, without losing any of the characteristics of “genius
loci”.

Structural properties are inherited from the traditional house from Bosnia and adapted to
newer systems of construction, materials and technologies. The building has a cellar, ground
floor, first floor and small attic zone.

Figure 13. Villa HusedZinovic; first floor plan [9:193]

The structure is simple; the cellar is made of stone, the ground floor zone is made of bricks
and stone in plinth area, while the first floor is made of bricks only. Walls are approximately
50 cm thick in the ground floor zone. Floor and roof structures are also made of wooden
elements. Backyard porch, attached to the house, was made of wood, but due to low material
quality it was demolished and recently replaced with a new one, made of the concrete.
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Three materials are dominant: ground floor zone, along with entrance gateways is covered
with stone blocks; first floor zone is plastered and painted in a combination of white and
green colour. Other decorative elements are wooden.

Figure 14. Villa HusedZinovic. View of the northwestern fagade; present condition.

The inner organization partly retained one of the Turkish house rules: a typical separation
between men and women zone and that is why the courtyard has two entrances, the right
one for women and the left for men. This division is not identical to the original Turkish,
because zones are connected with “mabejn”. Functional disposition allows normal contact
inside the house.

The house has three saloons for both women and men. Saloons for men are: Arab room, guys’
room and office. Saloons for women are: women’s “divanhana”, pink saloon, and girls’ room.
[10:122-135]

Figure 15. Villa HusedZinovic; “divanhana” details [11, 10:130]

“Divanhana” is the only room that preserved its original interior design, which represents a
unique connection between traditional elements and imported furniture directly from
Vienna. The oldest part of the furniture is the standing clock with engraving in German: “Die
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Zeit ist Geld”. Interesting floral decoration can be seen on upper wall zones and the ceiling,
which are rare examples of preserved “al secco” decoration done in secession style in Bosnia.

Arab room is also interesting. It is, however, an unfortunate case because it was removed
from the house; in 1958 it became a part of the permanent collection of the Museum of
Bosnian Krajina, today the Museum of Republic of Srpska. Except for the traditional Bosnian
rugs, originally named “¢ilim”, everything was designed in Moorish and Persian style. The
furniture is imported from Cairo and delivered via Vienna.

Figure 16. Villa HusedZinovic; Arab room detail. [10:129]

Pink saloon is not preserved anymore. According to existing information and available photos,
some references can be given; after the owner’s death, it was exported to Dubrovnik, Croatia;
its main parts were chairs and an “S” chair with obvious Art Nouveau influence.

Considering the fact that the house is neither under protection nor on any of the lists of
protected heritage, it has preserved a satisfying amount of its original design. This, however,
is not given in general, because current owners had done several add-ons and structural
changes, mainly in garden sections, ruining some ideas of the original design.

Figure 17. Villa HusedZinovic; furniture in style of Louis XV, “pink saloon”. [11:132]
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4. CONCLUSION

The significance of Josip Vancas$'s works has a multi-layered context, and as such has to be
analytically understood. Vancas has established himself as the forerunner of the historic
architecture exercised in Bosnia and Herzegovina after the arrival of Austro-Hungarian
authorities and as a very honest reproducer of what had already been seen in Vienna earlier
in the XIX century. More important is that he set the principles for works of other architects
that were still to come to an occupied country and develop their work in the following 40
years.

Unlike other architects, that maintained a certain level of production, Vancas went several
steps further, achieving more than the architectural design. Vancas proved himself as a very
insightful architect and thinker, managing to go beyond everyday life in Bosnia and
Herzegovina. Powering the idea of "Bosnian style" has to be acknowledged as a very brave
and dare venture, especially when all social circumstances are taken into account. Moreover,
one has to give credits to Vancas for being so keen to the idea of a new national style, that he
even introduced it in his own practice in a very short period of time, progressing from a quite
superficial idea of reviving historical revival styles.

There is the importance of his works in Banja Luka. Comparing some other pieces of
architecture, foremost in Sarajevo, then in Mostar and Tuzla, it is very easy to understand that
Banja Luka did not stand out with its architecture. Moreover, in some aspects, it was quite
inferior to Sarajevo. Only the "Bosnian style" had its peak in Banjaluka, with the works of Josip
Vancas. Even though there will be many disputes over the question of the "Bosnian style," it is
clear that Vancas's idea is noteworthy, overwhelming the context of a strong, repetitive story
of historical styles imported from the Western world, and anyhow represents the promotion
of local architecture.

Unfortunately, history played harsh with Landesbank branch, which got destroyed, while villa
HusedZinovi¢ is preserved, but very poorly maintained and treated. It is still to further
research and discuss the "Bosnian style" in order to properly understand it and place it in a
corresponding historical stream. In such work, Vancas's works in Banja Luka will for sure be
the most prominent and important artefacts.
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MPUMIEHA NHOOPMALIMOHUX TEXHOJIOTUIA'Y AHANTN3U U MPEABUBARY
YCIJEXA CTYAEHATA

ATICTPAKT

MpuMmjeHa OTKpWBarba 3aKOHUTOCTM y nogauuma y obnactv obpasosama (eHrn. Educational data
mining) npeacTas/ba HOBY 061acT MHPOPMALMOHMX TEXHONOMMjA KOja je y eKcnaH3unju. Y oBom paagy je
Kopuwherem data mininga nsspleHa aHanM3a M pasBoj mogena 3a npeasuharbe ycnjexa cTyaeHaTa,
33aCHOBAHOT Ha NojeAMHUM GAKTOPUMa KOjU YTUUY Ha HUXOB ycnjex (ycnjex y cpearboj WKoK, yenjex Ha
npujemHoOm ncnuTty). UctpaskmBarbe MMa 3a LM/b A3 NOKaXKe Yy KOjoj Mjepu ycnjex y cpeaoj WKoAu u
ycnjex Ha NpujeMHOM UCNUTY YTUYY Ha YChjex yYeHWKa TOKOM CTyaMpatrba, a KOju ce npuje ceera ornesa
Ha oujeHama M3 6asnyYHUX NpeameTa U yKynHom 6pojy octBapeHux ECTS 60p08Ba. Y UCTpaskuBakby Cy
KopuwheHu caBpemeHun codTBepcku anatu: RapidMiner, SPSS u MATLAB.

KrbyuHe pujeydu: uHgopmayuoHe mexHosozuje, 8UCOKO obpaszoearse, data mining, aHanusa,
npedsuharbe nocmuzHyha cmydeHama

THE APPLICATION OF INFORMATION TECHNOLOGIES IN THE ANALYSIS AND
PREDICTION OF STUDENTS' SUCCESS

ABSTRACT

The application of educational data mining is a new area of information technology that is expanding.
Using this data mining, the analysis and development of models for student success prediction were
performed based on certain factors affecting their success (success in high school, success on the
entrance exam). The aim of the research is to show the extent to which success in high school and the
success on the entrance exam affects the students' success during their studies at the higher education
level, which is primarily reflected on grades from the core subjects and the total number of ECTS credits
achieved. The study used modern software tools: RapidMiner, SPSS and MATLAB.

Key words: information technology, higher education, data mining, analysis, prediction of students’
success
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1. YBO/

KOHTMHyMpaH Hanpedak caspemeHor apywrtsa, npaheH passojem MHPOPMaULMOHUX W
WHTEPHET-TEXHOOIMja, Kao HYXXHOCT Hamehe noTpeby Aa ce Ha CTPaTerMjckom HUBOY BOAM
bpura o o06pasoBarkby W CTa/IHOM YycaBpliaBakby. KBanuteT BMcOKor obpasoBaka ce
yobuuajeHo mjepu nocturHyhuma cTygeHaTa, Te je HeONXO4HO YTBPAWUTW K/byuHe YMHUOoUe
ycnjexa cTyAeHaTa y um/by nobosbliarkba BUCOKOLLKOICKOr 06pa3oBHOr npoLieca.

3a BMCOKOOGpa3oBHE YCTaHOBE aHa/nM3a YCMjewHOCTU CTyaupakba BP0 je BaKHa, jep
CTpaTervjcko NaaHuWpare CTYAMjCKMX Nporpama 3aBuCM o4 Tora ga M nporpam Tpeba
nosehaTu unu ogpxatn noctojehy ycnjewHocCT cTyaeHaTa, ako je oHa 3az0BosbaBajyha [1].

OTKpUBakbe 3aKOHUTOCTM Yy NogauMma Koju gonase M3 o61actv obpasoBarba K/byUYHU je Kopak
3a OTKpMBakbe HOBMX Ca3Harba, 06/1MKa NoHalara, npeasuhatba M Npuaarohasaka Npoueca
obpasoBarba. AHanu3a nojeauMHUx GakTopa O CTYLAEHTY, Of YyCnjexa y CpearO0j KON U
ycnjexa Ha NpuWjeMHOM WMCMUTY, ycrjexa Ha NpBOj rOAMHU OCHOBHWMX aKaAeMCKUX CTyamja, C
nocebHMm ocBpTOM Ha 6asvyHe npeamete (matemaTuka, uHGOpMaTMKa, HaupTHA
reomeTpuja), NPeKo HUXOBOT yTULLAja U KOpenaLuuje ca LjeIoKyNnHUM YCNjexoM CTyauparba,
npeacraB/ba NpegMeT UCTPaXKMBakba OBOT pasa.

2. OBRAZOVNI DATA MINING

Obrazovni Data Mining (Educational Data Mining — EDM) npepacTas/ba HOBY ob/s1acT Koja ce
6aBM pasBojeM, WUCTPaKMBatbEM M MPUMjEHOM METOAAa 3a OTKPMBatbe 3aKOHWUTOCTU Y
nogauMma y okBupy 6asa nogartaka u3s obnactm obpasoBarba, a Koje 6M MHAYe KNacuYHMM
meTofama bune TewKo WAM cKopo Hemoryhe aHanuaupatM u yTBpHMBATM 3aBUCHOCTH,
obpacue MoHawara W Yyyera KOA CTyAeHaTa, npuje csera 360r Be/MKE KOAUUYMHE
noaartaka. [2]

Mpoy4yaBatbeM mynTugucumnaMHapHoct EDM-a, mory ce u3aBojutu Tpu obnactm Koje ce
mehycobHo npenavhy n MHTErpuwwy: MHPopmaLmoHe TexHoNornje, (BUCOKO) obpasoBatbe U
CTaTUCTUYKa aHanu3a (caunka 1).

1 EDM

O6pasoBatbe

*yTeph

33BUCHOCTK
* OTKpUBaH-E
33KOHWUTOCTHU

* Data mining
= HeypoHcke
mpexe

* cTparerujcko
oany4MBarbe

* MEHALIMEHT

KBanuTeTa

WMHdbopmaymoHe
TEXHOMOTMje

Cratucrmydka
aHanusa

Cnuka 1. Obaacmu Koje yuHe memeso EDM-a

2.1. UCTPAXUBAHA

EDM ucTpakuMBarba 3aCHMBAjy Ce Ha KOHUENTMMa KBaHTUTATMBHE aHanu3e, mMeTogama u
TEXHMKama CTaTUCTMKE U BjewTadyke uHTenmreHumje. JOMUHaAHTHa UCTPaXKMBadKa napagurma
je KBaHTUTATMBHO MpeLCTaB/batbe pe3ynTaTta Koju aonase y obauky npeasubharba, kKnacrepa
nnmn kKnacuduKaumja, a Koju cy YecTo M KBaNIMTaTUBHO 06PAa3/I0KEHM.
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EDM ce wu3gBaja Kao Hes3aBMCHa 006/1acT WCTpaXKMBakba, MPOUCTEK/IA M3  BjeluTayke
WMHTeNureHuunje y obpasosary, Npu YemMy cCe y BEUKO] Mjepn KOpUCTe CTaTUCTUYKE MEeTOAE U
TectoBu. TexmwTte EDM-a je Ha ucnuTMBarby daKTopa Koju AMPEKTHO YTMYY Ha ycnjex u
noHawarbe CTyAeHaTa, aHanu3a 06pPa3oBHOr cuCTema, o4 nojnaraka KeannduKaLmoHor
MCMUWTa, KPO3 LjeNoKyNnaH HacTaBHM NpoLec, A0 oabpaHe 3aBpLIHOr pasa.

Kamben (Campbell) n O6anHep (Oblinger)[3] aedmHmMwy EDM Kao aHaiUTUKY aKageMCKUX
nogataka Kopuwherem CTaTUCTUYKMX MEeToda, Ha HauuH Koju he nomohu meHaymeHTy
BMCOKOLLUKO/ICKAX YCTaHOBa f4a MOCTaHe aKTUBHMjU Yy OTKpMBakby cneumduyHux rpyna
cTydeHaTa (HMp. jedaH o4, KpuUTepujyma 3a rpynucakbe cTygeHaTta Moxe 6uTM 3aBplieHa
cpeAtba WKOMA) U pearyje y cknagy ca TMm (Hnp. npunarohasarbem HacTaBHOr maaHa u
nporpama, ysoherem daKkynTaTMBHMX npegmetra U CA.), a y uu/by nobosbliarba ycnjexa
CTyAeHaTa v yHanpeherba KBanuteTa obpasoBHOr Npoueca.

2.2. UWM/bEBU

OcHoBHU unbesn EDM-a mory ce KnacupukosaTn y crbegehe kateropuje [4]:
= npeaguhatbe ycnjexa cTyAeHaTa,

® OpraHu3auuja HaCTaBHOr NPOrpama,

= npeagubharbe ynuca cTyfeHaTa y HapegHy (BuLy) roguHy ctyamja,

=  paeHTUdUKaLMja aBHOPMaNHUX/eKCTPEMHUX BPUjeAHOCTM Y 0B6pasoBHOM CUCTEMY.

3a ocTBapMBakbe OBUX LM/bEBA KOPUCTE Ce PasnnyuuTh anroputmun data mininga, Kao wTo cy:
cTabna oaNyuMBakba, BjelwTauke HEYPOHCKE MpeXKe, Knactep anroputmu uTa,.

2.3. CO®TBEPCKM ANATU

MHTEH3MBHM pa3Boj MHOOPMAUMOHMX TexHonoruja, nocebHo obnactn BjewTauke
WMHTEeNUreHumje, yCnoBmo je passoj coGTBEPCKMX anaTa KOju ONaKLIaBajy HUXOBY NMPUMjeHyY.
CobTBEPCKM anatM AOOMWHAHTHM y obnactu EDM-a, a Koju cy KopuwheHn y oBom
UCTparkmnBakby, jecy RapidMiner n SPSS.

2.3.1. RapidMiner

RapidMiner npeacrtas/ba Boaehu codpTBep oTBopeHOr Koga (eHrn. open source) 3a data
mining. ocTynaH je Kao 3acebHa ananKaLumja 3a aHaM3y NofaTaka, a MoXKe [ia ce UHTerpuie
y concrtBeHn npowusBog. RapidMiner KopucTu ce y 061acTv BjeliTayke WHTeNUreHuwuje,
npensuharba M NOCOBHWUX aHaNM3a.

Hberosa npumjeHa je WKMPOKA, jep obyxBaTa anaTte, TEXHUKE U MeToAe 3a 06pady BeNUKUX
KO/MYMHA mojaTaka napanenHo, omoryhyjyhu amsajH komnnekcHux mogena. MocebHo ce
KOPWCTU Y OTKPMBakby 3aKOHUTOCTM Yy Nodaumma.

2.3.2. SPSS

SPSS (Statistical Package for Social Studies) npeactas/ba codTBEPCKM MAKET 3a CTAaTUCTUYUKY
aHanuM3y Koju ce Hajsuwe npumjerbyje [5]. OmoryhaBa aHanusy wu maHunyaucarbe
KOMMNNEKCHUM nogaunma Ha jeAHOCTaBaH Ha4yMH. SPSS cagpKu BesMKK 6pOoj CTaTUCTUUKUX U
MaTeMaTUYkux ¢yHKUMja, CTAaTUCTMUKMX npoueaypa, M Beoma ¢nekcMbunHy cnocobHocT
ynpaB/batba nogaumma. Moxe yumTati nofgatke y CKOpo cBakom popmaTy (HNp. HYMEPUUKK,
andaHymepuukn, buHapHu, aatym/sBpujeme), a HOBMje Bep3uje MOry ydyuTatM U gaToTeke
KpeupaHe nomohy spreadsheet/database copTsepa.
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SPSS vima WKWPOKY NPUMjeHy Y NPUPOAHUM, APYLWTBEHUM M TEXHUYKMM HayKama. Y obnactu
obpasoBarba Hajuyewhe ce KopucTu 3a yTBpHMBatbe 3aBUCHOCTM U MPUMjEHY PasANYUTUX
CTaTUCTUYKMX TECTOBA.

3. MOJEN U METOAE NCTPAXNBAHA

Mopgaun 33 Mogen npuKynbeHUn cy u3  DakynTeTckor MHGOPMAUMOHOr  cucTema
ApXUTEKTOHCKO-rpaheBuHCKO-reoaeTckor Gakynteta YHusep3uteta y bawoj Jlyuu. Nopauym
obyxBaTajy CTyfieHTe ynucaHe y NpBY rOAWMHY OCHOBHMX aKaZleMCKUX CTyAuja akafemcke
2014/2015. »n 2015/2016. roanHe. HakoH enMMUHaLMje HeMmoOTNYyHWX MoAaTaKka, y30paK je
obyxBaTno 248 ctyaeHaTta. KpeupaH je Kay3asHU MOAEeN YCnjelwHoCTU CTyauparba, Npy Yyemy
ycrjex Kao n3nasHy npomjeHsbusy oapehyjy ABnje KOMMNOHEHTe:

= 6poj ocTBapeHux ECTS 6oa08a 1

= oujeHe u3 6asmuyHux npegmeta (/IMHeapHa anrebpa, AndepeHumjanHU U UHTErPaNHU
payyH 1 n 2, MatemaTuKa y apxutektypu 1 n 2, UHdopmatnka 1 n 2, MHdopmaTmKa 3a
reogete 1 1 2 n HaupTtHa reometpuja).

Kao yna3s mozena ynotpujebsbeHe cy ABuje NPOMjeH/bUBE:
= 6poj 6040Ba OCTBAPEHUX Y CPEAHOj LUKOAU, U

=  6poj 6bogoBa OCTBAPEHMX HA NPUJEMHOM UCNUTY.

MeTogae nctpaxmBatba y 0BOM pasy b6asmpaHe cy Ha noctojehum Teopmjckum pesyntatuma u
eKcnepumeHTanHOM paay y oBoj obnactu [6],[7],[8]. Y noc/bearbux net roamHa objaB/beH je
3HayvajaH 6poj pagoBa M ypaheHo AocTa AOKTOPCKUX AucepTaumja. Y jeaHoj og wux [9] cy
onucaHe MoryhHOCTM NpumjeHe NOCNOBHE MHTenureHuuje, nocebHo EDM, 3a aHanusy u
npeasuhatbe ycnjexa cryamparba. EKCnepumeHTanHW gmo paga ce ornega Ha NpumjeHu
CaBpeMeHMX CTaTUCTUUKMX anata u data mininga y unby aHanuse u npeasuhara ycnjexa
cTyaeHaTa ApxuTekType, paheBnHapcTBa M Neosesnje OCHOBHUX aKaAeMCKMX CTyauja.

OcHOBHe MeToAe MUCTpakuBara KopuwheHe y paay jecy: meToga aHanu3e, MeToa CUHTE3E,
mMeToga MoAenuparba, CTaTUCTMYKA MeToda, MeToda NOC/NOBHe uHTenureHuuvje. MeTtoaa
aHanuse kopuwheHa je 3a yTBphuBare penaunja wuamehy ynasHUX W U3NA3HUX
npomjeH/bMBMX. AHanuM3a nogataka MMana je 3a Uwb [fa yKaxe Ha notpeby u nytese
nobosblwarba ycnjexa CTydeHaTa, WTO je npeameT MUCTpaxkuMBawa. Metoga cuHTese
NpUMMMjereHa je y U3rpagtu TeopUjCKOr OKBMPaA Y CMjepy oA NocebHOr Ka onwTem Ha OCHOBY
noctojehmux Hay4yHOWUCTpaXKMBauyKMX pagoBa u3 obnactm EDM. MeTtoga mogenvparba
ynoTpujebsbeHa je 3a u3pagy mogena 3a npeasuharbe ycnjexa cTyguparba, Kao v 3a u3pagy
cOohTBEPCKOr MOZENa 3a eKcnepumeHTanHy aHanusy. TOKOM UCTpaxuBamwa KopuwheHa cy
codTBEpPCKA OKpyrKera: RapidMiner, SPSS n MS Excel. Ctatnuctnyka metoaa KopuwheHa je 3a
CTaTUCTUYKO TecTUpatrbe, yTBpHMBarbe 3HaYajHOCTU UM Kopenauuje NPpoMjeH/bUBMX Ha KOjuMma
ce 6a3npa mogen 3a npeasuhatbe ycnjexa CTyAeHaTa y 3aBUCHOCTM 04, NoAa, CpeauHe U3 Koje
J0onase 1 3aBplleHe cpearbe WwKone. Metoga NOC/I0BHE MHTENUTEHUMje NPUMNjerbeHa je Ha
ageduHUCaHOM MoZeny Kako 6U ce MUCNUTAo yTULAj YyaAa3HUX MPOMjEH/bMBUX Ha M3NasHy
NPOMmjeH/bu1BY.

Y codTBepckom oKpyKewy RapidMiner KpeupaH je mogen (cnvka 2) y Kojem je KopuLuTeH
onepaTop Kopenauuje, Kako 6u ce ytepauno nsmehy Kojux Bapujabam noctoju ysajamHa nam
peumnpoYHa NoBe3aHoCT.

028-038 | 31



028-038 | 32

Jb. Mpepagosuh, b. Crojucaebesuh, A. FahuHa MpumjeHa nupopmaumonmx... [6] 2018 6[1] AlT+

Cnuka 2. Moden ucmpaxcusarba y RapidMineru

Y eKcnepumeHTa/IHOM Aujeny M3BpLUEHA je eBanyalMja pasBujeHor moaena 3a npeasuhare
ycnjexa cTyfeHaTa Ha OCHOBY nojaTaka w3 Pakyntetckor MHOOPMALMOHOr CUCTEMA.
Pe3ynTaTv ekcnepumMeHTaHOT UCTPaXKMBakba yTBPhHYjy 3aBUCHOCT ycnjexa cTyaeHata (Koju ce
ornena y 6pojy octBapeHux ECTS 6omoBa M oujeHa M3 6asnuHMx npeamerta) oa 6o40Ba
OCTBAapEeHUX Yy CPeAt0j LWKOAM U Ha npujemHom ucnuty. Linb ucTpaxkusara ornega ce y
yTBphUBaky 3Hayaja ycnjexa y cpefhOj LWKOAN U Ha NPUjEMHOM WMCNUTY 3a ycnjex TOKOM
CTyauja, Kako 6u ce A06MO OAroBop Ha MUTakbe Aa /M yCnjex TOKOM CpenOLIKONCKOr
obpasoBatba 3HAYAjHO yTMYE Ha ychjex Yy BMCOKOLKO/NCKOM o06pasoBaky — Yy KOjuUm
CermeHTMMma 1y Kojoj mjepu.

4. PESYNTATU NCTPAXKNBAHA

Y Tabenu 1 npeacraB/beHe cy OUjeHe M3 NOjeAuHUX MONOKEHUX npegMeTa npse roauvHe
OCHOBHUWX aKaAeMCKMX cTyguja. Hajsuwy npocjedHy oujeHy (8,14) ocTBapuaun cy CTyLeHTU
CTyAujckor nporpama lpahesuHapcmeo w3 npeameta MHgopmamuka 1, 3aTUM CTYAEHTU
cTyamjckor nporpama leodesuja us npeameta UMHpopmamura 3a 2eodeme 1 (8,04). HajHuxky
npocje4Hy oujeHy (6,90) umajy ctyaeHTM M3 npeameTta JluHeapHa anzebpa (cnywajy cTtyaeHTu
CTyAjckunx nporpama pahesuHapcmeo v leodesuja).

Tabena 1. OyjeHe u3 nosoxceHux npedmema rnpee 200UHe

Mpeamet — oujeHa N [101 9| 8| 7 | 6 | Meaujan I‘Ipoc.jeulHa
oujeHa
NHbopmaThKa 3a reogete 1 521011329 9|1 8.00 8,04
NHdopmaTuKa 3a reogete 2 a6 217 119]17] 1 8.00 7,83
NHdopmatuka 1 s1|of12|35|3| 1| 800 8,14
NHpopmatuka 2 45 |2 (915|145 | 800 7,76
MaTemaTtuka y apxutekTypu 1 531251421 7.00 6,93
MaTemaTunKa y apxuTekTypu 2 39lal2]l5]9]19 7.00 7,05
HaupTHa reometpuja 9 [10|10|17|26]33]| 7.00 7,35
/nneapHa anrebpa 84 |27 |11]25(39]| 7.00 6,90
AndepeHumjanim v nHTerpantm pasyH 1 | 45 312115 11]21 6.50 6,93
OundepeHumnjanHn n MHTErpanHn padyH 2 3513259 (16 7.00 7,06
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Ha rpaduKoHy 1 npukasaHe cy cpeftbe oujeHe No npegmeTma, a Ha rpaduKoHy 2 aat je
npuKas guctpubyuuje oujeHa no npegmeTuma.

TpadpukoH 1. [Tpuka3 cpedre oujeHe rno npedmemuma

FpadpukoH 2. [puka3z ducmpubyyuje oujeHa no npedmemuma

Y Tabenn 2 npuKasaHa je nose3aHocT ECTS 6omoBa M 6040Ba OCBOjeHMX TOKOM
cpearOLWKO/ICKOr 06pasoBamba, Ha NPUjEMHOM UCMUTY M OLjeHa U3 NojeAnHUX NpeameTa.

ToKOM cpeaHOLWKOoNCKOr obpasoBaktba KaHAMAATM Mory ocTBaputu 50% ykynHor 6poja
6040Ba, a TeCcTUparbem MOBE3aHOCTU C OLjeHama M3 MojeauHUX npegmeTa M 6040BMMA
OCTBAapPEHUM TOKOM MPUjeMHOT UCMWTA, BUCOKO CTaTUCTUYKM 3HauYajHa nosesaHocT (p =.192, p
=.010) je nobujeHa camo c 6040BMMa OCTBAPEHUM TOKOM MPUjEMHOT UCMUTA, @ CTaTUCTUYKU
3HayajHa NoBe3aHoCT ¢ oujeHama U3 cbegehux npegmeta: MHbopmaTuKa 3a reogete 1 (p =
.326, p = .018), UHdopmaTuKa 2 (p = .363, p = .014) 1 MaTemaTuKa y apxuTtekTypu 2 (p = .337,
p =.036).

BoaoBM OCTBAapeHM TOKOM MPUjEMHOT UCMWUTa BUCOKO CTaTUCTUYKM 3HAYajHO Cy NOBE3aHWU ca
oujeHama wu3 cwepehux npegmerta: MHbopmaTuka 3a reogete 2 (p = .451, p = .002),
MaTemaTuKa y apxuTektypu 1 (p = .425, p = .004), MatemaTtuka y apxutektypu 2 (p = .425, p =
.007), HaupTHa reometpuja (p = .312, p = .002), /inHeapHa anrebpa (p = .418, p = .000),
OndepeHumjanHm v nHTerpanHm padyH 1 (p =.550, p =.000), AudepeHumnjanHn n nHTerpaiHu
pauyH 2 (p =.577, p = .000), c 6040BMMa OCTBAPEHUM TOKOM MpUjeMHOr ucnuta (p =.192, p =
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.010) u ca ykynHo ocsojeHnm ELITC 6ogosuma (p = .300, p = .003), a CTaTUCTUYKM 3HAYajHO
noBesaHu ¢ oujeHama u3 cbegehux npegmeta: UHbopmaTtuka 3a reogete 1 (p = .353, p =
.010) n UHdpopmatuka 1 (p =.333, p =.017).

YKynHo ocsojeHn ELITC 604,0BM BUCOKO CTAaTUCTUYKM 3HAYajHO Cy NOBE3aHW Ca OujeHama u3
cbepehux npeameta: MHbopmatuka 3a reogete 1 (p = .532, p = .004), MHPopmaTuKa 3a
reogete 2 (p =.712, p =.000), HaupTtHa reomeTpuja (p = .379, p = .007), /iuHeapHa anrebpa (p
= .533, p = .000), AudepeHumnjanHM U uHTerpanHu payyH 1 (p = .669, p = .001),
OvdepeHumnjanHu u nHTerpanHu padvyH 2 (p = .576, p = .010) n c 6oaoBMMa OCTBAPEHUM
TOKOM npujemHor ucnuta (p =.291, p =.004).

Tabena 2. [MoseszaHocm ECTS 60008a u 600084 0C80jeHUX MOKOM CPEOHOWKO/CKO2 06pa308aH-a, MpujemMmHo2
ucrnuma u oujeHa u3 nojeduHuUx npeomema

bonosu bonosu
Mpeamer OCBOjEHM.y OCBO-jEHM Ha YkynHu ECTS
cpenHoj npujeMHom 60n08M
LWKOMM ncnuty
MHpopmaTuka 3a reogerte 1 p .326" .353" .532™
p .018 .010 .004
N 52 52 28
MHdbopmaTuka 3a reopete 2 p .198 451" 712
p .187 .002 .000
N 46 46 24
NHbopmaTuka 1 p .183 .333" .298
p .199 .017 .139
N 51 51 26
MHpopmaTuka 2 p .363" 136 277
p 014 373 200
N 45 45 23
MaTtematuka y apxutektypul  p .291 425 .368
p .052 .004 101
N 45 45 21
MaTemaTuka y apxuTekTypu 2  p 3377 425" .335
p .036 .007 .161
N 39 39 19
HaupTtHa reomeTpuja p .068 312" .379™
p 511 .002 .007
N 96 96 50
NuneapHa anrebpa p .145 418" .533™
p .187 .000 .000
N 84 84 44
OundepeHumjaniu u uHTerpanHu p 197 .550"" .669™
payyH 1 p 211 .000 .001
N 42 42 21
OundepeHumjanHu U MHTerpanHu p .189 577 .576™
pauyH 2 p 276 .000 .010
N 35 35 19

*. Kopenauuja 3HavajHa Ha Husoy 0.05.
**, Kopenauuja 3HavajHa Ha HuBoy 0.01.
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Y Tabenn 3 npuKkasaHa je NOBE3aHOCT OLjeHa TOKOM CTyAuja U cpearbe LWKose u 6og08Ba
0CBOjeHMX TOKOM cpeatber obpasoBarba U NPUjeMHOr UcnuTa.

Tabena 3. [loge3aHOCM oujeHa MOKOM cmyouja u cpedre WKose u 600084 0c80jeHUX MOKOM cpedre2 06pa3oearba

u npujeMHoz ucnuma

boaosu bopgosu
Mpeamet Ipas. | llpas3. | lllpa3. | IVpa3. | cpegra npujeMmHu
WKoNa uenut

MHdopmaTuKa 3a reogete 1 P .250 244 .309" .210 327" .346"
P .052 .058 .015 .104 .017 .011

N 61 61 61 61 53 53

MHdpopmaTuKa 3a reogete 2 P 115 .076 .206 .281° .194 424"
P 418 .593 .143 .044 191 .003

N 52 52 52 52 47 47

NHbopmaTmKa 1 p 134 .100 .136 .086 .183 .333"
P .293 436 .287 .504 .199 .017

N 63 63 63 63 51 51

MHbopmaThKa 2 P 304" | 3327 252 .3857 .363" .136
P .024 .013 .064 .004 .014 .373

N 55 55 55 55 45 45

MaTemaTuKa y apxuteKTypu 1 P 3127 322" .180 .180 291 4257
P .008 .006 131 .130 .052 .004

N 72 72 72 72 45 45

MaTemaTrKa y apXuTeKkTypm 2 P 258" | .336™ 277" .203 .337° 425
P .049 .009 .034 123 .036 .007

N 59 59 59 59 39 39

HaupTtHa reomeTtpuja P .023 .017 132 219" .068 294"
P .810 .860 .164 .020 .509 .003

N 112 112 112 112 97 97

JNHeapHa anrebpa P .143 .077 .079 .206" .146 428"
P .168 .460 446 .047 .181 .000

N 94 94 94 94 85 85

[ndepeHumnjanHm n nuterpanin  p .049 .089 .250 .238 .206 561"
pauyH 1 P 742 .552 .090 .107 .186 .000
N 47 47 47 47 43 43

[OndepeHumnjanin v nnterpankm  p .095 .156 177 .208 .176 537"
pauyH 2 P .570 .348 .289 .209 .305 .001
N 38 38 38 38 36 36

*. Kopenaumja 3HavajHa Ha Husoy 0.05.

**_ Kopenauuja 3HavajHa Ha HuBoy 0.01.

YTB8phHeHa je CTaTUCTUYKM 3HAYajHA NOBE3aHOCT yCnjexa y NPBOM paspeny cpefre LKose ca
oujeHama u3 cpeaehux npeamerta: MHoopmatuka 2 (p = .304, p = .024), MatemaTuka y
apxutekTypu 2 (p = .258, p = .049), a BUCOKO CTAaTUCTUYKM 3HAYajHa NOBE3aHOCT C OLjeHama u3
npeametra Matematuka y apxutektypu 1 (p =.312, p =.008).

Ycnjex y Apyrom paspegy cpenme LWKoae CTaTUCTMYKM 3HAYajHO je NoBe3aH ca oujeHama u3
npeameta MHpopmatuka 2 (p = .332, p = .013), a BUCOKO CTAaTUCTUYKM 3HAYajHO NOBE3aH ca
oujeHama u3 cwbeaehux npegmerta: Matematuka y apxutektypu 1 (p = .322, p = .006) un

MaTemaTuKa y apxutektypu 2 (p = .336, p = .009).
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Ycnjex y Tpehem paspeay cpearbe LWKOAE CTaTUCTUYKKM 3HAYajHO je MOoBe3aH ca oujeHama w3
cwvepehux npeamerta: MHPopmaTtuka 3a reogete 1 (p = .309, p = .015), MaTtemaTuKa y
apxutekTypu 2 (p =.277, p = .034).

CTaTUCTUYKM 3HaA4ajHa MOBE3aHOCT ycnjexa y YeTBPTOM paspeay cpefme LiKose MocToju ca
oujeHama u3 c/beaehux npeameta: MHbopmaTtuka 3a reogete 2 (p =.281, p = .044), JiuHeapHa
anrebpa (p =.206, p = .047) n HaupTtHa reomeTpuja (p = .219, p = .020), a BUCOKO CTAaTUCTUYKMU
3HayajHa NoBE3aHOCT NOCTOjM ca oujeHama U3 npeamerta MHpopmaTuka 2 (p =.385, p =.004).

Tectuparbem nosesaHocTu ECTS 1 604,08a 0CBOjeHVX TOKOM CPeaHbOLWKOICKOr 06pa3oBatba U

npujemHor ucnuta Ha Ctyamjckom nporpamy Apxumekmypa fobujeHa je BUCOKO CTaTUCTUYKK

3HayajHa nose3aHocT (p = .448, p = .001) 6040Ba OCTBApEHMX TOKOM CPeAHOLIKOACKOT

obpasoBatba M 6040Ba OCTBAPEHMX HA NpUjeMmHOM UcnuTy (Tabena 4).

Tabena 4. Mose3aHocm ECTS 600o0ea u 60008a oceojeHUX MOKOM cpedrez 06pa308aHba U NpujemMHo2 ucnuma Ha
cmyoujckom npozpamy Apxumekmypa

Boaosu ocsojeHn y
cpeaH0j WKoAn

boaosu ocBojeHN Ha
npujeMHOM UcnuTy

Bpoj ECTS 6oaoBa

boposu ocsojeHn y
cpeaH0j WKoam

bososu ocBojeHN Ha
npujeMHOM ncnuTy

Bpoj ECTS 6oa08Ba

T © Z T © Z T ©

N

1.000

55
448
.001
55
.027
.892
27

*x

448"
.001
55
1.000

55
-.098
.625

27

.027
.892
27
-.098
.625
27
1.000

27

*. Kopenauuja 3HavajHa Ha Husoy 0.05.
**_ Kopenaumja 3HauajHa Ha Husoy 0.01.

Ha Ctyaunjckom nporpamy MpahesuHapcmeo Huje aobujeHa CTaTUCTUYKM 3Ha4YajHa NoBe3aHOCT

60[],033 OCTBapeHuUX TOKOM cCpeaHOLWKONACKOor o6pasoBa|-ba n 60,u,03a OCTBapeHUX Ha

npujemHom mcnuty (tabena 5).

Tabena 5. Mose3aHocm ECTS 6000ea u 60008a oceojeHUX MOKOM cpedHe2 06pa308aHba U NpujemMHo2 ucnuma Ha
cmyodujckom npoepamy pahesuHapcmeo

Boaosu ocBojeHn y
cpeaH0j WKoaun

boaosu ocBojeHN Ha
npujeMHOM UcnuTy

Bpoj ECTS 6oaoBa

boposu ocsojeHn y
cpeAHOj WKoam

bososu ocBojeHN Ha
npujeMHoOM ncnuTy

Bpoj ECTS 6oa08Ba

T © Z T © Z T ©

N

1.000

63
129
312

63
.098
.580

34

129
312
63
1.000

63
.309
.075

34

.098
.580
34
.309
.075
34
1.000

34

*. Kopenauuja 3HavajHa Ha Husoy 0.05.
**_ Kopenauuja 3HauajHa Ha Husoy 0.01.
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[obuvjeHa je BMCOKO CTAaTUCTMYKM 3HayajHa nosesaHocT (p = .435, p = .009) 6opoBa
OCTBapeHUX TOKOM npujeMHor ucnmuta u ocsojeHux ELITC 6oaoBa TOKOM LWIKO/MOBakba Ha
Ctypujckom nporpamy leodesuja (Tabena 6).

Tabena 6. Mose3aHocm ECTS 60008a u 60008a oc8ojeHux MoKom cpedre2 06pa308arba U npujemMHo2 ucnuma Ha
cmyoujckom npoepamy pahesuHapcmeo

boposu ocBojeHny | Boaosu ocBojeHU Ha Bpoj ECTS 6ozoBa
cpearb0j LWKon NpUjeMmHOM UCNUTy
boposu ocBojeHn y p 1.000 113 .324
CpearbOj WKoM p . .379 .058
N 63 63 35
Bonosu ocBojeHu Ha p .113 1.000 435%*
npUjeMmHOM ncnnTy p .379 . .009
N 63 63 35
Bpoj ECTS 6oaoBa p 324 A35%* 1.000
p .058 .009
N 35 35 35

*. Kopenauuja 3HauajHa Ha HuBoy 0.05.
**_ Kopenauuja 3HavajHa Ha Husoy 0.01.

5. 3AK/bYYAK

UcTpaxkmBare Koje je NpMKasaHo y OBOM pady npeacTaB/ba NpPaKTUYHy npumjeHy EDM-a, ¢
OCHOBHMM UW/bem Ja ce omoryhu eduKacHa M KBanUTETHa MNoAPLIKA MEHALIMEHTY
BMCOKOLUIKO/ICKMX MHCTUTYLMja 33 [OOHOWeHe ofayKa y uuby nobosbluakba HacTaBHOr
npoueca. MpMmjeHOM CTaTUCTUYKMX aHanu3a u data mininga Ha nogaTtke o ycnjexy cTyaeHaTta
OCHOBHWX aKaAeMCKUX cTyauja (KOMMoOHeHTe ycnjexa cy yKynaH 6poj octeapeHux ECTS
6040Ba M oujeHe M3 HasuuyHUX npeameTa) yTBPHMBAHO je MOCTOjatbe MOBE3AHOCTM Ca
YCMNjexom y cpenHb0j LKON U YyCNjEXOM Ha NPUjEMHOM UCNUTY. Y30paK 3a UCTPaXKMBakbe YNHU
248 cTtypeHaTa ApXMTEKTOHCKO-rpaheBUHCKO-reogeTckor dakynteta YHuBep3uTeta y baroj

Nyun.

Y1BpheHa je CcTaTUCTMYKKM 3HayajHa nose3aHocT u3mely oujeHa w3 BehuHe 6a3NYHKUX
npegmeTta (NPBEHCTBEHO MaTeMaTUUKMX) U ychjexa Ha npujemMHom ucnuTy. OBa 3aKOHUTOCT
MoXKe O6UTM OCHOBHM MapameTap npeasuharba ycnjexa CTyaeHaTa Ha OCHOBY pe3ynTaTta
npujeMHoOr ucnuTa — ako je KaHaMaaTt ocTBapuo npeko 40 6o40Ba Ha MPUJEMHOM UCMIIUTY,
MOMKe ce o4yekmBaTu Aa he nonoxKutn 6asnyHe NnpeameTe Ha NPBOj FOAMHM CTyAM]a.

UcTpaxknsarem je yTBphHeHa cTaTUCTUUKM 3HAYajHa noBe3aHoCT u3mehy oujeHa M3 nojeanuHux
6a3nyHUX npegmeTa (NPBEHCTBEHO MHGOPMATUUKKX) M yChjexa y Cpearoj WwKonu. Moxe ce
3aK/byunTM aa he cTyAeHTM Koju cy M3ydaBainm MHPOPMATUKY Y CPenHOj WKoAW 6Utu
ycnjelwHun y nofarakby Mcnmuta ns MHGopmaTUUYKUX NpeameTa Ha NPBOj rogMHuU cTyamja.

AHanusMparbem NOBE3aHOCTU ychjexa TOKOM CTyAMmja WM ycnjexa no paspegumma cpefrbe
WKoNe, yTBPHEHO je Aa Ha ycnjex TOKOM CTyAMja HajBULLE yTUYe yCrjex OCTBAPEH Y YETBPTOM
pa3speay cpegtbe LWKoe.

Ha ocHoBY cnpoBeaeHor UCTpaXKnBara, NPMMjEHOM CTaTUCTUMYKKUX anaTa n EDM-a moryhe je
Ca BE/IMKOM curypHolwhy npeasuajetv ycnjex CTyAeHaTa OCHOBHWMX aKaZeMCKUX CTyamja Ha
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OCHOBY ycCMjexa OCTBApeHOr y CpearbOj WKOAW M Ha NpujemHoM mucnuty. Ha ocHoBy oBor
MoAena, MeHalMeHT BUCOKOLIKOJICKE YCTaHOBe moKe aa npeasuha v naaHupa KpeTake
CTyAeHaTa Mo roguvHama ctyamja (Hnp. npoujeHa Konuko he cTyaeHaTa HanpegoBatv —
ynucaTtu HapeaHy roguHy, a Koauko ctyaeHarta he o6HoBuTH roamHy). Mpeasuharbe ycnjexa
CTyAeHaTa je 3HayajHO NPBEHCTBEHO Y UW/by NJaHMpakba aHra)KoBakba HACTaBHOr Kaapa, 3a
nspagy GMHaHCHMjCKOr NnaHa, MmaTepujasHa yaaraka u ch.
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NANOTEHNOLOGIJE U GRADEVINSKIM MATERIJALIMA

REZIME

Nanotehnologije su u stanju pruZiti velike mogucnosti u unapredivanju, prvenstveno termodinamickih i
mehanickih, osobina gradevinskih materijala, najcesé¢e betona i betonskih konstrukcija. Nanomaterijali
poboljsavaju odrzivost, izdrZljivost, ali i neka druga svojstva kao Sto je, npr., mogucnost samociséenja.
Naucna istrazivanja nanostruktura su u stalnom porastu, pruzajuci nova saznanja o potencijalu njihove
primjene u gradivinarstvu, Cime se otvaraju mnogobrojne moguénosti u poboljsanju karakteristika, ali i
smanjenju troskova proizvodnje i ugradnje gradevinskih materijala. Ovaj rad ¢e dati pregled nekih
osnovnih definicija nanotehnologija i karakterizacije nanostruktura, kao i nanoaditiva koji su danas
najznacajniji u unapredenju gradevinskih (betonskih) proizvoda.

Kljucne rijeci: nanotehnologije, nanomaterijali, beton, cement

NANOTECHNOLOGIES IN BUILDING MATERIALS

ABSTRACT

Nanotechnologies are capable of giving great possibilities in improving mostly thermodynamical and
mechanical properties of civil engineering materials, primarily concrete constructions. Nano-materials
improve sustainability, durability and some other properties, such as the possibility of self-cleaning.

The scientific research on nanostructures is on a permanent boosting, providing new cognition on the
potential of their application in civil engineering, which opens many possibilities in improving
characteristics and reducing costs in the production and installation of materials. This paper will give a
review of a general definition of nanotechnologies, their characterization and nano-additives which are
today most significant in improving civil engineering (concrete) materials.

Keywords: nanotechnology, nanomaterials, concrete, cement
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1. UVOD

Nanotehnologiju danas mozemo definisati preko vise definicija. U pocetku razvoja tehnike i
tehnologije na nanonivou, ona se smatrala za oblast nauke i tehnologije u kojoj presudnu
ulogu imaju dimenzija i tolerancija u intervalu od 0,1 do 100 nm [1], a danas je prihvaéena
definicija da je nanotehnologija tehnika funkcionalnih sistema na molekularnom nivou [2]. U
sustini, naucnici se nanotehnologijim bave odavno, narocito hemicari, ali danas je
nanotehnologija multidisciplinarna u pravom smislu te rijeci. Osim hemijskih inZenjera, njome
se bave fizicari, biolozi, medicinari, ali i mnogi drugi, posebno iz tehnickih disciplina,
neophodnih zbog potencijalne primjene.

Nanomaterijali ili sistemi na nanodimenzionom nivou mogu se nalaziti u raznim strukturnim
oblicima. Osnovna podjela ovih materijala vrsi se na osnovu dimenzija karakteristi¢nih za
ogranienje stepena slobode kretanja (kvazi)Cestica koje se u posmatranih nanostruktura
javljaju (najcesce elektrona, ali i fotona — kvanata mehani¢kog oscilovanja, eksitona —
kulonovski vezanih stanja elektrona i Supljina, i drugih). Tako, na primjer, izduZeni oblik
nanostukture u obliku Zica ili gredica nazivamo 1D (jednodimenzioni) nanomaterijal, jer se
(kvazi)Cestice u njima ,nesmetano” krecu samo duz jedne karakteristicne dimenzije, dok je
kretanje duz druga dva pravca potpuno ograni¢eno ili konfinirano — diskretno ograniceno.
Rije¢ ,nesmetano” smo namjerno stavili u znake navoda, jer apsolutno neometan oblik
kretanja (kvazi)Cestica unutar nanostruktura postoji samo u superprovodnim materijalima, o
¢emu svakako ovdje nije rije¢. Nanostrukture koje imaju oblik tankih ili ultratankih filmova
nazivaju se i 2D nanomaterijali, jer se sloboda kretanja (kvazi)Cestica vrSi u dve nezavisne
dimenzije (npr. duZ x i y pravaca), dok je duZ tre¢e ose (z) kretanje ograni¢eno (viSe o
ultratankim filmovima i diskretnosti stanja i energija u njima pogledati npr. u [3-5]). Na kraju,
nanocestice predstavljaju kvantne Cestice ili OD nanomaterijale Cija je konfiniranost prisutna
duzZ sve tri ose pravouglog koordinatnog sistema.

Nanomaterijali se fabrikuju na dva osnovna i dijametralno suprotna nacina: ,top-down” i
,bottom up”. Prvi nacin (,odozgo prema dolje“) koristi metode koje ukljuCuju usitnjavanje
(mljevenje) makroskopskih materijala sve do nanodimenzija. Drugi nacin (,odozdo prema
gore”), koji se naziva i molekulska nanotehnologija, podrazumijeva proizvodnju (slaganje ili
pakovanje) nanomaterijala od osnovnih konstituenata — molekula ili atoma. Ovo slaganje vrse
asembleri — hipoteticke masine koje su u stanju da proizvode nanomaterijale na ovaj
specifican nacin. lako se veliki broj modernih tehnologija oslanja i dalje na ,top-down”
pristup, Cini se da je molekulska nanotehnologija ipak ta od koje se mnogo vise ocekuje i koja
bi trebala da da nove pristupe u elektronici, medicini, energetskom sektoru, bioinZenjeringu,
informacionim tehnologijama, vojnoj industriji itd.

Karakterizacija nanomaterijala zahtijeva mjerenje, odnosno odredivanje njegovih fizickih,
hemijskih i mehanickih svojstava. Za ovo su razvijene mnoge metode koje imaju visoku
prostornu rezoluciju. Prve primjene nanotehnologije u nauci o materijalima bazirale su se na
mjerenju mehanickih osobina, metodama nano-utiskivanja ili triboloskim metodama (metode
koje mjere koeficijent trenja prilikom ,grebanja“ po povrsini). Revoluciju u metodama
karakterizacije nanomaterijala su donijeli elektronski mikroskopi. AFM (Atomic Force
Microscope) ili mikroskop atomske sile donio je ne samo prednost u karakterizaciji
nanomaterijala, veé¢ i u molekulskoj nanotehnologiji, jer je AMF omogucio i manipulaciju
molekulima, tj. njihovo pomjeranje u Zeljenom pravcu i/ili postavljenje u Zeljenu poziciju, $to
je znacilo da se pomocéu AFM ostvarila i ,bottom-up” primjena. Medutim, postoje metode
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karakterizacije nanostruktura koje ukljucuju i druge nacine, poput rasijanja neutrona ili X-
zradenja, ali i razne spektroskopije. Metode, koje ukljucuju rasijanje Cestica ili svjetlosti (x-
zraka) na nanostrukturama, zasnivaju se na cinjenici da, prilikom sudara Cestica (fermiona) ili
fotona na nanostrukturama, rasijane cestice ili fotoni nose sa sobom informaciju o meti s
kojom su se sudarili. Ovo je utemeljeno na kvantnoj prirodi Cestica i ima opravdanje u hipotezi
De Brolja, po kojoj sve Cestice imaju i talasnu prirodu. Upravo na taj nacin moZe se objasniti i
zasto sudari ,nose” informaciju o meti sudara. Za karakterizaciju nanostruktura u
gradevinskim materijalima narocito korisne mogu biti i nuklearne metode, poput NMR
(nuklearne magnetne rezonance), cija prostorna rezolucija dostize veli¢inu nukleusa
(protona).

2. NANOINZENJERING GRADEVINSKIH MATERIJALA

Gradevinski materijali kojima se dodaju odabrani nanostrukturirani materijali znatno
poboljsavaju svoje fizicke karakteristike, pa se nanoinzenjering ili nanomodifikovanje
gradevinskih materijala danas veoma ubrzano razvija. Jedan od najznacdajnijih materijala u
gradevinarstvu jeste cement, pa se u tom pravcu razvijaju razliciti aditivi, poput
superplasti¢nih Cestica, nanocestica ili nanoojacivaca, koji se dodaju cementu. Oni se mogu
primijeniti u pripremi betona kod cementa u ¢vrstoj, kao i u te¢noj fazi, na grani¢nim povrsima
izmedu Cvrstih i te¢nih faza, ili granicama izmedu Cvrstih faza [6]. Postoje od ranije razvijene
metode kojima su neke fizicko-hemijske karakteristike betona poboljSane, kao npr. tacka
mrznjenja betona. Medutim, ovdje ¢emo se primarno baviti pregledom poboljsanja
mehanickih osobina gradevinskih materijala.

U keramikama su nanocestice dodavane jos u doba Rimljana (jedan od napoznatijih primjera
je Likurgusov pehar, koji zbog nanocestica mijenja boju svjetlosti kada je osvijetljen izvana ili
iznutra). Medutim, ¢ini se da su nanocestice u ovim proizvodima zavrsile viSe slu¢ajno nego
Sto je to bilo kontrolisano. Cilj nanotehnologija je ipak kontrolisano i svjesno dodavanje
nanostruktura u finalne proizvode, tj. u toku proizvodnog procesa.

Dodavanje nanocestica SiO, u beton rezultovalo je poveéanjem njegove cvrstoce i ovo
povecanje je znatno vece od Cvrstoce koju bi beton imao kada bismo dodavali makroskopski
(ili bulk) SiO, [7]. Na slici 1 prikazana je ¢vrstoc¢a nakon 7 i nakon 28 dana od kada se u beton
dodaju razli¢ite koncentracije nanocestica SiO; (na slici oznaceno sa NS) u poredenju sa onima
kada se u beton dodaju razli¢ite koncentracije ¢estica nanoZeljeza (NF) i makroskopski SiO>
(SF). NanoZeljezo (Fe;03), osim Sto povedava ¢vrstinu betona (slika 1) — mijenja i vrijednost
zapreminske otpornosti materijala u zavisnosti od primijenjene sile optereéenja. U tom
slucaju beton ojac¢an nanoZeljezom moZe samostalno da odmijeri, tj. da ,0sjeti“ primijenjeno
opterecenje, u slucaju da su na takve betonske konstrukcije postavljeni odredeni senzori koji
mjere otpornost u realnom vremenu i na datim mjestima.
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Slika 1. Kompresiona cvrstoca cementnog maltera nakon 7 i 28 dana pri razli¢itim koncentracijama nano-SiO: (NS),
razlicitim koncentracijama nanoZeljeza (NF) i s 15% udjela makroskopskog (bulk) SiO: (slika prikazana iz [7])

Objasnjenje zasto nanocestice tako znacajno pojacaju ¢vrstinu betona leZi u velikom odnosu
povrsine u odnosu na zapreminu kod nanocestica u poredenju sa istim odnosom kod
makroskopskih Cestica. Ova Cinjenica nanocestice Cini superiorno hemijski reaktivnijim i zbog
toga one lakse stupaju i u hemijske reakcije prilikom ocvri¢avanja betona. Osim nano-SiO,,
postoje mnogobrojna istrazivanja sa dodavanjem i drugh nanocestica: nano-TiO,,
nanoalumine (Al,03) i nanogline [8-10]. Na primjer, nanocestice TiO, pokazale su se kao
veoma efektivne u procesima samociS¢enja, ali i u procesima fotokataliticke degradacije
razli¢itih zagadivaca kao $to su No,, CO, hlorofenola i aldehida (zagadivaci koji poticu iz vozila
sa motorima sa unutrasnjim sagorijevanjem ili industrijskih postrojenja) [11]. Naime, ove
nanocestice ulaze veoma lako u hemijske reakcije sa ovim zagadivafima i vezu ih na sebe i
prilikom atmosferskih padavina skidaju sa fasada ili puteva u kojima su ugradeni. Interesantno
je da su ove nanocestice ve¢ ugradene na fasadama pojedinih zgrada u Evropi i Japanu, a
jedna mala dionica puta izvan Milana je asfaltirana uz koristenje ovih nanocestica kao
na kompresionu c¢vrstinu, kao ¢vrstinu kod savijanja, ali i povecavaju otpornost na abrazivno
habanje [12].

Posebno interesantno je ojacavanje betonskih konstrukcija dodavanjem 1D nanostruktura u
gradevinske materijale na bazi cementa. Ovdje su iskoristena ugljenicna nanovlakna, a
posebno ugljenicne nanotube [13]. Ove posljednje su se pokazale kao nanostrukture sa
znacajno boljim fizickim karateristikama u odnosu na neke makroskopske materijale koji su
smatrani veoma Cvrstim materijalima (poput celika). Na primjer, njihov modul elasti¢nosti je
reda veli¢ine TPa, dok je njihova ¢vrstoéa na izvlaéenje reda veli¢ine GPa. Osim veoma dobrih
mehanickih osobina, ugljenicne nanotube pokazuju i izuzetne hemijske i elektronske osobine.
One se mogu pojaviti u dvije morfoloske forme [14] — kao jednozidne (SWCNT — Single Wall
Carbon Nanotube) ili visezidne (MWCNT — Multi Wall Carbon Nanotube), slika 2.

Ojacavanje betona, tj. povecanje njegove Cvrstoée, za sobom povlaci problem povecéanja
njegove krtosti i smanjenje elasti¢nosti. U tom smislu je i bilo za ofekivanje da koristenje
SWCNT ili MWCNT moZe znacajno povecati Cvrstinu, ali i elasticnost betona. Medutim, izazovi
upotrebe ovih nanostruktura u betonu su u njihovoj pravilnoj disperziji u cementnoj smjesi,
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kako radi velike hidrofobnosti, tako i zbog velike medusobne privliacne sile — koja ove
nanostrukture aglomerise (ili formira klastere). Uz sve to postoji i ne tako beznacajan problem
— i dalje visoka cijena ovih nanostruktura. Jednim dijelom ovaj problem se pokusava rijesiti s
ugljeni¢nim nanovlaknima (CNF — Carbon Nano Fibers). Proizvodnja ovih struktura je relativno
jeftinija, jer se dobijaju hemijskom kondenzacijom iz gasne faze (CVD — Chemical Vapor
Deposition), ali su ova vlakna znatno krupnija (dijametar CNF nerijetko prelazi i nekoliko um —
Sto znaci da ovdje ne moZemo ni govoriti o upotrebi nanotehnologije, jer je ona u domenu
mikrotehnologija). Cesto njihov oblik gubi pravilnu koncentriénu strukturu, a postoji i veliki
broj defekata. Sve ovo rezultuje ¢injenicama da su fizicke, a narocito mehanicke osobine CNF
dosta slabije u poredenju sa nanotubama — ali ojacanje betona i sa ovakvim CNF je znatno
bolje u predenju sa obi¢nim (nedopiranim) betonom. Posljednja istraZivanja pokazuju da se
upotrebom malih kolicina CNT ili CNF mozZe uspjesnije povecati elasti¢nost betona bez gubitka
njegove ¢vrstoce [15].
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Slika 2. Prikaz: A — jednozidne i B — viSezidne (ovdje prikazane dvozidne) nanotube. (slika preuzeta iz [14])

Posljednjih godina najviSe istrazivana 2D nanostruktura jeste grafen. Ona predstavlja
monosloj ugljenikovih atoma, poredanih u jednoj ravni i u formi pcelinjeg saca. Grafen
zapravo Cini gradivni element za sve SWCNT i MWCNT, ali i druge nanostrukture, poput
fulerena — velikog molekula sacinjenog od ugljenikovih atoma u obliku koji veoma podsjeca na
fudbalsku loptu (najznacajniji fuleren je molekul Cg). Na primjer, SWCNT ¢emo dobiti ako
grafen ,,urolamo” ili savijemo u tubu, cijev. Naravno, postoji odreden (i konacan) stepen
slobode na koji nacin ¢emo da vrsimo ,rolovanje” grafena, jer se u konacnom stanju molekuli
ugljenika moraju ,sloziti“ u pravilnu formu i sa minimumom potencijalne energije, kako bi
dobijena nanostruktura bila stabilna. Upravo ovaj konacan broj nacina ,rolanja“ grafena u
SWCNT daje i Sirok dijapazon fizickih osobina (uglavhom elektronskih) kod nanotuba.
Dodavanje grafen-oksida kao ojacavajucih nanostruktura u beton istrazeno je u radovima [16—
18], a na slici 3 su prikazane mehanicke karakteristike obicnog cementa (OPC — Ordinary
Portland cement) u poredenju sa grafen-oksidom ojacanim cementom (GO-OPC). Vidljivo je
poboljsanje ¢vrstoce na kompresiju od 46%.
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Slika 3. Mehanicke karakteristike obcnog cementa (OPC) i grafen-oksidom ojacanog cementa (GO-OPC) [18]

3. ZAKLJUCAK

U radu je dat opsti pregled nanomaterijala, kako po njihovim dimenzionim karakteristikama u
pogledu konfiniranosti kretanja (kvazi)Cestica u njima, tako i po nacinu njihovog fabrikovanja
—na ,top down” i, bottom up” pristup. Karakterizacija nanomaterijala obuhvata elektronsku
mikroskopiju (jer je opticka sa vidljivom svjetlos¢u i X-zracima ili isuvise ,gruba“ ili nema
dovoljnu rezoluciju za posmatranje objekata na nanonivou), difrakcione, spektroskopke
metode, kao i nuklearnu magnetnu rezonancu. AFM mikrosopija se vise koristi u
karakterizaciji gradevinskih materijala, jer su oni mahom dielektric¢ni (tj. elektri¢no slabo ili
potpuno neprovodni materijali), pa se ostale mikroskopske metode koje koriste tunel-efekat
ne mogu koristiti (osim ako se posmatrana povrSina ne napari nekim metalom i nacini
elektricno provodnom).

Ideja koristenja nanostruktura u gradevinskim materijalima, sacinjenih prvenstveno od
cementa — betona i betonskih konstrukcija, dolazi od potrebe da se ovi proizvodi nacine Sto
¢vrséim, ali i elasti¢nijim. U radu je dat pregled nekih rezultata mehanickih svojstava betona
dopiranih nano-SiO,, nanoZeljezom, nano-TiO,, nanoaluminom (Al,O3) i nanoglinom. Svi oni
povecavaju mehanicku ¢vrsto¢u betona, dok nano-TiO, omogudava i svojstva samociséenja,
ukoliko su ove nanocestice primijenjene u povrSinskom sloju betona ili asfalta. Posebno je dat
uticaj dopiranja betona ugljeni¢nim nanotubama (SWCNT i MWCNT), kao i ugljeni¢nim
nanovlakanima (CNF), na koji nadin se povecavaju i elasticne osobine betona. Dopiranje
cementa grafenom, koji predstavlja osnovni gradivni element svih karbonskih nanostruktura,
poseban je predmet naucnih istrazivanja, koja pokazuju znacajno povecanje neophodnih
mehanickih osobina.

Problemi (ne)ravnomjerne raspodjele nanostruktura u betonskim proizvodima, njihove
pravilne i unaprijed planirane primjene odredenih koncentracija radi efikasne upotrebe i
maksimalnog pojacanja potrebnih mehani¢kih osobina, zatim ekonomska opravdanost
njihovog koriStenja, ali posebno i pitanja biohazarda i toksi¢nosti dopiranih materijala i
(ne)mogucénost njihovog adekvatnog recikliranja, ostaju prioritetni predmet daljih istrazivanja
iz ove oblasti.

Zahvalnost: Istrazivanje u ovom radu je djelimicno pomoglo Ministarstvo nauka i tehnologije
u Vladi Republike Srpske, Sekretarijat za nauku i tehnoloski razvoj AP Vojvodine (projekat 142-
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451-2413/2018-03) i Ministarsvo prosvete, nauke i tehnoloskog razvoja Republike Srbije
(projekti O1-171039 i TR-34019).
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ABSTRACT

Turbo roundabouts are a relatively new type of roundabouts, designed to increase the capacity and
safety of single-lane and double-lane roundabouts. Turbo roundabouts consist of elements that are
characteristical for classic roundabouts and new elements that occur exclusively in this kind of
roundabouts. In this paper the basic concept of a turbo roundabout is presented with an emphasis on
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1. YBO/

MpumjeHa KPYXHUX PACKPCHMUA Yy nNoC/beare Bpujeme je Benuka. Pasnor Tome je
jenHOCTaBaH KOHLENT pacKpCHWULE M nosuTuBaH edeKaT Ha opBujarbe caobpahaja wm
caobpahajHy cUrypHOCT. Y KpyXXHMM pPacKpCHULAaMa je jacHo aeduHUCaHO NPaBo MPBEHCTBA
(BO3a4 y Kpy»KHOM TOKY MMa NPeaHOCT HafZ BO3MJIOM Ha ynasy Y KPYKHY packpcHuuy), Yyume
ce nobosbllaBa NPOTOK (CMmakbyje Bpujeme YeKarba) Y OAHOCY Ha KNacUMYHE PacKpCHUUE y
Husoy [1].

Kpy»KHe pacKkpcHuue ce npema 6pojy KpyKHUX BO3HUX TPaKa mory nogujenuTtu Ha [1]:
= jegHOTpaudHe,

=  [BOTPayHe,

= BULWeETpaYyHE U

="  TypbO KPY)KHE pacKpcHULe.

Typ60o KpyKHe packpcHuue (TKP) cy HOBa BPCTa KPYXKHUX PacKpCHULA, HacTana y XonaHauju,
Kao pjewerbe 3a npeontepeheHe M HEL0BO/LHO CUTYPHE jeiHOTPAYHeE U ABOTPAYHE KPYXKHe
packpcHuue. Typbo KpyKHe packpcHULE MMajy cnvpasaH TOK BO3HUX TPaKa, Koje cy oABOojeHe
CNUPASHOM XOPW3OHTA/SIHOM CUrHanM3aumjom U GU3UMYKM  pas3fBOjeHe  HaABULLEHEM.
HbMXOBOM KOHCTPYKLMjOM CMarbeH je 6poj KOHPAMKTHMX Tayaka y OAHOCY Ha KAaCUYHY
ABOTPaYHy KPYXKHY pacKpcHuLy v nosehaH KanauuTeT Yy O4HOCY Ha KAAaCUYHY jeAHOTPaYHy U
OBOTPaYHy KPYXKHY packpcHuuy [1].

Uun/b paga je patv yBua, y OCHOBHM KOHUENT TYpbOo KPyrKHE PAaCKPCHULLE, KAao PefiaTUBHO HOBE
BPCTE KPYXHUX PaCKPCHUL, @ aKLLEHaT je Ha eNeMEeHTMMA CUTYaLlMOHOr NaaHa U NOAYKHOT
npoduna TKP-e. Pag je 3acHOBaH Ha cMjepHMUAMa (TEXHUUYKMM YCNOBMMA) 32 NPOjEeKTOBaHbE
TypbO KpYyKHMX packpcHuua y CnoseHuju [2], Kao gpkasBu HGuBlwe Jyrocnasuje y Kojoj cy
HajBuLLE 3aCTyN/beHE U jeHOj 04 3emasba Koje ce Hafase y caMom BpXy no 6pojy nsseneHunx
Typb0O Kpy*KHMX packpcHuua. Mpema nogaumma 3 geuembpa 2018. rogmHe, CnoseHuja je Ha
Tpehem mjecTy Ha cBujeTy no 6pojy M3BeaeHMx TYPbO KPYKHUX packpcHuua (uctm 6poj, 12,
nmajy Hbemauka n Yewka Peny6auka); ucnpeg we cy XonaHanja n NMosbeka [3].

2. TYPBEO KPYXHE PACKPCHULIE

2.1. YOMNUWTEHO O TYPBO KPYXHUM PACKPCHULIAMA

Typb0 Kpy)KHE pacKpcHUue cy nocebaH TWUM KPYKHWUX PacKpcHMUA ca ABuje WAW BUle
cnuMpanHo pacnopeheHnx BO3HMX TPAKa Yy KPYKHOM TOKY, Ha Koje ce MPUK/bYyYyjy TpU uam
BUWeE Kpaka (camka 1), MMpaBWAHO ¢yHKUMOHUCake Typbo KpyKHE pacKpcHULe
nogpasymujeBa pacnojjesy Bo3uia y TpaKke 3a CBakM npasaly (Uw/b) npuje ynacka y
pacKpcHMLy.
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Cnuka 1. Tunu4aH usened mypbo KpyxcHe packpcHuye [2]

Typb0o KpyKHe packpcHuue je ocmucnmo 1996. rogmHe flambeptyc dopTymjH (Lambertus
Fortuijn) Ha TexHW4YKOM yHuBep3uTety y Xonawamju (Delft University of Technology), kKao
aNTEPHATMBHO pjellere 3a jeAHOTPayYHe, ABOTPAaYHE WM BULLETPAYHE KPYXKHE PaCKpCHULE

[4].

PaspBajatbe BO3WNa no Tpakama je o6e3bujeheHo M3AUTHYTMM  MBUYHALMMA —
OeNnnMHeaTopuma, Kojuma ce cnpevasajy npennutarba caobpahajHux TokoBa (NpomjeHa Bo3He
TPaKe) y KPY»KHOj PAaCKPCHULM.

[JaHac ce n3soge Typbo Kpy»KHe packpcHULE Ha ABa HaunHa [4]:

= ca genuHeatopuma (XonaHguja, ChoeeHuja, Mahapcka, MakegoHwuja, XpBaTcka) u

= 6e3 gennHeatopa (Hbemauka, Mosbeka, [laHcKa, Yelwuka).

[naBHe KapaKTepucTuKe Typbo KPYyKHUX packpcHMUa jecy (cauka 2) [5]:
=  TypbO KPY)KHA PACKPCHMLA MMa BULLE O, jeAHe TPaKe;
= npaBa Tpaka mopa 6uTu usabpaHa npuje ynacka y packpcHuuy;

= caobpahaj Ha ynasy mopa AaTtv npeaHocT caobpahajy y packKpPCHUUM, LWITO je orpaHuyeHo
Ha MaKCUMasHo ABuje Tpake;

= yHyTap packpcHuue Huje moryhe npenauTarbe 1 Npecujeuarse;

= PACKPCHMLA MOXKe BUTK HanywwTeHa camo Kpo3 NpeTxoaHo M3abpaHu nyT.

Cnuka 2. [nasHe Kapakmepucmuke myp6o KpyxHe packpcHuue [5]
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2.2. TUNONOTNIA TYPBO KPYXKHUX PACKPCHULA

MocToju cepam TMNOBA TYPOO KPYKHUX PACKPCHULA, Koje ce pasfiMKyjy no 6pojy NpUKbYYHMX
Kpaka, 6pojy Tpaka Ha HbMMa U KPYKHMM BO3HMM Tpakama Yy 3aBMCHOCTWM of pacnogjene
WHTeH3uTeTa caobpahaja [2].

Trunosu TypHO KPYKHUX PACKPCHULLA Ca YETUPM NPUK/bYYHA Kpaka [2]:

= CTaHZApPAHM,

= 0oBa/HM (jajonnKku),

=  KOJ/beHaCTW,

= CNupanHu,

= TypbuHa.

Tunosu Typb0 KPYsKHMX PACKPCHMULA Ca TPU NPUK/bYYHa Kpaka [2]:
" pacTerHyTta KosbeHacTa,

= 3BUje3aa.

Y 3aBUCHOCTM O BENMUYMHE, TYPOO KPYKHE pacKkpcHULe ce avjene Ha [2]:
= mane,

" cTaHgapaHe,

= cpearben

= Benuke,

KOje ce pas/iMKyjy no BeAnymHu napamerapa Typ6o 6s10Ka.
2.3. YCN0OBU CAOBPARAJHE BE3BJEAHOCTUN Y TYPBO KPYXKHUM PACKPCHUUAMA

2.3.1. CaobpahajHa 6e36jegHOCT MOTOPU30BAHMX YUECHUKA

lnaBHe npeaHocTU Typbo KpyKHE PACKPCHULE Yy OAHOCY HA ,00MYHY” ABOTPAYHY KPYKHY
PacKpCHMLY ca ABOTPAYHMUM YAMBMMA U U3MBUMA jecy [6]:

=  Mmarbk 6poj KOHGAMKTHUX Tayaka (cauKa 3),

=  CMambene bp3uHe,

" HM3aK pU3MK o4 6oYHMX cypapa.

Cnuka 3. KoHgnukmHe mavke Ha 080MPAYHOj KPYHCHOj PACKPCHUUU (nujeso) u cmaHoapdHoj TKP (decHo) [6]
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2.3.2. CaobpahajHa 6e36jeAHOCT HEMOTOPM3OBAHUX YUYECHUKA

360r BMCOKOr WMHTesuTeTa caobpahaja Ha Typbo KpyKHMM packpcHWUama, notpebHo je
nocebHy naxky TMNOCBETUTM HEMOTOPM3OBAHUM yyecHUUMMa Yy caobpahajy. Mpema
UCTPaXkKMBakbeMMa, BO3auu y Typbo KpPyKHOj PaCKPCHULM BO3e CMopuje Hero y ABOTPAYHO]
KPYKHOj PacKpCHULM, U TO cMarbersem 6p3unHe ca 48 km/h Ha 38 km/h [6]. Bp3vHa BOXHe
MMa BE/IMKM YTULAj HA CUIYPHOCT MOTOPM30BAHOr M HeMOTopuM3oBaHOr caobpahaja. Mpema
ncTpakmnBarbnma, cMarberbe 6p3mHe ca 50 km/h Ha 32 km/h cmarbyje BjepoBaTHohy cmpTH
njelaka NpUMAMKOM yaapa 3a oko 5 nyTa (camka 4) [7]. Y Typbo KpyKHUM pacKkpcHUUama ce
OCTBApYyjy NyHO Mmakbe 6p3uHe, Npu WMCTUM YHyTapawWUM MNOAYNPeYHULUMA, Hero vy
OBOTPAYHMM  KPYKHMM pacKpcHMUAma, Tj. nogjeAHake cy 6p3vHama y jesHOTpayHOM
KPY*XHOM TOKY (cnuKa 5).

Cnuka 4. Ymuyaj 6p3uHe Ha cmpmHocm njewaka [7]

Cnuka 5. O0HOC 6p3uHe u yHympawrse2 noaynpeyHuKka [5]

3. NJTAHUPAHRE U NPOJEKTOBAKE TYPBO KPYXKHUX PACKPCHUNLA

3.1. OCHOBHE NPETNOCTABKE N NMOTOAHOCTN TYPBO KPYXHE PACKPCHULIE

MpojeKTHO pjewere TYpbO Kpy)KHe packpcHuue mopa 6utu 6asmpaHo Ha caobpahajHo-
WHXXEHEPCKMM MojauMma, NpoCcTOpHUM MoryhHOCTUMa M cneuueUUYHMM  IOKANHUM
ycnosmma. Tun, BennumnHa M reomeTpuja Typbo Kpy»KHe packpcHuLe mopajy oarosapatu [2]:

=  cBojcTBMMA, PYHKUMjM 1 caobpahajHOM 3Hauajy MPUK/bYYHUX KpaKa,

"  NOTEHLMjaSIHOM MHTEH3UTETY U CMjepoBMMa caobpahajHunx TOKoBa,
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= 3axTjeBy 3a CMIypaH, MPOTOYaH M EKOHOMMWYAH pag, Bo3ua.

360r BMCOKOr MHTEH3UTEeTa caobpahaja, Koju ce cmaTpa jedHUM Of yc/l0oBa NpUMjeHe oBe
BpPCTE pacKpcHUUA, TYpbo KpyxHa packpcHuua je oarosapajyhe pjewere Ha BaHrpagacKum
pacKpCHMLAMA, raje ce oYeKyje HM3aK MHTEH3UTET KpeTama Mjellaka u buumMkancTa, Aok je y
rPaACKOM OKpYy)Kerby YC/oBHO oarosBapajyhe pjewere 36or Beher UWHTeH3uTeTa
HEMOTOPU30BAHMX YYeCHUKa y caobpahajy [8].

Typb0 Kpy:KHa pacKkpcHuMUa je oaroBapajyhe pjewerbe 3a peKoHCTPYKUMjy Kog, [2, 8]:

= npeonTepeheHUXx jeAHOTPAYHMX KPYKHUX PACKPCHWUUA, aKO HMUXOBE BeINYMHE
omoryhaBajy nssohere AofaTHE KPY)KHE Tpake Npema yHyTpa WM NocToju npocTop 3a
nssoheme jow jegHe KpyKHe TpaKe Ka crnoJsba,

= nocrojehux, caobpahajHo npeonTepeheHmx, 4BOTPAYHUX KPYKHUX PACKPCHULLA,
= nocTojehux, caobpahajHO HELOBO/LHO CUTYPHMX, ABOTPAYHUX KPYKHUX PACKPCHULA,

" KJAAaCMYHMX MOBPLIMHCKMX PacKpCHULA Ha Kojuma nocToju npeosnahyjyhu rnasHu
caobpahajHu cmjep ca BEAIMKUM MHTEH3UTETOM caobpahajHor Toka.

3.2. TEOMETPWICKN PACNOPE/ ENEMEHATA TYPBO KPYXHE PACKPCHULIE Y
CUTYAUNOHOM MNARHY

Typbo KpyKHe pacKpcHULE Cy cacTaB/beHe o cnupana, GoOpMUPaHNUX U3 KPYKHUX CErMmeHaTa,
roje ceakum nyk Mma Behu nosynpevyHuk og npeTxogHor. LleHTap nyKosa ce nomjepa, Kaga ce
MUjera BeMUMHA pagmjyca, Ay TPaHCAaTOpHe Oce, TaKo A KpUBa OCTaje KOHTUHyanHa. Ha
Taj HauMH, nomohy cucTema nykoBa Typ6o 6/10Ka, LpTajy ce IMHUje KPy*KHOT KooBo3a. [2].

3.2.1. WU3paga Typ60 6210Ka

FeomeTpujckn 06aMK TypbO KpyKHe pacKpCHULUE cacToju ce of, ABuje cnupane, Koje
npeacras/bajy meBmue nyta. CBaka cnupana ce cacToju of, YeTUpU MNOAYKpyra PasinNyumTUX
pagujyca R1, R2, R3 n R4. MNonyKpyrosu ce cacTajy Ha IMHWjM KOja ce 30Be 0Ca TpaHcaauuje.
JIlyKOBM Ha [eCHOj CTpaHM TpaHCAaTOpHe oce UMAjy UeHTap Cgesno, KOjU C€ HaNasn M3Hag
LEeHTPa Lje/IoKyNHe PacKpPCHULLE; IYKOBU HA /INjeBOj CTPaHU TPaHCNATOPHE OCe UMAjy LeHTap
Ciiievo, KOjU C€ HANA3M UCMOA, LEHTPA LjeNIoKynHe packpcHuue (cauvKa 6) [2].

CnuKa 6. Lilenmpu nykosa [8]

YaasbeHocT Mamehy LeHTapa /JiykoBa ce HasmMBa Nomak (shift) Ay TpaHcnaTopHe oce. Bias
JIYKa je yAa/beHOCT Of, HeroBor LeHTpa [0 LEeHTpa LjeNoKyNHe PacKpCHULUE, U To je, Jake,
NoJIoBMHA Nomaka (shift). Aa 6u cnupana 6una HenpekngHa, Nomak (shift) mopa 6uTK jegHak
npomjeHn nonynpeyHuKka. NpgeanHo, nomak (shift) je jegHa wWuMpUHA TpaKe, 3aTo WTO ce
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cnuMpana nomjepa BaH 3a jefHy LWIMPUHY Tpake Ha cBakux 180°. CKuua Koja npuKasyje ose
cnupane Hasmea ce "Typbo 610K" (camka 7) [2].

To je 610K MAM CKyn CBMX NOTPEOHMX MOMyNpeyHuKa Koje Tpeba Ha ogpeheH HaumH
33apOTUPATU M Ha Taj HAYMH AedUHUCATU TPajeKTOPUje KpeTarba AN BO3HE JIMHWje, O4HOCHO,
Tpake [8]. Mpumjep Typb6o 6/0Ka ca TPaHC/NATOPHOM OCOM 3a TypbO KpPYMKHY pPacKpcHULY
CTaHZapAHe BeNIMYMHE NPUKA3aH je Ha canum 7.

Cauka 7. lpumjep mypbo 6710Kka ca mpaHcaamopHOM 0com (cmaHAapoHa sesauvyuHa mypbo KpyxcHe packpcHuye) [2]

3.2.2. BenuuuHa nonynpeyHuKa Typ6o KpyKHe pacKPCHULE U LWWMPUHA TPaKa

BennumHy nonynpeyHuka Typbo KpyxKHe pacKPCHULE U LWWMPUHY KPYXKHOT KON0BO3a NoTpebHo
je n3abpatu Tako ga 6p3MHa BOXHE KPO3 packpcHuuy byae mara og 40 km/h. Ha temesby
MCKYCTBa M3 MHOCTPAHCTBA, Npenopydyje ce Aa ce Kao mMakcumanHa 6psuHa ycsoju 35 km/h
[2]. NoTpebHa wupuHa KosnoBo3a nosehaBa ce ca cmatberem noaynpevyHnka Ha Typbo
KPYXXHOj packpcHuuuM. LUupuHa KpyKHOr KONoBO3a je Yy OGYHKUMjM NoAynpedyHuka w
MjepofaBHor Bo3una. LLMpuHa KpyKHOr KonoBo3a mopa omoryhasat KpuTnyaH caobpahajHu
MaHeBap (no npaBuAy je To cKkpeTake 3a 2702) mjepoaaBHor Bo3mna. MjepoaaBHO BO3MAO je
06MYHO KaMMOH ca NONYNPUKOAMLOM, AyKUHe 16,5 m [2].

3.2.3. NonynpeyHuUuUU yNa3HUX U U3NA3HUX KPUBUHA

MonynpeyHnumM ynasHuMX U U3NasHUX KpuBMHa ce 6Mpajy y 3aBUCHOCTM 0F, BennumHe Typ6o
KPYKHE pPacKpCHULE, MjepofaBHOr BO3M/Ia U XKes/beHe bp3nHe BOXKHE KPo3 Typbo KpykKHY
pacKpcHULy. BennumHe nonynpevyHuKa yAasHUX M W3Na3HMX KPUBMHA Mopajy 6utn vy
oarosapajyhem opgHocy. MonynpeyHUK ynasHe KpuBMHE Mopa yBujeK 6UTM Marbu of
NnonynpeyHuKa wu3nasHe KpueuHe. [lONYNPEUYHMK yAasHe KpuBMHE Y Typbo KPYXKHY
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pacKpcHULy He bu Tpebano ga 6yse marwu of R,=12 m. MonynpeyHuK n3nasHe KPUBUHE He
6u Tpebano ga byae marwun og R=15 m HuTK Behu opf Hajseher MonynpevyHUKa KpyKHe
packpcHuue [2].

3.2.4. OppehuBamwe NonoxKaja LeHTapa KPYKHUX IYKOBa

MonorKaj LeHTapa NyKoBa Ha TPAHCNATOPHOj OCU 33aBUCU O, LUMPUHE KPYXKHOT KOJIOBO3a U
Nnono’Kaja nsunua.

MonynpeyHuum mopajy 61T n3abpaHu Tako ga ce npuankom dopmuparba CNMPasHOr TOKa
MBUYHE JINHUje NPUK/BbYYYjYy jeaHa Ha pgpyry. Mpuankom KOHCTpyKuuje Typbo 610Ka,
nonynpevyHunk R1 popmumpa ce M3 Tayaka Ha ygaseHoctu Dv, a nonynpeydunum R2, R3 n R4 u3
Tayaka Ha yaesbeHocT Du (BpujeaHOCTM Ha OCHOBY BeaMUYMHE TYPOO KpyXKHEe PacKpCHUUE).
TakBa KOHCTpyKuMja omoryhaBa pAa KpyXHuUa noaynpeyHuka R1 Ha jegHoj cTpaHu
TpaHcAaToOpHe oce npenasu y KPyXHUuy noaynpeydyHuka R2 Ha gpyroj cTpaHwW TpaHchaTopHe
oce. MICTo TaKo 1 KpyKHuMUa nonynpeyHuka R3 Ha jegHoj cTpaHu TpaHcaaTopHe oce npenasu y
KPYHULY NnoaynpeyHunka R4 Ha apyroj CTpaHW TpaHcnaTopHe oce [2].

3.2.5. MonoxKaj TpaHCNaTOpHe oce U NpoBjepa NosorKaja Typb6o 610Ka

3a npaBuiaH MONOXaAj TPaAHCAATOPHE OCe MjepogaBaH je MNOJoXAj TAHreHTHUX Tadvaka
NosiyNpeYyHMKa yiasHUX KpuBMHa (ciMKa 8). TaHreHTHe Tayke Ha 0ba Kpaja mopajy /fiexkaTn Ha
TPaAHCNATOPHOj OCM MAM MaNo U3a rbe. AKO OBaj YC/IOB HUje 3340BO/bEH, NOoTpebHo je Typbo
610K 3apOoTMpaTH TAaKO Aa Ce Taj YC/0B UCnyHu [2].

CnuKa 8. Hajno2o0Huju nosoxaj mpaHcaamopHe oce 4emeopoKpake mypbo KpyHcHe packpcHuye (cmaHoapoHa
senuyuHa TKP) [2]

Onwuc nposjepe nonoxaja Typbo 6s10kKa [8]:

= [posjepa 1: 3a nposjepy nonoxaja Typbo 610Ka notpebHo je bopmupaTtn aenje nomohHe
NIHWje Y NPOAYKETKY BakbCKMX MBMULA YNA3HO-MU313a3HOT XOPU3OHTA/IHOT U BEPTUKANHON
CMjepa M HaKOH Tora U3MjepuUTu yaa/beHocT o4 NnoMohHUX MnHKja (LpBeHa Tauka — IMHKja
Ha canum 8) Ao nonynpedHuKa Koju oapehyjy nonoskaj 30 cm WMPOKOr pasjenHor ocTpea
(nenvHeaTopa) Ha KPYKHOM K00BO3Yy (yAa/beHocT A U B Ha canum 8). YKOAMKO cy Te
yAa/beHOCTU jefHaKe, NOM0XKaj TPAHCNATOPHE OCe je UcrpasaH.
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= [posjepa 2: Kaga je nonoxkaj TpaHcnaTopHe oce Typb6o 610Ka oapeheH, usspwmn ce
nposjepa NPOBO3HE JIMHMje 32 CBE CMjepOBE BOXHe. YKO/IMKO Ce YCTaHOBM A3 je HeKa of,
IMHMja ,CNOMJ/beHa”, NoTpebHO je NPUCTYNUTU KOpeKLMju, 04HOCHO, NMOHOBHOj poTauuju
TpaHCNATOPHE oce.

3.2.6. KoHTpona nocturHyTe 6p3uHe

Mpuavkom nsbopa agMMeHsuja noaynpeyHunka Typbo KpykHe packpcHuue, 6p3nMHa nposasa
KPO3 KPY)KHY PacKpCcHULUY je jeAaH of, HajBaKHMjuMX daKTopa 3a nocTusambe caobpahajHe
curypHoctu [8].

CtBapHa 6p3MHa nponacka NyTHUYKMX BO3WJIA KPO3 TypbO KPYMKHY pacKkpcHuuy Tpeba 6umTtu
HWKa o4 40 km/h. MocturHyTa 6p3nHa y AyKy ce M3padyHasa M3 moandukosaHe bopmyne 3a
HajMarbM MONYMNPEYHMK NIyKa KOjU He 3aXTUjeBa KOHLEHTPUYAH NOMNpeYHn Harmb [2]:

vi

g+(f'+0,01+p)

€y

Rmin =

MocturHyTa 6p3unHa je oHaa:

v=/127 R (f' + 0,01 * p) @

raje je:
Rnin — HajMakbM NOAYNPEUYHMK lYKa KOjW He 3aXThjeBa KOHLEHTPMYaH nonpeyHmn Harnb (m),
V — nocTurHyTa 6p3unHa y ayky (km/h),
g — rpaBuTaumMoHo ybp3arbe (m/s?), g = 9,81 m/s?,
R — nonynpeyHuk KpyKHor nyta (m),
f'— koeduumjeHT nonpeyHor Tperba (-),

ycBaja ce: f'=0,26 3a 6p3uHe o 20 km/h,

f'=0,24 3a 6p3uHe og 20 km/h ao 35 km/h,

p — nonpeyHu Harunb (%),

yCBaja ce: HeraTvBHa BPUjeHOCT (-) 32 EKCLEHTPUYaH Harub,

NO3WUTMBHA BPUjeAHOCT (+) 33 KOLEHTPUYaH Harnb.

MonynpeyHnLM cBaKe Kpy»KHe Tpake Kpo3 Kojy nponale Bo3una fobujajy ce anpokcumavmjom
TpajekTopuje NpPojeKTHOr Bo3uia (KaMMOH ca nosynpukoauvuom 16,5 m) nomohy cuctema
O0B6MYHUX KPYKHUX NIYKOBa.

3.3. HATWB NYTA 1 OABOAHABAHE

MonpeyHn 1M NoAyYKHM HarMbu Ha KPY>KHOM KOIOBO3Y M NMPUK/bYYHUM Kpauuma obesbjehyjy
0£1BOA Y KOJI0BO3a U CUTYpPaH Npoaas Bo3una.

MonpeyHn Harnb KPYKHOT KOJI0BO3a Ce MOXKE MPOjeKTOBATM Kao eKCLEeHTPMYaH (ycmjepeH og,
LLeHTPA/IHOT OCTPBA), KOHLUEHTPUYaH (YyCMjepeH Ka LieHTpasiHOM OCTPBY) MAM MPOjeKToBaTtH
NOBPLWMHY LMjene packpcHUue y jeaHocTpaHom Haruby (cauka 9). MojeguHadHa pjewersa
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UMajy oapeheHe npegHOCTU U HepoOCTaTKe U M3bop oapeheHor pjeluera 3aBUCK 04 NOKATHUX
YC/1I0Ba U OrpaHuYera, Koje npojekTaHT mopa y3eTu y 063up [2].

MopyXHM Harmbu KpakoBa, KOjU Ce MPUK/bydyjy Ha PACKPCHULY, MOpPajy MMaTM TaKBe
BPMjeAHOCTN A3, Y CAy4vajy KOHTMHYA/IHOT Crajatba Ca KPYKHMUM TOKOM, HUWje MpeKkopayeHa
BPMjeAHOCT MONpeyYyHor Haruba KpyKHOr Konoso3a 3% npema Cno/ballkboj MBULMU
(ekcueHTpurYaH) 1 6% npema LeHTpY (KOHLEeHTpUYaH) Typbo Kpy*KHe packpcHuue [2].

Mpenas namehy noayKHor Harmba NPUK/bYYHUX KPaKoBa M NOMPEYHOr Harmba Kpy*KHOTr TOKa
Tpebano 6u aa byge rnagak, dopmupaH nomohy ymeTHyTOr IyKa. Y orpaHM4YeHMM yCI0BUMaA
KpaLuu ce Mory noBesaTu AMPEKTHO, TaKo Aa Pas/MKa y CynpoTHUM Harnbuma byae Hajsuwe
4%, n3yseTHo 5%. MoayKHM HarMb KpaKka Ha MjecTy ynasa 1 u3nasa He cmuje npekopaunTn 5%
(KOHTMHYaNHO NoBe3MBatkbe ca NoAYKHMM HarMbomM Kpy»KHOr Toka) [2].

3a rnaTky Besy ca NOAYKHUM HarMbmma NpPUK/bYYHWUX KPaKoBa, MOMPEYHU HArnb KpysHor
Kos0B03a ce moxe nosehatu. MpomjeHa nonpeyHor Harnba He cmuje 6uTK Beha of 2,5% Ha
Oy*uHKU og, 10 m (MjepeHo y ocu Bo3He Tpake) [2].

MaKcuMManHu Noay*>KHM Harmb Kpy»KHOr KON0BO3a Typbo KpyrKHE pacKpcHuue jecte 5%, A0K
pe3yntyjyhu Harnb KpyxKHoOr KosoBo3a mopa 6uTn Hajmarse 0,5%. OcHOBHUM NonpeyvyHn Harnb
KPY*KHOI KONoBO3a U3Hocu 2,5% [2].

CnuKa 9. [Monpey4Hu Ha2ub KpyxHoez Koao0eo3a [2]

3.4. YCNOBU NMPEMNEAHOCTU

Kao 1 Koa Apyrux BpcTa packpcHULa, U Kog Typbo KpyKHe pacKpCHULLE MOpajy Ce NoLwToBaTH
YCNOBW NpernegHocTy. YCAoBM NperieaHoCTU ce NpoLjerbyjy CIMYHO KAao M Ha pacKpcHMLLama
ca npecujeyarbem caobpahajHux cmpyja, npyu 4emy ce Mopa MoLTOBaTU AYKUHA 3aycTaBHe
npernegHocTtun Dz [2].

Ha ynasy y Typb0 Kpy»KHY packpCHULY Mopa 6UTK ocurypaH ycioB npernegHocti notpebaH 3a
O4/IYKY BO3aya fa /M Ja ce 3aycTasu uaum He (camka 10). Tayka nperneaHocTM Ha ynasy y
KPYXHM TOK ce Hanasun 15 m op cnosbawme uBMUE KPyKHOTF Konoso3a. [lyKunHa og 15 m
npeAcras/ba AYXKMHY 3aycTaBHe nperneaHocTv npu 6psuHu og 20—-25 km/h. Y Kpy»KHOM TOKy
mopa 6uUTK UCnyHeH YC/NOB 3ayCTaBHe MNpPernefHocTW, raje Bo3ay mMopa MMATU noraes Ha
BO3UNa ucnpes cebe y ayxuHu og, 25 m [2].
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Cnuka 10. Tpoyznosu npeznedHocmu (npumjep 3a TKP cmaHOapOHe senuyuHe, OyxuHa npeanedHocmu D,=x1 = 25m
3a vo =35 km/h) [2]

4. ENEMEHTU U ONPEMA TYPBO KPYXHE PACKPCHULIE

4.1. CNEUNDPUYHWN NPOJEKTHU ENEMEHTW TYPBO KPYXHE PACKPCHULE

JenuHeamop y TypboO KPYKHOj PACKPCHULM je OETOHCKM NpPearoToB/beH €/1eEMEHT KOju
cnpeyaBa (He WcK/bydyje) caobpahajHM maHeBap npenauTarba caobpahajHuMx TOKoBa Ha
KPY*XHOM KO/10BO3Yy TypbO KpyrKHe packpcHuue (cnvka 11) [8]. BucuHa aennHeaTopa U3Hag
HMBOa KO/10BO3a M3Hocn 5 cm [2].

Cnuka 11. lNpecjek denuHeamopa u demars uzsohera [2]

ToKom 3MMCKOr nepuvoaa ¢M3MYKO OfBajatbe Tpaka (menuvHeaTop) moxke 6utn cnabo
BMA/bUBO 360r cHujera. To MoXKe [0BecTM A0 npobiema NPUIMKOM OAp)KaBatba 3UMMMU
(3aBUCHO O TUNY TexHoNoOrWje oap:kasakba). M3 Tor passiora TOKOM 3MMCKE Ce30He KpajeBwu
OennMHeatopa Cy HarnaweHu naovama (cavka 12). Mnodve ce noctaB/bajy Ha NocebHo
obnunKkoBaHe npedabpukoBaHe BETOHCKE eleMeHTe y CKIaAy ca 3axTjeBMMa KOHTpo/ie nyTesa

[2].

Cnuka 12. [noya 30 Haenawasarse (nujeso) u npumejp us CaoseHuje (decHo) [2]
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Wnuya je ypehere noyeTka esemeHTa 3a cnpevyaBarbe caobpahajHor maHeBpa npennTara
caobpahajHux ToKoBa y TypbO KpPY»KHOj packpcHUuM (camka 13) [8]. Mosuuuja, anmeHsuje m
MaTepujan OBOr efiemeHTa Agjenyjy Kao npenpeka nponasy NyTHUYKMX ayTomobuna, LOK cy
npunaroheHn 3a nponas BeANKMX Bo3umna [2].

Cnuka 13. EnemeHm ,wnuye” [2]

4.2. UEHTPAJZIHO OCTPBO

LUeHTpanHo ocTpBO Typbo Kpy)KHE pPacKpCHWUUE cacToju ce oA ABa Aujena: HernpoxoaHor
Aunjena u ojayaHor npoxoAHor gujena (cavka 14) [2].

Cnuka 14. [lujenosu yeHmpanHo2 ocmpea mypbo KpyxcHe packpcHuue [2]

OjayaHun NPoxoAHM AMO LeHTPaHOT OCTpBa U3rpaheH je og maTepujana Uam enemeHata Koju
BO3aye obecxpabpyjy o4 BoxHe Mo wemy. U3rpaheH je y Harmby 4% — 7% y cmjepy oa,
LEeHTPaHOr OCTPBA Ca MaKCMMaHOM WKUPUHOM 2—2,5 m [2].

MocToje aBa TMNa ojayaHor (acdanTMpaHor) NPoXo4HOr AMjena ueHTpaaHor ocTpea (camKka 15)

[2]:

" C HENPOMMWjeHbEHOM LWWUPUHOM; MBMLA LLEHTPANHOI OCTPBA je MOMAaKHyTa 3a LWWUPUHY
OjayaHor Npo/iasa M MMa UCTM 06K Kao yHYTpallkba MBULA KPYXKHOT TOKa,

" C NPOMjEr>MBOM LUMPUHOM; LIEeHTPasIHO OCTPBO je KPYKHOr ob6sMKa, WupuHa ojayvaHor
NPOXOAHOT gMjena LLeHTPaIHOr OCTPBa je NpomjerbuBa.
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CnuKa 15. Oja4aHu nNpoxoOHU OUO UeHMpasHo2 0cmpea:
(a) HenpomujerbeHe wupuHe, (6) npomjerbuse wupuHe [2]

HenpoxofaH AMO LEHTpaHOr OCTPBA KOZ, TYpbO KpyKHE pacKkpCcHULE HemMa HUKaKaB 3Hayaj y
oasujarby caobpahaja v npeacTas/ba CyBULWAH NPOCTOP KOjU OCTaje ca yHyTpallke cTpaHe
KpY»KHe packpcHuue [2].

LleHTpanHo ocTpBO HMWje norofHo 3a GoHTaHe, CMOMEHUKe, CKYANType UKW apyre objeKTe.
MpojeKkTHO pjellere LEHTpPasHOr OcCTpBa (HenpoxogHor pAujena) je orpaHWYeHoO Ha
jeAHocTaBHe o06nuKe. HajnpuknagHuje pjewere je 3a noAapyyje LEHTpanHor ocTpBa
NPOjeKTOBATU NOBPLUMHY Y 06/IMKY KynoJie MOKPUBEHE CaMO TpaBHATOM BereTauujom [2].

4.3. PA3OJE/THA OCTPBA

PasajenHo 0OCTpPBO Ha MPUK/bYYHOM NyTy WMMa NO3UTMBAH YyTUuaj Ha 6e3bjegHocT
MOTOPM30BAHUX M HEMOTOPU3OBAHWUX Y4YeCHMKa Yy caobpahajy u nobosbliaBa NPOTOYHOCT
KpyXHe packpcHuue. OHO Mma yHKUMjy ycmjepaBarba BO3MAA Ha ynasy y Typbo KpyxKHyY
packpcHuuy M GYHKUMjY 3alWTUTe Mjelaka U BULMKANUCTA NPUAMKOM Mpenacka NpuK/by4yHor
Kpaka, 36or yera je Herosa npumjeHa y Typbo Kpy»KHUM packpcHuuama obaBesHa [2].

Kog, Typb0 KpysKHWMX pacKkpcHMua moryha je npumjeHa pBa 06/1MKa pasgjenHux OCTpBa:
TpOyraoHor 1 Kansbactor (cauka 16) [2].

Cnuka 16. PazdjesnHo ocmpeo: mpoyaaoHoz 0bauKa (nujeso) u Kanseacmoe obauka (OecHo) [8]

4.4. BOBEHE NIEWWAKA U/WUAN BULUKNNCTA HA NOAPYHJY TYPBEO KPYHKHUX
PACKPCHULA

Mpenasu 3a njewake U OUUMKANCTE HA KPYXKHMM pPACKPCHWUAMa Cy HeonxogHu 36or
obesbjehumBarba caobpahajHe 6e3bjegHoCTM M yaoBHOCTM, anuM ce NpuM TOMEe He CMUjy
CTBapaTU MPeKoMjepHM 3acToju y caobpahajy. MNjewaykn npenasu ce ussoge Ha oapeheHoj
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yAa/beHOCTU O, Cro/ballkbe MBULLE TYpbO KpyHe packpcHuue. MpenopydyeHa yaasbeHoCT
n3mehy cnosbawme meuue Typbo KpyKHe PacKpCHUUE U Npenasa jegHaKa je AyXWHU jegHor
00 TpW NyTHMYKa ayTomobuna (5,0-15,0 m) [8].

YKONUKO ce y TYpb0o KpyKHOj PaCKPCHULM OYeKyje BeNUKM BPOj HEMOTOPM30BAHMX YHECHMKA Y
caobpahajy 1 ykonuKo je sohere HemoTopusoBaHor caobpahaja n3BeaeHO Npeko npesnasa 3a
njewake, HUBO HUXxoBe caobpahajHe curypHoctn moryhe je gogatHo nosehaTu Ha HeEKU of,
OBMX Ha4uMHa [8]:

= pasgBajarbem ynasHux/um3nasHux caobpahajHux Tpaka pasgjeNiHMm OCTPBOM,
= cMUUakbeM npenasa usmehy ynasa u nsnasa,

" npumjeHOM Mjepa 3a cmupuBarbe caobpahaja Ha nNpUK/YYLMMa — TpanesHom
nnaTGopMOom y KOMBUHALMN C NPENA3OM.

Mpenasu 3a njewake W/MaM BULMKAUCTE Y HUBOY He CMUjy Ce KOpUCTUTU Yy cbegehum
cnyyajesuma [2]:

*" Huje moryhe 06e36u1jegnuTn 4OBO/bHY BUA/LUBOCT,

= BeJ/IMKM je UHTEH3UTET MOTOPHUX BO3uAa y caobpahajy,

"  BEJ/INKM je yaMo KaMnoHa y caobpahajy,

= Be/IMKM je UHTEH3UTET KpeTatba Njelaka u/muam buunkauncTa.

5. 3AK/bYYAK

Typbo KpyKHe pacKpcHULE Cy HOBa BPCTa KPYKHUX PACKPCHULA KOje cy HacTane y XonaHamju,
raje cy v Haj3acTyn/beHuje, anm CBOje MJecTo Cy Hawie Uy MHOrMM Ap»kasama Espone wm
wupe.

Pasnnke y reomeTtpujckom pacnopeny enemeHata TKP-e ce jassbajy y BpujeaHOCTMMA
nojegHUHUX napameTtapa. Hajseha pasnuka y npojektoBarby TKP-a jecte npumjerbuBatse,
OAHOCHO, HenpuMmjerbMBakbe HaABULIEHA MNPU pasgBajakby Tpaka Yy PacKkpcHuuu. [ok
nojeauHe 3emsbe (XonaHawuja, CnoseHuja, Mahapcka, MakegoHuja, XpBaTcka) cmatpajy
AenvHeaTop HeusocTaBHMM enemeHToM TKP-a, apyre 3emsbe (Hbemauka, Mosbcka, [aHcKa,
YewkKa) cmaTapjy ra HenotpebHum TpowkKom. CBaKa of 3emasba HacToju NpuaaroguTu
N3BOpPHY reomeTpujy (XonaHamja) concTBeHMM NpUANKama U yCIOBUMA.

Typbo Kpy)KHE pacKpcHUUE WCNyHaBajy 3afaTak Koju MM je HaMWujerbeH, HUXOBOM
NpUMjeHOM CMakbeH je 6poj n 036ubHOCT caobpahajHux Hecpeha, a Msbopom oarosapajyhe
BpcTe fAoBode M Ao nosehaBarba KanauuTeTa y OAHOCY Ha K/AacUYHe jeAHOTpayHe W
ABOTpaYHe PacKkpCHULE.
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AHANTN3A CTAHOAPOA 3A 3D MOAENOBAHE TPAJOBA U YITPAB/BAHE
MPOCTOPOM

ATICTPAKT

leorpadckn MHPOPMALMOHM CUCTEMM MpPYXKajy OCHOBHE MHObOPMaLMje O OKpPY)Kerby W NpeacTaB/bajy
nosiasHy OCHOBY 3a pa3BOj Pas3/IMHYMTUX anauKauuja Koje Hanase MpUMEHY Yy LMPOKOM CReKTpy
penatHoctu. OBM cuctemu, namehy octanor, kopucte n 3D reopedepeHumpaHe NogaTke Koju mory
HaCcTaTM U3 PasAMUYUTUX U3BOPA. Y OBOM pajy AaTe Cy KapaKTepucTUKe CTaHAapAa Koju cy pasBujeHn 3a
notpebe mogenoBarba NPOCTOPa, KAao M aHanu3a coPTBEPCKE APXMTEKTYpe CUCTEMA KOju Moxke buTtn
npumereH 3a notpebe pelwasatba oBor npobnema. OpgabpaHo pewerbe je UcKopuwheHo Ha TecT
nofauuma Ha nogpydjy MetposapaauHcke TBphHase y HoBom cagy v jeaHom oa objekata Ha nogpydjy
YHusep3uteta y Hosom Cagy.

KrmoyuHe pujeyu: 3D modenosarse, CityGML, IndoorGML, 3DcityDB, susyanu3ayuja

THE ANALYSIS OF SPATIAL MANAGEMENT AND 3D CITY MODELLING
STANDARDS

ABSTRACT

Geographic information systems provide basic information about the surroundings and represent a
starting point for application development that can be found in a wide spectrum of activities. These
systems use 3D georeferenced data that can come from different sources. This paper presents the
characteristics of the standards developed for the purposes of space modelling and analysis of the
software and system architecture that can be applied to solve such problems. The chosen solution has
been used on demo data that include Petrovaradin Fortress in Novi Sad and one of the buildings at the
University of Novi Sad.

Key words: 3D modeling, CityGML, IndoorGML, 3DcityDB, visualization
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1. YBO/

Y nocnegrux HeKonMKo pgeueHuja 3D mogenu rpagosa Cy Ce KOPUCTMAM YrAaBHOM 3a
notpebe Busyanusauuje, MehHyTum y nocneprmnx HEKOAMKO rogMHa Hanase NpuMMeHy y cee
Behem 6pojy npojekaTa M pagHWUX 3agaTtaka. PasBoj HauMHa rpaherba y ABafECET U NPBOM
BeKy M notpeba 3a nocefoBakbeM MHPOpMauUMja O MPOCTOPY M3HAL M MChog 3emsbe
NOACTaKAN Cy Pa3BOj OBaKBMX mogena. Kao nocneamua passoja cBe KOMNAEKCHUjUX moaena
nojasuna ce notpeba 3a geduHUcarwem crneumduKaumja M cTaHgapamsaumje 3D mopena
rpagoBa Kako 6u ce omoryhuno kopuwhere oBakBux mogena y wro sehem 6pojy AomeHa

[1].

[aHac supTtyenHun 3D moaenu rpafoBa NpyKajy BaxHe uHGopmaLmje 3a pasanumnTe acnekte
ynpas/bakba rpagckum nogpydjuma. PassBumjeHM cy M MHOMM CTaHZapgu, 04, Kojux cy
Haj3actyn/beHnju CityGML (enrn. City Geography Markup Language), Koju npeactas/ba Npsu
3Ha4yajHUjM cTaHAAp4 Y 0BOj 06/1aCcTM NPBEHCTBEHO HamMeheH MoAeoBakby objekaTta, Kao 1
IndoorGML (enrn. Indoor City Geography Markup Language), Koju je KacHuje pa3BujeH U
HaMerbeH je MOAEeNoBakbY YHYTPALLHEr MPOCTOPA NPETEXHO 33 NoTpebe pa3Boja anauKaumja
3a HaBMrauujy yHytap objekaTa.

3D mopaen rpafa je AUrMTanHU NpuKas 3em/bMHe NOBPLUMHE M MOBe3aHUX objeKkaTta y Koje
crnagajy 3rpage, Beretauuja, Wyme M Cagpkaju Koje je HanpaBMO YOBEK, a KOju npunagajy
ypbaHoj cpeamnHu [2]. MocToje pasnnumTi TePMUHU Koju ce KopucTe 3a 3D rpaacke moaene, a

»nou

HeKku of wux cy: “Cybertown”, “Cybercity”, “Virtual City”, vnv “Digital City”.

Mpeu 3D mopenu rpagoBa Moyenun Cy ce MPUMMerbMBATM Kpajem MpoLWIor Beka, WTOo je
npaheHo BenMKMM noTelwkohama HacTanMM MpBEHCTBEHO 360r HepocTaTKa oArosapajyhux
anaTta 3a NPUMMEHY, Kao M CTaHAapAa Koju cy oHemoryhasanu wupe Kopuwhere 0BaKBUX
mogaena.

BUpTyenHM rpafickM MO4EeNun y Npownoctu cy Hajuewhe kopuwheHun 3a BU3yanusaumjy mam
jeaHocTaBHO rpadMuKo NpeTpaxkuBake rpafckux nogpydja. Mehytum, aaHac suptyenHun 3D
MOZeNn rpafoBa npyKajy MHGopmaLmje BaxkHe 3a pasinymTe acnekTe ynpas/bakba rpagcknum
nopgpydjuma [2]. tbrxosa npumeHa NocTaje M3y3eTHO Ba)KHA MPUIMKOM U3rpaatrbe, ynotpebe
¥ ynpaesbatba ypbaHOM MHPPACTPYKTYPOM, LITO je MPUKasaHo Ha camum 1.

CAWYHO Kao TpaguumoHanHn 2D ckynosu reonogaTaka, u 3D mogenu rpagosa npeacraBsbajy
anpoKcMmaumjy cTBapHor cBeTa. KBaHTUTET M cagprKaj rpaiCKor mozena NoBesaH je ANPEKTHO
¢ 6yayhum HaumHom Kopuwhera 3D mopena rpaga. KonvumHa getasba Koja je obyxsaheHa y
3D mopeny, y cMUC/Ny reomeTpuje M aTpubyTa, KOJIEKTMBHO Ce Ha3uBa HMBO AeTasba — LoD
(enrn. Level of Detail), wTo yKka3yje Ha TO KaKo je Teme/bHO MOAE/1I0BaHa NPOCTOPHA BEINMUYMHA
Kao pe3ynTaT. LoD je cywTMHCKM KoHuenT y TUC-y (eHrn. Geographic Information System) u 3D
MogenoBamy rpagosa. Y CywTuMHKM, LoD KOHLENT je Ba)kaH y CBMM Kopauuma u3page
KnacuuHor 3D mogena rpaga, Y4ak u npe M0 KakBor NpuKyn/barba nogartaka [3].
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Cnuka 1. lMpumepu npumeHe 3D epadckux modena [2]

Mpunnkom Kpeuparwwa 3D mopena rpagosa, LoD oppehyje TexHonoruje npuKyn/bakba
nogataka Koje 6u Tpebano KoOpUCTUTW, jep CYy PasAIMuUTU MOAENN Pe3ynTaT pPasIMunTUX
NpUcTyna NpuKyn/batby nogataka. Ha npumep, LoD pedvHMWwE MUHMMANHY TyCTUHY obnaka
TaYaKa Kaja Ce KOPUCTU TEXHOJ/IOTMja J/lacepCKOr CKeHMparba M3 Basayxa. [lpuamkom
NPUKyn/bakba nofataka LoD cAyKW Kao rNaBHO ynyTCTBO O TOME KO/MMKO AeTasbHO Tpeba
NpUKyNUTK nogatke. CermeHTV nnaHupara cy onucaHu y LoD-y, WTo 3Ha4uM ga ce KoHuent
MOKe NPUMEHUTU N Ha U3MULL/beHe nogaTke. MowTo ce NpocTopHe aHan3e mMory U3BoguTn
33 3D mogzene rpafoBa Koju npeacTaB/bajy HewTo WTo TeK Tpeba pa byae msrpaheHo, To
roBOpu Aa cy oBe aHanuse BaxkHe y TMC-y u 360r Tora ux Tpeba pasmatpatu. LoD yTuye u Ha
obpagy nopataka. LoD ce He OAHOCU CaMO Ha KONIMYMHY FeOMETPUjCKMX nogaTaka Beh M Ha
CEMAHTMYKO boraTcTso.

LoD ce 4ecTo KOPUCTU Yy KOHTEKCTy ca obumom, TauyHowhy M KBanuTeToM MojaTtaKka, a
Hajyewhe ce KopucTM ga 6M ce ucTakno boratctBo reorpadckor ckyna nogartaka, 6es
CcTaHAapausauuje n popmanmsaumje. 3a pasnuky og 3D Komnjytepcke rpaduke yuja je Tema
[EeTa/bHO UCTPAXKMBAHA Y NocnebuMm AeleHunjama, rae ce 3D moaenu pasniunkyjy KonMunHom
nonuroHa, LoD y TUC-y obyxBaTa cemaHTMKy, aTpubyTte m apyre acnekrte. LUTtaBuwe, 3a
pa3nuKy o4, eKCNAULMTHUX MOjMOBa Kao LWTO Cy pasmep Yy KapTorpadwuju, Tpoyriosu vy
KOMMjyTepPCKoj rpaduum u pesonyumja y pactepuma, ogpehuBarbe HMBOa getasmba y 3D
MogenoBakby rpaga je cybjekTneaH 3agaTtak [3].

2. CTAHOAPM 3A MOZE/IOBAHE NMPOCTOPA

Mpuctynu 3D moaenoBakby MOry ce NOAENMTU Ha YeTUPK KaTeropuje (cnmKa 2). Y 3aBUCHOCTU
oz notpeba n byayhe npumeHe moaena, moxe ce ogabpatu ogrosapajyhu npuctyn.
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Cnuka 2. [Mpucmynu 3D modenosary npocmopa

PauyHapcka rpaduka mogenyje npocTop y CKNafy ca BM3YasHUM KapaKTepuUCTUKama, rae cy
peneBaHTHe caMo BuA/bUBE 0cobMHe objekaTa ca orpaHuyerem Ha reomeTpujy u rpaduyukm
npukas. OHa npy)Ka ebuKacHy BM3yanusaumjy U mogenoBare rpaduyKmMx KapaKTepucTuka um
0b6MYHO ce He pasmaTpa cemaHTMKa objekata. CAD moaenu npeacTaB/bajy ancrpakuujy
objekata Ha nnaHoBMMA. KapTupajy ce KOHCTPYKTMBHM enemeHTW, a MOAEeNoBakbe je
OpPWjeHTUCAaHO Ha KOMNOHeHTe. [eonpoCcTopHM Moaenu Aajy TonorpadCckM HUBO ancTpakumje.
Tayke 1 MoOBpLWIKM MoAeNna Cy nNpemepeHe OAHOCHO perncrtposaHe ceH3opuma. Mogenyje ce
reomeTpuja, TONoAoOrMja U ceMaHTMKa. OB Mogenu cy reopedepeHUMpanHn y Hekom og, 3D
KOOpPAMHATHUX cucTema [4]. 3ajeAHMYKM Ae0 3a CBe LeIMHe ca C/IMKe 2 jecTe Aa CBe OHe BuAe
M OMNUCYjy NPOCTOP Ha Pas3/IMUMT HauMH, ajKn je KpajibUu pesyantaT MoAen NpocTopa Koju je y
CKnagy ca npegsuheHom npumeHom. Hajsactyn/beHuju dopmatm v cTaHOapaM Koju ce
Kopucte y 3D moaenoBamy jecy: CityGML, IndoorGML, IFC, X3D, gITF n COLLADA.

2.1. KPUTEPWIYMMU 3A PASMATPAHE CTAHOAPOA

FeomeTpuja — BehuHa cTaHgapaa W ¢dopmata KOPWUCTM HEKOAMKO npucTyna 3a
penpeseHTaumjy reometpuje. Tako 2D penpeseHTaumja KOPUCTU TauKe, AMHUje U NONUTOHe Aa
npeactaBu enemente; 2.5D penpeseHTaumja KOPUCTU BUCUHY MAK AYyOUHY uuje BpeaHOCTH
poaesbyje cBakoj 2D Tauyku aa 6u ce Kpeupana nospu. LUTo ce Tnue 3D reomeTpuje, NocTojm
LeCT pas/IMuUTMX HauMHa 3a penpeseHTaumjy: Bokcenu, pasnararbe henuja, CSG, BRep,
napameTapcKka penpeseHTauumja u Tecenauuja [4].

CemaHTuMKa — [loBe3yje reomeTpujy ca eHTUTETUMA Yy peanHom ceeTy. OHa fJaje 3Hauvewe
MOAEN0BAHUM 06jEKTUMA U FbUXOBUM Le/10BUMA.

MeToa npoctopHor pedepeHuupartba — Kopucrte geckpuntope fga gedbuHuwy nosvumje y
du3MyKOoM cBeTy. MHTepHauMoHanHa opraHus3aumja cTaHgapga (/SO) n reonpocTopHU
KoH3opumnjym (OGC) pedvHMWy A[BAa HauMHA 33 NPOCTOpPHO pedepeHuMpare: npema
naeHTnduKaTopy 1 Npema KoopauHatama [4].
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Hueo aeTtasbHOCTM — Onucyje Pas/INyYUTE HauMHE penpes3eHTaumje reoMmeTpujckor objeKkTa y
3aBMCHOCTM O, HUBOA reHepasnmsaumje.

Y nocneatbe Bpeme notpeba 3a n3pagom 3D mogena rpafoBa pacte BenMkom 6p3nHom. Ca
CTaHOBWLWTA YyNpaB/batba CrnosbalbuM npoctopom, City Geography Markup Language —
CityGML npepcTtaB/mba MHOOPMALMOHM MoAen nogaTaka HamereH 3a npeacTaB/bakbe
reorpadckor TepeHa u 3D objekata y ypbaHum cpeanHama, 6asmpaH Ha ISO19100 cepwujm
CTaHAapaa. AusajHupaH je Kao OTBOpeHM Moges nopaTtaka 6asupaH Ha XML wemwu Koja
CNYXKW 33 YyBatbe WM pasmeHy BUpTyanHux 3D rpagackux mogena. Mo nuTakby yHYTPALWHOCTH,
Indoor Geography Markup Language — IndoorGML npepcTas/ba jeaH o4 CTaH4apAa Kojum ce
MOKe MOZ,eN0BaTH YHYTpaLlkbK NPOCTOP.

2.2. CITYGML CTAHOAPL,

CityGML ce 6asvpa Ha OTBOpPeHOM, 6oraTom M ONWUPHOM MHOOPMATUUKOM MOoAEeNY
nofartaka, WTo My Aaje moryhHOCT ynotpebe y pasniMuMTUm anavkaumjama u 3a pasamuute
HameHe. Y obnactu 3D mogena rpagoBa nocToju npobnem uHTerpauuje nopartaka, ycnepg
nocTojakba pPasnnunTux dopmata nogaTaka M pPasIMUUTUX LLEMA, jep Ce KopUcTe pasanuuTe
npeacraBe reoMeTpujcknx obaumKa.

CityGML omoryhaBa ceMaHTWYKy M LIEeMaTCKy MHTeponepabunHocT 3D mogena y OKBUpY
MHOPACTPYKTYpPE NPOCTOPHMX NofaTaka. OH npeacTas/ba OCHOBY 3a pa3MeHy MHpopmauuja u
nogartaka nsmehy pasanyunMTUX reoMHPOPMaLMOHUX CUCTEMA M KOPUCHUKA 6e3 moryhHocTu
rybuTKka KBa/iMTeTa M KBaHTUTETA NoAaTaka [5].

[nasHe KapakTepuctuke CityGML-a cy:

= [lpe3eHTauuja cBOjcTaBa NOBpLWMHE objekaTa (MaTepujanu 1 TeKCType),

= TonosowkKa nosesaHocT usamelhy objekara,

= MoryhHocT npownpera mogena nogaTaka,

= MopgenoBare Koje ce cactoju og, DMT, 3D objeKkaTta, Beretaumje, BOAEHUX MOBPLUMHA,
caobpahajHmua n nomohHux objekaTa TpaHcnopTa, ynotpebe 3em/bUlLTa, CTaHAAPAHUX
objekata y ypbaHum cpefmMHaMa M OCTanux objekaTa WM MpuKasmeatba objekaTa y net
XMjepapxmjckmx HMBOa deTasba — LoD.

Y3 npocTopHa CBOjcTBa, 06jeKTM MOry MmaTu nponpaTHe OMWCHE NoJaTKe Yy CrosballtbUm
Mogennma nogaTtaka Koju ce pedepeHumpajy Ha came objekTe. Ta moaynapHoct omoryhasa
cnobopy y AedvHUCaby U KONIMYMHU OMUCHUX NoJaTaka objekaTa M 3anpaBo MOBEe3MBaHbe
pasnnumMTuX yaasbeHnx basa nogataka ca CityGML mogenom [5].

CityGML ctaHgapa cBojy nonynapHocT mehy KopucHMUMMA Ayryje ynpaBo HWBOY MoaaTaKa
(LoD) koju je opraHM3oBaH y NeT Xxujepapxujckux HMBOA (camKa 3). LoDO je penpeseHTauuja
TNa M ONUMOHO NOJIMTOHA MBMLLA KpoBa 03Havasajyhu npenas ca 2D Ha 3D TNC. Y LoDO Hema
BONIYMETPUjCKMX NpuKasa. [Jasbe ce LoD nobosblwiaBa y CMUCAY CNOXeHOCTU objekaTa y
reoMeTpPUjCKOM U CEMAHTUYKOM cmucay. LoD1 je rpybu mogen objekata ca nBMuama objekta
6e3 KpoBoBa M geTasba. LoD2 je moaen Koju cagp’u nojegHOCTaB/beHE KPOBOBE WU rae
nenosn objekaTa mory 6utM mopenoBaHW y Buwe Knaca. LoD3 je petas/bHM mogen ca
APXMTEKTOHCKMM MpPUKa3Mma Mpo3opa M BpaTa KOjU je 3HATHO C/IOXKEHMUjU o4 MPETXOLHOT.
LoD4 ponyrbyje LoD3 Tako WTO YK/bydyje eHTepujep objeKTa.
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Cauka 3. CityGML Husou demaseHocmu [3]

2.3. INDOORGML CTAHOAPL,

YHyTpalltbM NPOCTOP Ce o4 Chnosballikber PasnunKyje Ha MHOro HauMHa. OCHOBHWM KOHLENTH,
moAenun nogaTaka v CTaHZApAM NPOCTOPHUX nHbopmauuja 6u Tpebann butn pegeduHncaHm
Kako 61 MCMyHUAM 3axTeBe an/MKalmja Koje 3axTeBajy NogaTKe O YHyTpallHbem npocTopy. Tu
3axTeBM O nojaumMma cy cneumduuUMpaHM Ha pasHe HauuHe, y 3aBUCHOCTU Of TUMa
anavKauuje 3a Kojy ce Kopucte [6]. YonwTeHo, aniuKaumje Koje KopwucTe nopgatke o
YHYTpallHem NpoCTopy MOry ce CBPCTaTW y AiBe KaTeropuje:

" VYnpas/batbe 06jeKTUMa U HUXOBMM KOMMOHEHTaMa,

= HauuH Kopuwherba yHyTpaLWHEr NpocTopa.

M3rpagrba objekTa u ynpas/batbe cnagajy y npBy Kateropujy. FnasHM $oKyc npee Kateropuje
je ynpaBo Ha M3rpaftbM KOMMOHEHaTa Kao LTO Cy KPoBOBM M 3uaoBu. [pyra KaTeropuja ce
doKycmpa Ha HaunH Kopuwherba 1 I0KaNM3aumjy efiemeHara y yHyTpalHbem npocTopy.

Uwb osor craHgapga je pedbuHuumja OKBMpa 3a MPOCTOPHE MNOAATKE O YHYyTpallkbem
NPOCTOPY KOjU MOTy /J0UMPaTM CTaUMOHApPHE WAWU MOKPETHE eJleMeHTe Yy YHYTPallHOCTU
objeKTa M MpPYKWUTU cepBuce NPOCTOPHUX MHOOPMALMja KOjU Ce TUYY HUXOBMX MOo3nuUMja Y
YHYTpaLLbem MPOCTOPY YMECTO Aa penpeseHTyje apxXnTekTypy camor objekra.

BakHa pa3nuka mamehy yHyTpalWer 1 cnosballkber NPOCTopa je y TOMe WTO je YHyTpallkby
MPOCTOP CayntbeH 04, KOMMIMKOBAHUX OrpaHuyerba Yy BUAY XOAHWKA, BpaTa, CTEneHuLTa,
nmdTosa. To 3HauM Aa je K/byyHM Npobaem NpuaMKom aeduHuLMje CTaHAAPAa MOAEN0Bakba
Hahu HauMH 3a NpaBUAHY penpeseHTaumjy OBUX enemeHara [6].

henanjckn npoctop — YHyTpawrbKu NpoCTOp NpeactaB/ba ce Kao ckyn henuja Koje cy
AeduHMCaHE KAo Hajmarba OpraHM3auMoHa WAWM CTPYKTypasHa jeauMHuua yHyTpallkber
npoctopa. OcobuHe henujckor npocTopa cy: cBaka hennja uma cBoj nAEHTUPUKATOP, CBaKA
henvja moxe MMaTH 3ajefHUYKY TpaHuLy ca apyrum henvjama anu ce He cme NpekaanaTn u
nosuumja y henmjckom npoctopy moxke 6UTM aeduHMCaHA MOAEHTUOUKATOPOM anu ce 3apaj,
npeumsHuje aedunHuLmje yrbyuyjy X,Y,Z KoopaunHate [6].

CemaHTMUKa penpeseHTauuja — Y IndoorGML-y, cemaHTMKa ce Kopuctu pga omoryhu
KnacuduKaumjy n ga vmaeHtuoukyje henuvjy n ytepam Besy usamehy henmja. CemaHTuKa
omoryhasa peduHuumjy henvja Koja moxke 6UTM of, WM3y3eTHOr 3Hayaja 3a HaBuraumjy.
Hajuewha knacuduKkaumja henuja je Ha HaBuraumoHe (npocTtopuje, XoAHWLM, BpaTta) U
HeHaBuraumoHe (3ngosu, npenpeke) henuje.

FeomeTpujcka penpeseHTaumja — leomeTpujcka penpeseHTaumja 2D nam 3D enemeHarta y
YHYTpaLwWHeM NPocTopy Huje rnasHu ¢okyc y IndoorGML-a 360r Tora WwTo je oHa geduHucaHa
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y 1S019107, CityGML v IFC ctaHgapauma [6]. Mnak, 3apas NoTnyHOCTM NofaTaka, reoMeTpuja
2D vinn 3D objekaTa moxe 6UTK onumoHo aedbuHUcaHa yHyTap IndoorGML nokymeHTa (civKa
4).

Cnuka 4. Mpuka3 zeomempuje y IndoorGML dokymeHmy [6]

TononowkKa penpeseHTauymnja — YsopHo-penaunoHu rpad (eHrn. Node Relation Graph)
npeactaB/ba TONOJIOWKE OJHOCE (npumep: CyceacTBo, NoBe3aHoCT) m3mehy objekata y
yHyTpawrem npoctopy [6]. NRG omoryhaBa u3aBajatbe, MOjeAHOCTaB/bEHE MU
penpeseHTaLMjy TONONOWKNX ogHoca M3amehy 3D npoctopa y yHyTpallkbem nNpocTopy, nonyTt
npocTtopuja yHyTap 3rpage. Omoryhasa edpuKacHy nmnaemeHTaumjy pavyHckux npobnema y
CUCTEMMMA 33 pPyTUpPake WM YHYTpallky HaBuraumjy. BUNo Koju yHyTpawru NpocTop MoXKe
6uTK TpaHcdopmucaH y NRG nomohy Poincare pyanHoctu. OH nojegHOCTaB/byje KOMMIEKCHe
npoctopHe oaHoce mamehy 3D objekata nomohy KOMOWHATOPHOr TOMOMOLIKOF MPEMKHOr
mogena.

2.4. OCTANN CTAHOAPAMN

Industry Foundation Classes (IFC) — CTaHaapa, 3a pa3meHy nogataka 3a Building Information
Modeling (BIM) anu n ¢opmaT Koju ce KOPWUCTU 33 apXUTEKTYPY, WHKEHEPCTBO U
KOHCTPYKUMje Kao W ynpaB/bakbe MHAYCTPUjCKUM objekTuma. IFC dopmatn cy ISO STEP
CTPYKTYpe, TEKCT AOKYMEHT Koju Kopuctn XML, XML van KOMNPUMOBaHW OOKYMEHT Koju
cafpu .ifc nawn .ifcXML pokymeHT [7].

eXtensible 3D (X3D) — HacnegHuK ogHocHo Tpeha reHepaumja VRML-a, na ocuMMm LUTO MOXKe
61T M3parkeH y KnacuuHom VRML Koay, X3D kopuctn XML 3a npukas VRML obnuka. X3D je
6ecnnatHu, oTBOpeHU U ISO paTudMKOBaHM CTaHAAPA, KOjU NPYXKa CUCTEM 3a CKNaauwTerbe,
npeysMmarbe W penpoaykuujy rpaduuKor cagprkaja y peanHoOM BpemeHy, yrpaheHor y
anJiMKkauuvjama, y OKBMPY OTBOPEHE apXMTEKType 3a NOAPLUKY LUIMPOKOM CMeKTpy 061actu m
KOPUCHUYKKUX noTpeba [8].

GL Transmission Format (gITF) — ®opmaT HameneH 3a 3D cueHe U mogene 3acHoBaH Ha JSON
CTaHAapay. Yecto ce onucyje Kao JPEG 3a 3D. dopmat je He3aBMCaH of UHTepdejca 3a
nporpamuparse anavkauumja. MNpemowhasa jaz nsmehy anata 3a kpeunpare 3D cagpkaja u
MmoaepHux rpaduukmMx anaukauuja npyxajyhn edpukacaH, npowmpus u MHTeponepabunaH
dopmart 3a npeHoc 1 yuntasake 3D cagpiKaja.
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COLLAborative Design Activity (COLLADA) — [edvHuwe XML 6a3upaHy wemy 3a nak
TpaHcnopt 3D capgpikaja m3mehy annavkauuvja, wTto omoryhyje pasHoAMKOCT nucara 3D
nporpama W anata 3a obpagy cazpikaja Koju ce mMory KOMOGWHOBATU MPUINKOM U3page
duHanHUX nponssoaa.

3. COO®TBEPCKA APXUTEKTYPA CUCTEMA 3D MOAENA TPAAOBA

KnujeHt/cepBep cuctemy ca TPOC/IOJHOM apxuTeKTypom (eHrn. three-tier architecture)
npeAcTaB/bajy CUCTEME Ca TPW, Y BEAMKOj mepu HesaBucCHa, noacuctema. Kaga je pey o
TpocnojHoj apxutektypu y TUC-y, oBakaB BuA, PyHKUMOHWUCArba KAMjeHT/cepBep cucTema
obesbehyje 6pojHe npegHocTn, Mely Kojuma cy jeoHOCTaBHO oOApKaBake CUCTEMA,
Kopuwhere KomepumjaiHO AOCTYMHUX CepBepa, Kao M OC/latbarbe Ha jacHo gedwuHucaHe
cTaHOapae y oarosapajyhum obnactuma Koje 3a nocneauuy Mma MHTeErpauujy cuctema
XeTeporeHux y nornegy kKopuwhewa xapasepcke u copTtBepcke onpeme. Codreepcka
APXMUTEKTYpPA CUCTEMA KOjU ce KopucTu 3a 3D mogene rpagoBa NpMKasaHa je Ha camum 5.

CauKa 5. Cogpmeepcka apxumekmypa cucmema 3D modena epadosa

Y nutawy cy cneaehm noacuctemm y Kojuma je jacHo AedMHUCAHO KOju CI0jeBU CYy 3a4YKeHU
3a Ta4yHo ogpeheHe dyHKLUMje cucTema.

Noacucrem 3a pykoBare nogauuma — Oae ce NPBEHCTBEHO MUCAU Ha CTPYKTYpY noAaTaka
Ka0 W HMXOBO CKIagMLWITEHE Yy CKNady Ca KOHUENTyaJHUM MOZAENOM KOju ce Mopa
NPeno3HaTh U UMMNAEMEHTALMOHMM MOAEIOM KOjU je MoTpebHO peann3oBaTu. Y apxXMTeKTypu
KOja MO’Ke [a ce UCKOPMUCTM 3a noTpbe cmelwTarba nogaTaka o 3D 06jeKTMMA Koju YnHe jeaaH
moaen rpaga, npenopyka je 3DcityDB. Osa wema 6a3e nogataka npeacras/ba jeqHO o4,
pewera 33 CKAagULTEHE TeONPOCTOPHMX MogaTaka M Haj3acTyn/beHMja je wema Koja je
HaMeHeHa MCK/bY4YMBO cknaguwTterwy 3D mogena rpagosa y CityGML dopmaTy.TpeHYTHO
nocToje ABe Bep3uje pPasnMUMTUX cMCTeMa 3a ynpas/batbe 6azama nogaTtaka, jeaHa 3a Oracle
10g Spatial, Koja je KomepumjanHor TMNa u jeaHa 3a Postgres Structured Query Language
(PostgreSQL) ca Post Geographical Information System (PostGIS) npowwnperem 3a NPOCTOPHE
nogaTke, Koja je oTBopeHor npuctyna [9]. OBy wemy KapakTepuwy cnegeha cBojcTea:
noAapLUKa y NeT pas/MYnTUX HMBOA AeTa/bHOCTU objekata, MoryhHOCT foAaBakba TEKCTypa U

064-075 | 71



064-075 | 72

C. MunoBaHoB, W. Pyckoscku, M. MloBeaapumua AHanusa ctaHaapaa 3a 3D mogenosare...[6] 2018 6[1] AlT+

60ja Kao pgogatak paekcmbuaHum 3D reomeTpujama uM Nogplika KOMMEKCHUM Mogennma
TepeHa.

Moacuctem 3a UMNEMeEHTaUMjy OCHOBHUX GyHKLUMja cucTema — MmnaemeHTUpa Tako3BaHy
MOC/MIOBHY JIOTWKY, OAHOCHO 33Jly)KeH je 3a cepBuUcMparbe MojaTaka y KaujeHT/cepBep
cuctemmnma. Hajuewhe Kopuwhenn cepsucu cy Web Map Service (WMS), Web Feature Service
(WFS), Web Coverage Service (WCS), Web Processing Service (WPS) n cepsucu 3a 3D noaaTke
oaHocHo Web 3D Service (W3DS).

Moacuctem 3a MHTEPAKUMjy ca KOPUCHUKOM — MmnnemeHTupa ¢yHKUMje KOPUCHUYKOT
uHTepdejca. Pa3Boj aniukauuja Koje he BPLIUTU MHTEPAKLMjY Ca KOPUCHUKOM MOXKE 6UTK
HaMereH [EecKToMn, WMHTEPHET MANM MOBUAHUM anauKaumjama. Benumku 6poj [ocTynHUX
pelera 3a BU3yannsaumjy 0BUX nogataka moxxe 6UTn nckopuwheH 3a ose cepxe. CBaKako ce
Hajuewhe 6upajy UHTepHeT anauKauuje (noptan, Web Map Client, annukauuja BupTyanHe u
NPOLMpPEHE PEaNHOCTU U CIMYHO).

4. CTYOUIA CNYHAJA — OEO TPAAOA HOBOI CAOA

3D Bwu3lyanusaumja npocTtopa noCTasa je He3amMeH/bMBa Yy MPOCTOPHOM MAAHMPaky U
ynpas/batby rpagosmma. Ceaku 3D mogen npoctopa npeacraB/ba HEroBy anpokcumauujy
KOja Yy 3aBMCHOCTM Of, CTeneHa JeTasba NpeAcTaB/ba BepaH WM Marbe BepaH MpuKas
cTBapHocTu [10].

Mogene Koju cy pesyntaT npetxogHor gena paga moryhe je npukasaTti Kpos anavkauuje
3aCHOBaHe Ha MPUMEHM BUPTYE/NHE PeanHoCTU. JeAHO 0f, pellera Koje Moxe 6utu
npumerseHo jecte A-frame, Koju npeacTas/ba UHTEPHET 6asupaHy anjuKaLmjy Koja Cyu 3a
Kpeuparbe 1 NpMKas BUPTYesIHe peasiHoCTY OAHOCHO BUPTYesiHe rpaduke.

A-frame wHTepHeT 6asupaHa anauMKaumja HanucaHa je og, cTpaHe KomnaHwje Mozilla w
pa3BujeHa je aAa byae jeaAHOCTAaBaH afv CHaXKaH anat 3a pas3soj VR caaprkaja. Kao camoctanHm
npojeKkaTt oTBopeHor Koga, A-Frame je jefHa opg, Hajsehux 1 HajaOMUHAHTHMjMX VR 3ajegHuua
M 3acHoBaHa je Ha HTML5, wTo onakwaea HeHo caBiagasatrbe [11].

Y unmby McnutuBarba edUKAcHOCTU U UCMPABHOCTM TEXHO/IOTUja U CTaHAApAa, Ha NoApydjy
Hosor Caga ncnpobaH je npegnoxeHn moaen. Cnposu LiDAR nogaum obpaheHu cy Ha nosHaT
Ha4YMH 1 aobujeHun cy 3D BEKTOpPCKM moaenu objekaTa, 2D BeKTopm3aLMja OCTanor caapkaja u
AUrnTanHu moaen tepeHa. OBM nogaum cy KacHuje KoHBepToBaHu y CityGML dopmat nomohy
TpaHchopmaumoHe lieme uspaheHe y nporpamy Feature Manipulation Engine (FME), roe cy
oppaheHe noTpebHe TpaHcdopmaumje Hag nopaumma (TpaHcdopmaumja KoopAMHATHOR
cuctema, ageduHUcakbe CTMNOBA NpuKasa, gogaBake CityGML atpubyta, wta.). OBako
TpaHchopmucaHu nogaum cmewTeHn cy y 3DcityDB 6a3y nogaTaka. U3 6ase je moryhe
OVHAMUYKM YMTaTU NOAATKE M KOPUCTUTU UX Y Pa3IUYUTUM anvMKaumjama 3a npukas
nogartaka. 3a notpebe oBor paga, nogaum 13 6ase cy uckopuwhenu y anamkaumju nspaheHoj
nomohy A-frame okpy:era. Popmat nogartaka Koju ce yuntaea y A-frame je .gITF.

4.1. NMPWKA3 3D MOAENATPALOA

Kako je A-frame wHTepHeT6a3MpaH anaT Koju paau 6e3 notpebe 3a UHCTaMPAbEM LOAATHUX
ansiMkauuja, noTpebHo je y 6MN0 KOM TEKCTYya/IHOM eauTopy HanpaButu .html gatoteky u y
HEeHOM 3arnassby pedepeHumnpatn A-frame ckpunt. NMowTo A-frame Kopuctn HTML5, cueHy m
HeHe eHTUTeTe moryhe je KoOHTpoancaTn KopuwTerwem JavaScript u DOM API-je [11].
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Kaga ce kpeupa .html patoteka, moryhe jy je otBoputu y Mozilla nHTepHeT npeTparkmBauy. Ha
cAnum 6 je npukasaH jeaaH aeo 3D mogena rpaga y WebVR okpykery. 3a 60/bU 4,0KUB/bLA]
BUPTYesiHe peanHocTu, AobujeHn 3D moaen rpaga moryhe je carnegatv y3 nomoh 6uno Kor
VR ypehaja.

Y oBOM paay vcKkopuwheHu cy nogaum Koju obyxsaTtajy nogpydje MNetpoBapaanHcke TBphase
N weHor noarpaha, nobujeHn LiDAR ckeHUparem Koje je nsseaeHo og cTpaHe Jlabopatopuje
3a reouHpopmaTmnKy PakynTerta TEXHUYKMX HayKa y HoBom Cagay.

Cnuka 6. 3D moden lNemposapaduHcke maphase npukaszaH y WebVR okpyxerby

4.2. TIPUKA3 YHYTPALLHOCTU OBJEKTA

Kpo3 ucTy anamkaumjy o4HOCHO Ha MCTM HAYMH Kao LWTO je npuKkasaH 3D moaen rpaaa, moryhe
je NpuKasatM U mogen yHyTpallker npocTopa KpeupaH y CKAaZy ca NPeTXo4HO OMMCaHUM
cTaHgapaom IndoorGML. Mogen Koju je NnpuKasaH Ha canum 7 ogHOCK ce Ha jeAHy o, 3rpaja
dakynTeTa TEXHUYKMX HayKa y HoBom Caay — 3rpaZly MHCTUTYTa MalLUMHCKOT oaceka. Mogaen je
nspaheH Ha OCHOBY eBaKyaLlMOHOr NnaaHa 0bjeKTa Koju cagp*un nHdopmaumje o gumeH3njama
objeKTa, no3numjama ynasa/usnasa, Kao n ocrane nHpopmaumje Koje ce Tuuy objexta (o3Hake
npocTtopuja, nosesaHocT). UckopuwheHn cy AOCTYNHM anaTv 3a MOAENOBakbe Y CKAagy ca
CTaHZApPAOM KAao M CBA OCTana TexHosoruja notpebHa Aa ce TakaB mogen gosezne y obauK
KOjW ce MOXKe UCKOPUTUTU NpuanKom uspage VR anankaumje.

064-075 | 73



064-075 | 74

C. MunosaHos, W. Pyckoscku, M. FfoBegapuua AHanusa cTaHaapaa 3a 3D mogenosatse...[6] 2018 6[1] AlT+

Cnuka 7. 3D modesn yHympawHocmu o06jekma MmawuHckoe uHcmumyma dakyamema mexHUu4YKux Hayka y Hoeom
Caody npukazaH y WebVR okpyxcerby

5. 3AK/bYYAK

Kpeunparbe 1 nmnnemeHtaymnja 3D mogena rpafosa M yHyTpawHer NpocTopa Kao M HhUXoBa
ynotpeba npeacTtaB/ba BEOMa C/NOXKEH M AyroTpajaH Npouec Koju 3axteBa ogrosapajyhe
pecypce 1 opraHM3aumMoHy NOAPLIKY M3a Koje CToje YNTaBU TMMOBU HayYHMKa M UCTpaKmnsaya.

MNpennoxeHn moaen nokasao je Aa CTaHO4APAW Wrpajy BeOMa BaXHY Ya0ry MPUIMKOM
MogenoBara rpagosa. Kako ce paan o BenMKOM NoApydjy, Ba)KHO je Aa ce nogaum
NpUKyn/bajy, 0bpahyjy n Tpetnpajy Ha yHUPopmaH HaunH aeduHUCaH cTaHAapAUMA, Kako 6u
ce npeasIoXKeHn MoAeNn Morao KOpUCTUTK Y Aasboj MMNAeMeHTaumju. TecT nogaum nokasanm
cy Aa je moryhe nspagutn keanutetHe 3D mogene rpafoBa KOpuULLTEHEM anata OTBOPEHOr
npucTyna.

C 063pom Ha TO Aa NpMMeHa CTaHAapAa Koju aeduHuwy moaenoBare NpocTopa NPUMETHO
pacte, MOXe ce KOHCTaToBaTM Aa he oHu y byayhHocTM 6MTM 3HATHO yHanpeheHu u
npunaroheHn 3axTeBMMa KOpUCHUKa [12].
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APEOMET MU UWDb PADA: Teopujcko M onepauuoHanHo ogpehusarbe npegmeta
WCTParkMBakba je 3aCHOBaHO Ha notpebu aa ce npoHahe eduKkacaH HaumH Koju he omoryhutu
03 ce MpojeKTyje M rpagu c matepujainuma Koju he Hajbosbe UCNYHUTKM 3axTeBe Kpajbux
KOPWUCHMKA objeKTa, ann npe cBera M3 MNepCcrneKkTUBE OAPMKMBOP pas3Boja M yTuUaja Ha
LENIOKYNHO OKpyKere. [peameT WCTparKMBatba je aHa/iM3a apXMUTEKTOHCKUMX peLlera
MHAMBUAYaANHOTr cTambeHor objeKTa C acrnekTa XMBOTHOI LUMKAyca objeKTa, Kao M aHanu3a
NnoHallaka, YycarnaweHoCcTM W ynoTpeb/bMBOCTU 3€NEHUX W PELMKANPAHUX, EKOJIOLIKMK
NPUXBaT/bMBUX MaTepujana 3a MaTepujanusaumjy objekta y 6yayhHOCTM Ha Hawum
npoctopuma.

Unmb wnctpaxkmBarba je ga ce KpO3 HayyHUM OMUC KOHLENTyasHOr OKBMpa 3a u3pajgy
APXMTEKTOHCKMX MpojeKkaTa ycknaheHux ca peanHum notpebama rpahesuHapcTBa carnesa
moryhHocT yHanpehera npojekToBarba U rpahera caBpemeHunx objekarta y Cpbuju. 3aTum, ga
ce yTBpAe Hajbo/bm npumepun fob6pe Npakce NpUMEHe 3eNeHNUX U PELUKANPAHUX MaTepujana
y U3rpaatbm Ha 6asu ucTpaxkusarba M pasmoTpu MoryhHOCT tbuxose npumeHe y Cpbuju.

METOAE UCTPAXUBALDbA: MocTynak ncTpaxkmMBakba NOAPA3YMEBA0 je MPUMEHY ONWTUX U
nocebHMX Hay4yHMX MeToZa WCTparkmBarba. [lonasvwTa y MeETOA0/I0WKOM  MOCTYMNKY
MCTpaXkMBarba Cy 3aCHOBAHA Ha MpoOy4yaBakby CTPYYHE M HayyHe nuTepaType Koja pasmatpa
npobnemaTvKy IKMBOTHOF LMKAyca MaTepujana, objekTa, eHepreTcke eduKacHOCTH,
€K0/I0Tnje, OAPKMBOr pa3Boja U peumKknaxe maTtepujana. NMocebHM METOLONOLWKN OKBUP 33
JIUA je nponucaH CraHgapgaom SRPS ISO 14044:2009, a meTOAO/NOWKM OKBUP 33 OUEHY
KMBOTHOT UMKAyca 3rpage je nponucad CtaHgapgom EN 15978:2011, Kao v rpaHuue cuctema
UCTpakmMBarba NO nojeguMHum $asama. Y UCTpakmsarby Cy KOPULLITEHM MPOrPaMcKM MakeTu
URSA, 3a npopayyH eHepreTcke epurKkacHoct, WIN Zero — 3a npeBeHUMjy OTNaga v ywteay
Boge, Carbon calculator Building (CcB) AreHuuje 3a 3awTuTy »KMBOTHe cpeauHe UK, 3a
npopayyH Yyr/beHUWYHOr OTUCKa, U BEES nporpam Kojum ce BpeaHyjy KapaKTepucTuke
rpaheBMHCKUX MmaTepujana n npomsBoaa.

FTMABHE U NOMOTRHE XUNOTE3E: OcHOBHO MonasuwTe jecTe Aa je npoueHa *KUBOTHON
LUMKNyCa KBAZUTETaH anaT 3a NOAPLUKY NPU AOHOLWeEHY OAJyKa KOje ce MOry KOPUCTUTK 3a
NMOEHTUPUKALM]Y EKOMOWKMX NPEesHOCTU ann U HeaoCTaTaka 3a pasnnyuTe NpPousBoAe WU
aKTMBHOCTM Koje yyecTByjy y u3rpagtbm n Kopuwhery 3rpaga. Y ¢asu npojektoBara Ha
HUBOY WAEjHOr NpPOjeKTa 3a W3rpagry, PEKOHCTPYKUWU)Y U MHBECTULMOHO Ofp¥KaBakbe,
npumeHom ogpeheHnx codTeepcKkux anata moryhe je octBaputh ywtene y emucujama racosa
ca edpeKToMm cTakneHe bawTe, y NpoAyKUMjM OTMaAa, anu M NoTpowru Boge. MpumeHom
copTBEPCKUX anata, y pasn npojekToBarba, a KOjUMa ce KBAHTUOMKYjy yTMLUaju objekTa no
basama KuBOTHOr LUMKnyca, moryhe je BpeAHOBATU NPOjEeKTHa pelera U 04abpati OHO Koje
MMa HajMakby yTULAj Ha KUBOTHY CPeaMHY.

HAYYHMU AONPUHOC: Ha ocHoBYy OBOr MCTpa)kuBara MNpUKasaH je mogen yHanpeherba
MEeTOA0/10rMje NpOojeKToBakba MNPMMEHOM COPTBEPCKMX asiaTa Koju aHa/IM30M KUBOTHOT
LUMKNYyca 06jeKTa KBaHTUPUKYjY yTHLaje 06jeKTa Ha KUBOTHY CPeaNHY.
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3AK/bYYAK: MpoueHom KueoTHOr umkayca (/1ILLA) objekta moryhe je ngeHTMduMKoBaTH Koje
Cy KOMMNOHEHTE Y KOjoj dasu KMBOTHOT LIUKAYCa M Ca KaKBMM YTUL,AjEM HA KUBOTHY CPeanHY,
LUTO Ce MOKe KBAaHTUPUMKOBATU KPO3 BPEAHOCT yribeHUYHOr OTUCKA. Ha ocHoBY Tora je moryhe
dopmupatn cTpaTernjy 3a AoHowere OpNyKa, Yy ¢asu npojekToBakba, O MNOjeAUHUM
BapujaHTama npojekTa. [lobujeHn pesyntaTu yKasyjy Ha BaKHOCT obpayvyHa embogmpaHor u
ONepaTUBHOr Yr/bEHWYHOr OTMUCKA ObjeKaTa M HeroBor yk/byymMBakba y CBUM ¢asama
npojeKToBama.

Y ¢asn wmgejHor npojekta JILA aHanmsa moxe nomohu y [oHOWeHY OA/NyKe Aa U
NPUCTYNUTU PEKOHCTPYKLMjU nocTojeher 06jeKkTa Uan U3BPLLUTU HErOBY 3aMeHY HOBUM.

Y ¢asu npojekta 3a u3rpagry, dopmupaHa cy TpU Mogena Hajuewhe npumerbUBaHMUX
KOHCTPYKTMBHUX ckaonoBa y Cpbuju 3a Koje ce Kopucte npumapHu maTtepujanu. Y cneaehe
ABe cMmynaumje cy U3BpLUEHE 3aMeHe MPUMAPHUX MaTepujana C BENUKUM YI/beHUYHUM
OTMUCKOM 3e/1IEHUM, PEeLMKANPaHUM U peynoTpeb/beHnm maTepujanmma. Y npBoj cumynaumjm
emboamnpaHn yribeHukK je moryhe cmamntun y oncery og 8,20% npeko 12,45% po 12,53% no
m2 6pyTo noBpwuHe objekTa. Y Apyroj cumynauuju y Kojoj je nosehaH obum 3eneHux,
peumMKanpaHmux u peynotpeb/beHUX maTepujana, ocTBapeHa je ywTeaa og 18,63% npeko
24,53 pno 29,89% no m2 6pyTo NOBpLUMHE Y O4HOCY Ha pedepeHTHU moaen. Behe ywrene 6u
morne 6MTN NOCTUrHYTE MPUMEHOM MOBUNHUX NOCTPOjeHba 3a peunknaxKy FOM-a, KoHTejHepa
ca poToBonTaxkHUM henunjama n apseHe rpahe 13 cepTMOUKOBAHMX LLYMa.

[OvcepTaumjom je AoKa3aHO Aa ce npumeHom codTBepcKmx anata nomohy JILLA objekTta, moxe
y ¢asn npojekToBarba KBAHTUGMKOBATM YyTULA] MNPOjeKTa Ha KUBOTHY cpeguHy. Kpos
dopmupaHe mogene U KOMMjyTepCcKe cumynaumje AoKasaHo je ga je moryhe npenosHatu
mogzene Koju cy ¢ MarbUM YI/bEHUYHUM OTMCKOM TOKOM MKMBOTHOF LMKNYCa, U jow y dasm
NpojeKToBatba YCMEPUTU MPOjEeKTOBabe U M3rpagky y Tom npasuy. Ha apxutektama je 3bor
TOra BEOMa BaXKHa yaora v notpeba 3a KOHTUHYMPAHOM efyKauMjoM Yy TOM CerMeHTy, jep cy
OHM K/bYYHM 33 0AabMP KOMMOHEHTW, MaTepujana, UHCTaNaumja, KOHCTPYKTUBHOI CKaona y
¢ba3m npojektoBara objekTa. OBNagaBarbe OBUM 3HatbMMa apXUTEKTU NpyKa anaT Kojum ce
apryMeHTOBaHO MOe NPefouYnTU MHBECTUTOPY Kakee cy moryhe pasauke y yTuuajuma Ha
UBOTHY CpeAuHY NPeBacxo4HO Y BE3M C MaTepujanunsaumjom objekTa.
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NPEOMET U UW/b PALA: MNpeameT Hay4yHOr UCTParkKMBatba je HYMEPUYKU eKCMEepPUMEHT Y
peHomupaHom codpTeepy ABAQUS 6.10, oeroBo nopehere ca peasHMM eKCnepMMeHTOM ca
0oCBpTOM Ha nocTojehun npasuaHuk EN 1993-1-5:2006 NMYHU NUMEHU HOCAYU. TpeHyTHU
nNpaBWJHWK 3a 0By BPCTy ontepehewa M npobnema je AePUHUCAH C EMMUPUjCKUM
dopmynama, Koje cy yCTaHOB/beHe HAaKOH MHOrobpojHUX eKcrnepumeHaTa, Kako OU3NYKUX
TAKO U HYMEPUYKMX.

Lin/beBn oBe marnctapcke tese cy:

[obujarbe BanUAHMX HYMEPUUKMX pe3ynTaTa 3a pedepeHTHM MOoLen 3a TpW pasaunyute
OYKMHE MpeKko Kojux fAjenyje KOHUEeHTpucaHo onTepeherwe M Kanubpucarbe HymepuyKor
eKcrnepumeHTa y OZLHOCY Ha eKcrneprMMeHTasiHe pesyaTaTe.

[obujarbe pesyntata napamMeTapckom CTYAMjOM W HUXOBO TyMauyere, Bapuparbem AyKUHe
NPeKo Koje Ajenyje KOHUEHTpUcaHo onTepehere, BapupareM nmepdekLmja U Bapupatbem
nebrbuHe HoXKMLE.

Mpernen noctojeher craHaapaa EN 1993-1-5:2006 u nopehewe Ao0bujeHMX nopataka ca
rpaHMYHOM HocuBowhy Npema AaTom cTaHaapay.

METOAE UCTPAXUBAHA: MeTofsa KOHauyHWX enemeHaTa; AHanutuyka metona; CuHTesa;
MHAayKTMBHaA meToaa; KomnapaTtueHa metoAa;

FNMABHE U MOMOTRHE XUMOTE3E:
Y MarucTapckoj Tesn cy nocraB/beHe XunoTese:

Moryhe je pobujarbe BaAUAHUX HYMEPUUKMX pe3ynTata 3a pedepeHTHUM mozen w
Kannbpucarbe HYMepUYKOr eKCNepMMEHTA Y OAHOCY Ha eKCNepuMeHTaHe pesyaTaTe.

Moryhe je nobutn pesyntate nNapameTapCcKkom CTyAMjOM, BapupatbemM AYKUHE MPEeKo Koje
Ajenyje KoHuUeHTpucaHo onTepehetrbe, Bapuparbem umepdeKumja n Bapuparbem aebsbuHe
HOXuLUe 1 n3Byhu 3ak/byyke U cmjepHULE 3a gasbM pag Ha Temy ,PATCH LOADING“-a.

Moryhe je u3Bpwutn nopehewe nocrojeher craHgappa EN 1993-1-5:2006 ca pobujeHum
HYMEPUYKMM pe3yaTaTMma u nssyhu 3ak/byuke U CMjepHULLE 3a AasbM pag.

HAYYHMU [AONPUHOC: MMopes npaKTudHe cTpaHe oapehuBarba KpuTuuHor ontepeherba
TAHKO3MAHOI HOCaya Mnoj [AejcTBOM MNOMPEYHOr KOHLUeHTpucaHor ontepehera, Tpeba
WCTAaKHYTM [a ce y HOocCayy fellaBa CTakbe Koje Yy TEOPMjCKOM CMWUC/Y Hema 3aTBOPEHO
pjewetrbe. Og4HOCHO, A0 Caga HUje ogpeheHo TauHO TEOPUJCKM MOTKPUjEN/bEeHO pjelleHe 0BOor
npobnema. Cea pjewera cy noayemnupujckor Tuna. WcTpa)KmBaum Ccy Ha OCHOBY
eKCrepumMeHTa, CBOjUX JIMYHUX 3anarkakba , Teopujcke ynyheHocTn n opujeHTauuje aasaam
npubanKHa pjelwera npobiema.

M3 Tor pa3nora Hay4Ha jaBHOCT je BPJI0 3aMHTEpPecoBaHa 3a 0Baj Npobaem, a NOroToBO LWTO ce
y Hocauy ncnpenauhe suwwe moryhux npobaema cTabUAHOCTM Kao M CUHTYIAPHUX pjellersa.

Moryhe je Ha U30/10BaHOM TaHKO3UAHOM HOcavy [o6uTK Bpao BUTHe M BanuaHe pesynTate,
KOju Cy NPUMjeH/bUBM Ha BEIMKOM Bpojy cMTyaumja y Kojuma ce TaHKO3MAHM HOcay Hanasu.
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3AK/bYYAK: C 0631pom Ha To fa 0Baj Npobaem HUje Ha 0Baj HAYMH NOCMATPaH, MOXKE ce
pehu aa je Ha edpurKacaH HaunH obpaheHa BP/O aKTyeHa U 3axTjeBHa TeMa, O4HOCHO MPYKeH
je 3Hay4ajaH Hay4YHM AONPUHOC U3PAAOM OBE Maructapcke Ttese. Pag je cuctemaTnsoBaH,
KnacudukosaH, naeHTMdGMKoBaHU cy Npobaemu ca Kojuma ce cycpehemo npu ontepehmsary
TAHKO3WAHOT HOCaYa NOMPEeYHUM KOHLEHTPUCAHUM onTepeherem U AaTh cy NOCTYNLM U
MeToAe HUXOBOr pjeLlaBamba.
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AT+ je mehyHapoaHM yaconuc Koju ce 6aBu Temama M3 061aCTU  apPXUTEKTYpE,
rpaheBuHapcTBa, reogesvje U APYrux CPOAHUX HAyyHUX 061acTM y UWbY HUXOBOT
yHanpehema.

ONLWTA YNYTCTBA AYTOPUMA

Mpunpema 1 npegaja paga

PyKkonuc (TeKCT unaHKa ¢ naycTpaumjama) foctas/ba ce YpeaHUWTBY Y e/1eKTPOHCKOM 06Ky
(e-maun). PapoBu ce aocTtassbajy y eantoppuma: MC Wopga 2003 1 HoBuje Bep3uje. Pagose 3a
yaconuc moryhe je npeaatu Ha cnyKb6eHum jesmumma BuX 1M Ha eHriecKom je3mKy. YKOIMKO
[0CTaB/batbe PaoBe E€NEeKTPOHCKUM nyTem Huje moryhe, monaumo aytope aa ce obpate
YpegHuWTBY Ha e Mamn agpecy: aggplus@aggf.unibl.org.

CBM pafoBM NOAAMjEKY aHOHMMHOM peLLeH3eHTCKOM nocTynky. CBe octane onuce (YAK
O3HaKe, Jatyme npujema u npuxsaharwa paga, [ABOje3NYHE eNemeHTe WUTA.) YHocu
YpegHuwTBO.

Paposu ce KaTeropuuy Kao:

| OpUIrMHaNHWU Hay4yHU pap, opraHusosaH no cxemu UMPAL (MHTpogyuTvoH, MeTxoAc,
Pecyntc AHg [AucuyccuvoH), y Kome ce npBM nNyT nybamKyje TeKCT O pesyntaTMma
COMCTBEHOr UCTPaXKUBaka OCTBAPEHOr NMPUMjEHOM HayYHUX MeTOoAa, Koje Cy TeKCTyasHO
onucaHe M Koje omoryhaBajy Aa ce MCTparkmBakbe no noTpebu noHosu, a yTBpheHe
YMHbEHULLE NMpOBjepe.

| MNpernegHn pap je pag Koju [OHOCKM HOBE CUHTE3e HacTase Ha OCHOBY nperneaa
HajHOBMjUX Ajena o oapeheHOM NpeaMeTHOM NOAPYYjY, @ KOje Cy U3BeLEeHe CaXKUMaHEM,
aHaNIN30M, CUHTE30M W eBaNyaLMjoM C UU/beM A3 Ce NPUKaXKe 3aKOHOMjepPHOCT, NPaBKo,
TPEHA, AN Y3POUYHO-MOC/bEANYHN OOHOC Y BE3U Ca UCTPAXKMBAHUM GeHOMEHMMA Tj. pag,
KOjU CaApKWU OpUTMHANaH, AeTa/baH U KPUTUYKW MPUKA3 UCTParkMBadkor npobsiema wam
noApyyja y Kome je aytop octsapmo ogpeheHn gonpuHoc.

| KpaTko uam npetxoaHo caonwTtere je OpUrMHaNAHW Hay4yHU pajd, anum makber obuma nam
npeMMMUHapHOr KapaKTepa raje Heku enemeHTn UMPA/-a mory 6MTK UcnywTeHu, a pagam
Ce O CaXeToOM M3HOWekYy pe3yaTaTta 3aBPLIEHOr M3BOPHOI MCTPAXKMBAYKOr Ajena uau
Ajena Koje je jow y nspaam.

| HayuHa KpWUTMKa, OLHOCHO MONEMMKA MM OCBPT je pacnpasa Ha oApeheHy HayuHy Temy,
3aCHOBaHa WCK/bYYMBO Ha HayyHOj aprymeHTauwuju, raje aytop Aokasyje McnpasHOCT
oppeheHor Kputepujyma cBOra MMUIL/bera, OAHOCHO noTephyje Man nobuja Hanase
Apyrux aytopa.

| CTpyuHu papsoBu He caape HOBE, OPUMMHANHE HayyHe Cro3Haje, pesy/TaTe, Teopuje

Hero obpahyjy seh nosHaTo M onucaHo. [lonpuHOCKH NpUMjeHM A06PO-NO3HATUX HAYYHUX
pesynTaTa v HbMXOBY aganTaumjy 3a NpakTUYHY ynoTpeby.

| Mpukas gokTopara, Krbura, HaCTaBHUX NPOrpama, MehyHapoAHe aKTUBHOCTM, NpojeKaTa u
CPOAHUX aKTUBHOCTM.

Papgosn ce npepajy y A4 odopmaty, npema TEXHUYKMM YNyTCTBMMA Ob6jaB/beHMM Ha
http://doisrpska.nub.rs/index.php/aggplus



ACEG+ is an international journal devoted to topics in the fields of architecture, civil
engineering, geodesy and other related scientific disciplines, with the aim of their
advancement.

GENERAL AUTHOR INSTRUCTIONS

Preparation and submission of papers

The manuscripts (texts of papers with illustrations) are to be submitted to the Editorial Board
in electronic form (via e-mail). The texts should be prepared using MS Word 2003 or a later
version of the program. They can be submitted in one of the official languages of Bosnia and
Herzegovina or in English. In case submitting texts in electronic form is not possible, the
authors should contact the Editorial Board at the following e-mail address:
aggplus@aggf.unibl.org.

All papers are subject to anonymous peer review. All other designations (UDC, date of paper
submission, date of paper acceptance, bilingual parts, etc.) are entered by the Editorial Board.

The works are categorized as:

| Research paper, structured according to the IMRAD pattern (Introduction, Methods,
Results and Discussion), as the first publication, in textual form, of the results of the
author’s/authors’ own research conducted using scientific methods, which are described
in the text and allow the repetition of the research, if necessary, and checking of the
stated facts.

| Review paper is a paper that offers a new synthesis based on a review of the latest
works on a particular subject area, which is made by summarizing, analyzing,
synthesizing and evaluating in order to show a regularity, rule, trend or cause-and-effect
relationship with respect to the investigated phenomena, i.e. a paper which includes an
original, detailed and critical review of a research problem or area in which the author
has made a contribution.

| Brief or preliminary announcement is an original scientific paper, small in scale or
preliminary in nature, with some elements of the IMRAD pattern omitted. It is a concise
presentation of the results of completed original research works or works that are still
under preparation.

| Scientific critique, debate or overview is a discussion on a particular topic, based solely
on scientific arguments, where the author proves the correctness of certain criteria of
her or his opinions, or confirms or refutes the findings of other authors.

| Professional papers do not contain new and original scientific findings, results or
theories but rather process that which is already known and has been previously
described. They contribute to the application of well-known scientific results and their
adaptation for practical use.

| Reviews of PhD theses, books, curricula, international activities, projects and related
activities.

The papers should be submitted in A4 format, in line with the technical guidelines published
at http://doisrpska.nub.rs/index.php/aggplus.
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PeueH3uje

3a cBe npuiore YpegHULWTBO OCUIypaBa Hajmakbe ABUje peueH3uje, Npyu Yyemy cy ayTopuma
peLeH3eHTM HenosHaTh, a UCTO Cy TaKO peLeH3eHTMMa HenosHaTW ayTopu paga. KoHauny
OANIYKY O KaTeropmsauuju pafa A[oHocu YpeaHWUWTBO Yy3umajyhu y 063up mulbera
peueH3eHaTa. Ob6jaBuhe ce CBM MNO3UTMBHO PELLEH3MPAHM M Ha CaCTaHKy YpeaHuWLWTBa
npuxsaheHu YnaHum, a pegocnanjes objas/buBatba YpegHULITBO yTBphyje npema cagpKajHum
M KOHUENUUjCKUM KPpUTEPMjYMMMA CBAKOT NojegmMHadyHor 6poja.

YpegHuwreo he aytopa o6asujecttv 0 NPOBEAEHOM PELEH3EHTCKOM MOCTYMKY, yTBphHeHoj
KaTeropumju 4naHka M eBeHTyalHUM AOMNyHama WAM ucrnpaBkama Koje je aytop obasesaH
YPagmMTM Npuje KoHaYyHor NpuxsaTarba YiaHKa 3a objas/bmBakbe.

AyTop je obBesaH nocTynuTM npema npumjeabama peueH3eHaTa M UCMPAB/bEHU TEKCT
[0CTaBUTU y poky og 30 gaHa, NOHOBHO Yy UCTOM OBJIMKY Kao M MPUIMKOM NpBe npegaje.
YKO/IMKO ayTop He Aopagu pafd Yy poky oa 30 paHa, pas ce Hehe y3eTu y pasmaTtparbe 3a
objaB/bMBatbe y Yaconucy.

PapoBu ce y MHTerpanHom o06aunky nuwy n objaBbyjy Ha HEKOM of, jeanuka buX nnam eHrneckom
je3nKy, a ancTpakTW, K/byyHe pujeun, HacnoBM W nopgHacnosu ob6jaB/byjy ce O0je3nYHO
(npeBog ocurypasa Aytop).

Monnmo CapagHuke Aa CBOj paa, ocMum oBMm onwnm ynyTcreBuma, obBesHO npunaroge n
AeTa/bHUM TeXHUYKUM ynyTCTBMUMa.

PapoBu Tpeba aa cappke:

| HACnoB PAOA Ha jeaHOM of, je3nKa bux

| ANCTPAKT Ha jepHom op, jeavka bux - Anctpakt Tpeba ogmax Aa nNpeTxoau ysoAy.
AncTpakT Tpeba Ja NpyXKKM jacHY MHAMKAUMjy Npupoae pesynTaTa cagprKaHux y pagay u
Tpeba Aa NpaTv K/ibyuyHe pujeun.

| K/bYYHE PMIEYM Ha jeaHoM og, jesnka BuX - go 5 K/byuyHUX pujeun Koje omehyjy Temy
6aB/bera paga

| HACnoB PALA Ha eHrneckom jesnky

| AMCTPAKT Ha eHrneckom jesukry

| K/bYYHE PUIEYM Ha eHrnecKom jesnky

| TEKCT PAJA - 1. YBOZ, 2. MOTNIABJ/bA, 3. 3AK/bYHAK U 4. EUB/TMOTPA®UIA

JepaH ayTop MoKe npujaBaTu HajBulle ABa paga, a Camo Yy jeHOM paay MoXKe butu npsu
ayTop.

Monumo capagHuKe Aa CBOj paj, OCMM OBMM OMWWM YMNyTCTBMMA, 06BE3HO Mpunaroge v
AeTa/bHUM TEXHUYKMM YyyTCTBUMA.



Reviews

The Editorial Board will provide at least two independent reviews for all submissions, with the
authors unknown to the reviewers, and vice versa. The final decision on the categorization of
papers will be made by the Editorial Board taking into account the opinions of the reviewers.
All submissions that are given a positive review and are accepted in the meeting of the
Editorial Board will be published, and the order of publication will be determined by the
Editorial Board in accordance with the content and conceptual criteria of each volume of the
journal.

The Editorial Board will notify the authors about the reviewing procedure, established
category of the article and any additions or corrections required from the author before the
final acceptance of the article for publication.

The author is obliged to act according to the reviewers’ comments and recommendations,
and submit the revised text within 30 days, in the same form as the first submission. If the
author does not submit the revised version of the text within 30 days, the paper will not be
considered for publication in the journal.

The articles are written and published in one of the official languages of Bosnia and
Herzegovina or English, and the abstracts, keywords, headings and subheadings are published
bilingually (with the translation provided by the author).

The contributors are kindly requested to adjust their texts to these general author
instructions as well as the detailed technical guidelines.

The papers should include:

| PAPER TITLE in one of the languages of Bosnia and Herzegovina

|  ABSTRACT in one of the languages of Bosnia and Herzegovina. The abstract should
precede the introduction. It should provide a clear indication of the nature of the results
contained in the paper and should follow the keywords.

|  KEYWORDS in one of the languages of Bosnia and Herzegovina - up to 5 keywords that

specify the topic of the paper

PAPER TITLE in English

ABSTRACT in English

KEY WORDS in English

BODY OF PAPER — 1. INTRODUCTION, 2. CHAPTERS, 3. CONCLUSION and 4. REFERENCES

One author can submit a maximum of two papers, and may be the first author of only one

paper.

The contributors are kindly requested to adapt their texts to these general author instructions
as well as the detailed technical guidelines.
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