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Sazetak

Uvod: Parazitoidi su organizmi koji se razvijaju na ra¢un drugog organizma, sli¢no kao
i paraziti, ali se od njih razlikuju jer uvek na kraju svog razvica ubijaju svog domacina.
Parazitoidi se mogu se naci u razli¢itim redovima holometabolnih insekata: leptirima (Le-
pidoptera), tvrdokrilcima (Coleoptera), dvokrilcima (Diptera), ali su najbrojniji (oko 80%
svih parazitoida) u redu opnokrilaca (Hymenoptera), pogotovo ose iz familija Ichneumo-
nidae i Braconidae. U ovom radu, analiziran je diverzitet parazitoidnih osa iz potfamilije
Aphidiinae (Hymenoptera: Braconidae) sa njihovim domacinima, biljnim vasima (He-
miptera: Aphididae) na §iroj teritoriji grada Nisa.

Cilj: Istraziti raznovrsnost parazitoidnih osa potfamilije Aphidiinae na teritoriji grada
Nisa; analizirati abundantnost parazitoidnih osa i biljnih vasi; prikazati najznacajnije vrste
osa prema brojnos§cu i ucestalosti za istrazivano podrucje, ukazati na vrste osa koje imaju
potencijal u bioloskoj kontroli biljnih vasi.

Materijal i metode: Materijal je sakupljen na $iroj teritoriji grada Nisa u periodu od 01.
maja do 07. jula, a dobijeni podaci o izdvojenom materijalu sortirani su i obradeni u sof-
tverskom programu Microsoft Excel 2010.

Rezultati: [strazivanjem na podrucju grada NiSa prikupljeno je 28 vrsta biljnih vasi, od
kojih je 15 bilo parazitirano od strane parazitoidnih osa iz potfamilije Aphidiinae. Utvr-
deno je da je najvecu frekventnost medu parazitoidnim osama pokazao rod Lysiphlebus,
dok je dominantan rod medu biljnim vasima bio Aphis. Primeceno je da je vrsta Aphis
fabae najcesca Steto¢ina biljaka na istrazivanom terenu, dok se kao potencijalni kandidat
za biolosku kontrolu ove vasi moze koristiti vrsta Lysiphlebus fabarum.

Zakljucak: Dobijeni rezultati predstavljaju znacajan doprinos istrazivanju faune brako-
nidnih osa iz potfamilije Aphidiinae, kao i biljnih vasi, na podrucju grada Nisa.

Kljuéne redi: Parazitoidi; Aphidiinae; biljne vasi; Aphididae; Ni§



Uvod
1.1 Opste karakteristike familije Braconidae

Familija Braconidae pripada redu opnokrilaca (Hymenop-
tera), poznata je joS i pod nazivom ose najeznice. Svi pred-
stavnici su parazitoidi drugih insekata, naj¢eS¢e njihovih larvi.
Zajedno sa familijom Ichneumonidae (ose potajnice), brakonide su klasifi-
kovane u superfamiliju Ichneumonoidea, koja sa drugim superfamilijama
pripada sekciji Parasitica, podredu Apocrita (1). Prema novijim istraziva-
njima, u Evropi je registrovano 33 (od ukupno 45) potfamilija koje obuhva-
taju oko 6000 vrsta brakonida, svrstanih u 400 rodova i 40 potfamilija (2).
Velicina tela osa najeznica kre¢e se 2—6 mm, ali postoje i vrste u tropima
¢ije telo dostize duzinu od nekoliko centimetara (3).Telo imaga brako-
nida diferencirano je na tri regiona — glavu (cephalon), grudi (torax) i
trbuh (abdomen) (4). Na glavi se nalazi par krupnih slozenih o€iju i tri
ocele. Usni aparat je sa ortognatnim polozajem i prilagoden je za uzima-
nje te¢ne hrane, nektara i hemolimfe. Antene su sa viSe ¢lanaka, a njihov
taksonomski karakter je vazan, pri cemu muzjaci imaju veci broj ¢lanaka
u antenama (4). Grudi su gradene od tri segmenta; protoraks, mezoto-
raks i metatoraks za koji je srastao prvi abdominalni segment — propo-
deum. Noge se sastoje od kuka (coxa), butnog valjka (trochanter), buta
(femur), goleni (tibia) i stopala (tarsus). Po jedan par krila smesten je
na mezo- i metatoraksu, a odlikuje ih prilicno redukovana nervatura (5).
Braconidae su gonohoristi, ali poznate su i partenogenet-
ske zenke. Zenke poseduju legalicu (ovipositor) koja je prilago-
dena za paralizovanje domacina i polaganje jaja na ili u njega
(6). Muske genitalije sliéne su ostalim grupama Hymenoptera.
Najveci broj osa najeznica su parazitoidi raznih insekata, najéesce guse-
nica leptira, biljnih vasi, larvi tvrdokrilaca i muva, dok je fitofagija veoma
retka (7). Parazitoidne larve se odredeno vreme hrane specifi¢cnim tkivom
domacina, a na kraju svog larvenog stadijuma, parazitoid ubije insekta-
domacina. Adulti su slobodnoziveci, hrane se nektarom i njihova uloga je
u pronalazenju domacina za razvoj slede¢e generacije (8). Vecina para-
zitoida je specificna prema odabiru domacina, te takav zivot dovodi do
raznovrsnih bioloskih adaptacija imaga. Neke brakonide, po na¢inu para-
zitiranja, mogu biti ektoparazitoidi (zenka polaze jaja na telo doma-
¢ina) ili endoparazitoidi (zenka parazitoida polaze jaja u domacina).
Kao znacajni prirodni neprijatelji mnogih biljnih Stetocina i vazan faktor
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u odrzavanju stabilnosti ekosistema, vrste iz familije Braconidae pogodne
su za primenu u bioloskoj borbi protiv tetnih insekata Sirom sveta (7).

Slika 1: Osa najeznica (fam. Braconidae, Hymenoptera)

1.2 OpSte karakteristike potfamilije Aphidiinae

Predstavnici potfamilije Aphidiinae spadaju medu najsitnije predstav-
nike familije Braconidae sa telom velCine oko 2 milimetara. Vrste iz ove
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Slika 2: Opsti plan grade ose potfamilije Aphidiinae
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hlebus balcanicus), pa do 30 ¢lanaka (kod nekih vrsta roda Paue-
sia). Kao pouzdan taksonomski karakter pri determinaciji na nivou
rodova ili vrsta, koriste se krila, antene, usni aparat, petiolus i drugi
delovi tela. (4). Toraks je kompaktan sa dva para krila, a pojava beskril-
nosti je retka. Od ostalih brakonida, ove osice razlikuju se po prisu-
stvu pokretne suture izmedu II i III tergita metazome (3). Osim ove
razlike, u morfologiji ne postoje znacajne osobenosti izmedu imaga
potfamilije Aphidiinae 1 ostalih predstavnika familije Braconidae.
Prema mnogim autorima, potfamilija Aphidiinae se deli na 4 tribusa: Acli-
tini, Ephedrini, Aphidiini i Praini.

1.3 OpSste karakteristike biljnih vasi familije Aphididae

Biljne vasi, zajedno sa cikadama, lisnim buvama i §titastim vasima, pri-
padaju redu Hemiptera, a podredu Aphidoidea. Do sada je poznato preko
20.000 vrsta §irom sveta, a smatra se da ih ima vi$e jer su slabo istrazene
(7). Izuzetno su bioloski raznovrsne. U Evropi je registrovano preko 1.000,
a u Srbiji oko 350 vrsta(7). Biljne vasi su sitni insekti, veli¢ine tela do 7
mm, ovalnog oblika, sa vrlo razli¢ito obojenim i mekanim telom. Zive na
biljkama iz kojih siSu sokove i pri¢injavaju velike Stete. To su uglavnom
apterni insekti, ali se medu zenkama javljaju i krilate jedinke. Veéina vrsta
vasi na kraju abdomena ima parne izrasStaje — kornikule, kroz koje se luci
vosak sa feromonima kojim se brane od predatora. Takode, ovi insekti
izbacuju mednu rosu (sekret sa dosta Secera i aminokiselina) koju drugi
insekti, poput mrava, koriste kao hranu (5). Zivotni ciklus biljnih vasi je
vrlo slozen. Javlja se polimorfizam, pojava nekoliko formi odraslih jedinki
u populaciji iste vrste.

Razmnozavaju se gamo-
genetski i partenogenetski.
Vrste koje smenjuju ova dva
tipa razmnozavanja oznaca-
vaju se kao holocikli¢ne, a
one koje se razmnozavaju
samo partenogenetski, nazi-
vaju se anholocikli¢ne (7).
Slika 3: Polimorfizam kod

biljnih vasi (fam. Aphididae,
Hemiptera)




1.4 Parazitizam i parazitoidizam

Parazitizam je bioloSka asocijacija u kojoj se jedna vrsta odrzava na
drugoj zive¢i trajno ili povremeno na njenim delovima ili u njima, kori-
ste¢i njihovu energiju i remeteci njihove fizioloske procese, ali ne dovo-
dec¢i uvek po pravilu do njihove smrti. U pogledu prilagodenosti na para-
zitski nacin zivota, razlikuju se slucajni, fakultativni i obligatni paraziti
(10). Slucajni parazit je onaj organizam koji inace zivi slobodno, a slu-
¢ajno, nasavsi domacina, postane parazit. Za njegov rast i razvice, doma-
¢in nije sustinski potreban (10). Fakultativni parazitizam podrazumeva
slucajeve kada parazitske vrste mogu Ziveti sa ili bez domac¢ina. Osnovna
razlika izmedu slucajnih i fakultativnih parazita jeste to Sto slucajni para-
ziti nisu specijalno prilagodeni na parazitski nacin Zivota i oni ne ubijaju
svog slu¢ajnog domacina, dok su fakultativni dobro osposobljeni da zive
parazitskim 1 slobodnim nac¢inom Zivota, nezavisno od domacina (10).
Semiparaziti su fakultativni paraziti koji uspesnije zive parazitski nego li
kao nezavisni organizmi (10). Obligatni paraziti su oni organizmi koji ne
mogu da prezive bez domacina (10). Prema mestu gde parazitiraju, paraziti
mogu biti ektoparaziti (parazitiraju na povrsini tela domacina) ili endopa-
raziti (parazitiraju unutar tela domacina — u krvi i drugim telesnim te¢no-
stima, organima, u anaerobnim uslovima i pri odsustvu svetlosti).

Slika 4: Ektoparazit Slika 5: Endoparazit

Paraziti imaju negativan uticaj na domacina — utic¢u na brojnost popu-
lacije vrste organizma kog parazitiraju, ali je i njihov zivot zavisan od sta-
nja populacije domacina. Ako nosilac biva polako oslabljen i unisten od
strane parazita tj. polako umire zbog njegovog rasta i razvica, takav orga-
nizam se uobicajeno naziva parazitoid (10). Parazitoidi su organizmi koji
se razvijaju na Stetu drugog organizma, ali za razliku od parazita, uvek
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Parasite Parasitoid Predator

“eats prey in units of less
than one" (E.O. Wilson)

.. kills Host,
and leaves
Part of Host
eaten’ by Parasite
Dead Host
/

» Prey (=Host)
F:araﬂtnld grows immediately
in or on Host ... killed, eaten

Host

Slika 6: Zivotni ciklus parazitoida

na kraju ubijaju svog domacina. U ekoloskom smislu, zauzimaju mesto
izmedu parazita i predatora, budu¢i da im je potreban domacin za opsta-
nak, a izazivaju njegovu smrt — kao predatori (11).

Termin parazitoid se uglavnom povezuje sa insektima, ali parazitoidi
mogu biti i gljive, biljke, crvi, ribe kao §to su slepulje i druge grupe Zivo-
tinja. Neke viruse mozemo takode opisati kao parazitoide buduéi da ubi-
jaju domacina, a takode dovode i do promena u ponasanju domacina (11).
Postoje primarni i sekundarni parazitoidi. Primarni parazitoidi su oni koji
parazitiraju na insektima koji zive slobodno — npr. biljne vasi. Sekundarni
parazitoidi, zapravo, parazitiraju na primarnom parazitoidu i ti organizmi
se nazivaju hiperparazitoidi. Ponekad, Zenke parazitoida ne mogu napra-
viti razliku izmedu ve¢ parazitiranog domacina i onog koji to nije. U tom
slucaju, ona ¢e poloziti jaje u parazitiranog domacina. Ta pojava se naziva
superparazitoidizam. Uobicajeno je da Zenka polaze samo jedno jaje po
domacinu, ali ukoliko polozi viSe jaja, govorimo o multiparazitoidizmu (12).
Parazitoidi ¢iji domacini prekidaju razvi¢e od trenutka parazitira-
nja nazivaju se idiobionti, a oni parazitoidi ¢iji domacini nastav-
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ljaju razvi¢e i posle parazitiranja, zovu se koinobionti (13).
Parazitoidi se mogu se naci u razli¢itim redovima holometabolnih inse-
kata: leptirima (Lepidoptera), tvrdokrilcima (Coleoptera), dvokrilcima
(Diptera), ali su najbrojniji (oko 80% svih parazitoida) u redu opnokri-
laca (Hymenoptera) pogotovo ose iz familija Ichneumonidae 1 Braconidae.
Pretpostavlja se da je parazitoidizam nastao zbog promena u
nacinu ishrane larvi pojedinih insekata. Na ovaj nacin, hrana
je bogatija proteinima i u isto vreme larve se razvijaju u sta-
bilnoj sredini, zastiCene od spoljasnjih uticaja i predatora (12).
Zrela zenka — imago aktivno trazi domacina pri ¢emu koristi svoja
cula kako bi odredila da li je domacdin odgovarajuce vrste, da li
je zarazen i kakav mu je imunski odgovor i da li postoji kompeti-
cija sa drugim larvama. Tek nakon provere, ona polaze jaja (12).

1.5 Zivotni ciklus parazitoidnih osa i interakcija sa biljnim vagima

Sve vrste Aphidiinae su solitarni koinobiontski parazitoidi ovipar-
nih i viviparnih lisnih vasi iz familije Aphididae. Osim jajeta, svi sta-
dijumi domacina pogodni su za parazitiranje, ali najve¢i broj pred-
stavnika potfamilije Aphidiinae polaze jaja u II i III larveni stupanj.
Razliciti bioticki i abioti¢ki faktori uticu na specificnost Aphidii-
nae prema svojim domacinima. Spektar domacina ogranicen je na
jedan ili nekoliko bliskih rodova (14). Razlikuju se pet tipova speci-
ficnosti parazitoida prema afidnim domacinima: 1) parazitiraju jednu
vrstu domacina (monofagne); 2) parazitiraju dve ili viSe vrsta doma-
¢ina iz istog roda (polifagne); 3) parazitiraju vrste iz dva ili viSe
rodova iste potfamilije; 4) parazitiraju vrste iz dve ili viSe potfamilije
u okviru iste familije 1 5) parazitiraju vrste iz dve ili vise familija (14).
Na antenama zenki Aphidiinae nalaze se hemoreceptori pomocu kojih pro-
nalaze domacine za parazitiranje. Jedinka, prvenstveno, pronalazi staniste
domacina preko biljke hraniteljke. Zatim zenka locira potencijalnog doma-
¢ina preko fizickih 1 hemijskih stimulusa. Antenama i legalicom ona vrSi
ispitivanje domacina, njegovog imunog sistema i prisustvo eventualnih sim-
bionata i drugih faktora (14). Pri ovipoziciji, zenka savija abdomen ispod
toraksa i zadnjim segmentom trbuha — legalicom, ubacuje jaje u domacina.
Nakon polaganja, dalji razvoj zavisi od podesnosti domacina (12). Jaje
zatim bubri i u telu domacina se razvija larva. Jos uvek nije utvrdeno kroz
koliko larvenih stupnjeva prolazi larva parazitoidnih osa — pretpostavka po
MacGill (15), kroz Cetiri, po Beirne (16) kroz pet, a O’Donnell (17) tvrdi da
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larva prolazi samo kroz tri stupnja. Ukoliko je doslo do oplodenja, iz jajeta
¢e se razviti nova Zenka, a ako je jaje ostalo neoplodeno, razvice se muzjak.
Larva prvog stupnja poseduje mandibule i hrani se slobodno teratoci-
tama. Drugi stupanj je bez mandibula, pa larva jednjakom usisava tera-
tocite (17). U trecem i kasnijim stupnjevima, larva se hrani direktnim
tkivom domacina. Na kraju ovog stadijuma, parazitoid fiksira biljnu
va$ za biljku svojim sekretima i oblaze hitinsku ljusturu vasi. Kuti-
kula vasi menja boju i prelazi u stadijum tzv. mumije (17). Sam pro-
ces se naziva mumifikacija biljne vasi. Boja i oblik mumije karakteri-
sti¢ni su i vazni pri determinaciji afidiina (18). Nakon zavrsnog razvoja
larve, parazitoidna osa gricka izletni otvor na mumiji kroz koji izlazi.
Jedinke Aphidiinae polno sazrevaju posle nekoliko sati od izlaska iz
mumije. Zenke se pare jednom i spermu ¢uvaju u spermatekama. Muz-
jaci se pare vise puta (17). Za ceo zivotni ciklus potrebno je dve do tri
nedelje, pri optimalnim uslovima. U povoljnim Zivotnim uslovima, ove
ose produkuju viSe generacija (4). Kada se desi da u toku sezone biljne
vasi promene biljku hraniteljku, vrlo je moguce da ¢e ih onda parazitirati
i druge vrste parazitoida, ali uglavnom, vasi ne migriraju, tako da su naj-
¢esce parazitirane samo od strane jedne vrste Aphidiinae (4).

Oviposition
4 instars of ﬁ: /
Adult parasite larvae \Tj
parasite development. - \-E‘é
Aphid alive.
Adult Aphid dies.
parasite Parasite pupates.
emerges Result is mummy
—

Slika 7: Zivotni ciklus parazitoidne ose
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Cilj istrazivanja

Intenzivnim istrazivanjem do sada je otkriveno oko 120 vrsta para-
zitoidnih osa iz 23 roda faune Aphidiinae Srbije (19). Srbija je, posle
Ceske, jedna od najbolje istrazenih prostora u Evropi za diverzitet para-
zitoidnih osa ove potfamilije (19). lako se Sira teritorija grada Nisa
stalno istrazuje, poslednjih 25 godina pronadene su dve vrlo retke vrste
— Paralipsis enervis Foerster 1 Aclitus obscuripennis Foerster (19).
Ciljevi ovog istrazivanja su sledeci:

1) Istraziti raznovrsnost parazitoidnih osa potfamilije Aphidiinae na
teritoriji grada Nisa;

2) Analizirati abundantnost parazitoidnih osa i biljnih vasi;

3) Prikazati najznacajnije vrste osa prema brojnosti i ucestalosti za
istrazivano podrucje,

4) Ukazati na vrste osa koje imaju potencijal u bioloskoj kontroli bilj-
nih vasi.

Materijal i metode
3.1 Oblast istrazivanja

Materijal za ovo istrazivanje prikupljen je u periodu od
pocetka maja do pocetka jula 2019. na S$iroj teritoriji grada Nisa.
Grad Nis je jedan od najstarijih gradova na Balkanu. Nalazi se u niskoj
kotlini uz us¢e Nisave u Juznu Moravu, na 43°19’ severne geografske Sirine
121°54" istocne geografske duzine. Zbog specificnosti geografskog polo-
Zaja, kroz istoriju je poznat kao ,,kapija istoka i zapada“ (21).

3.2 Sakupljanje i obrada uzoraka

Sledeci materijal koris¢en je za prikupljanje uzoraka:
1) makaze

2) providne plasticne ¢ase zapremine 0,5 1

3) gaza za zatvaranje Casa

4) elasti¢ne gumice

5) plasti¢ne tubice (Eppendorf)

6) 70% etanol

7) blok i olovka za zapisivanje podataka
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8) binokularna lupa
9) pinceta
10) kljucevi za determinaciju (24) (25) (26)

Na terenu gde je uocena zarazenost biljke hraniteljke vasima, makazama
je isecan deo biljke sa biljnim vasima. Nekoliko jedinki biljnih vasi je sa
svake biljke uzimano i stavljano u Eppendorf tubice, u kojima se nalazio
etanol, radi kasnije identifikacije. Biljni materijal sa vasima je stavljan u
plasti¢ne ¢ase, a zatim su ¢ase zatvarane gazama i gumicama. Sav mate-
rijal je odmabh etiketiran — etikete sadrze lokalitet, datum prikupljanja,
biljku hraniteljku i legatora. Po dolasku u laboratoriju, prikupljeni mate-
rijal determinisan je uz pomo¢ kljuceva za identifikaciju. Na temperaturi
od 22 °C, pri vlaznosti vazduha od 65%, uzorci su cuvani 4-6 nedelja. U
navedenom periodu, ukoliko su biljne vasi bile parazitirane, pracena je
pojava tj. izlazak adulta parazitoida iz mumificiranih biljnih vasi. Saku-
pljene jedinke osa su konzervirane u 70% etanolu, etiketirane i identifiko-
vane na osnovu kljuceva za determinaciju parazitoidnih osa (24) (25) (26).
Podaci o obradenom materijalu sortirani su i analizirani u programu Micro-
soft Excel 2010.

Rezultati i diskusija

Istrazivanjem ovog podrucja, analizirano je ukupno 38 biljnih vrsta na
kojima su se nalazile vece ili manje kolonije biljnih vasi. U Tabeli 1. pore-
dani su nazivi zarazenih biljaka po abecednom redu. Od ukupno 38 biljaka
sa teritorije grada NiSa, najviSe zarazenih biljaka bilo je iz familije Rosa-
ceae (9), a odmah posle nje familija Asteracea (7). (Grafik 1)

Najzastupljeniji rod bio je Prunus (u okviru familije Rosa-
ceae) sa 4 vrste — Prunus sp., P. armeniaca, P. cerasus, P. domestica.
Od 28 analiziranih vrsta biljnih vasi, parazitirano je 15 vrsta iz 5 rodova:
Aphis, Brachycaudus, Macrosiphum, Myzus 1 Uroleucon. (Tabela 2)

Najveci diverzitet je zabelezen u okviru roda Aphis sa ¢ak 10 vrsta
— A. fabae, A. euphorbiae, A. gossypii, A. hederae, A. salviae, A.
umbrella, A. urticata, Aphis sp. 1, Aphis sp. 2, Aphis sp. 3. (Grafik 2)
Aphis fabae je bila najfrekventnija vrsta u 7 uzoraka sa 30% uces¢a.
Obradom prikupljenih podataka o parazitoidnim osama, dobijeni su sle-
de¢i rezultati: na Siroj teritoriji grada Nisa zabelezeno je 10 vrsta parazito-
ida koje pripadaju potfamiliji Aphidiinae. Zabelezene vrste su iz 2 tribusa:
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Tabela 1: Spisak analiziranih biljaka

Adoxaceae Sambucus nigra
Apiacea Bifora radians, Apium graveolens, Eryngium campestre
Araliaceae Hedera helix
Carthamus lanatus, Centaurea sp., Crepis sp., Ono-
Asteraceae pordum acanthium, Silybum marianum, Tanacetum major,
Tragopogon major
Betulaceae Corylus avellana
Boraginaceae Anchusa officinalis, Echium vulgare
Euphorbiaceae  Euphorbia cyparissias
Fabaceae Medicago sativa
Lamiaceae Lamium purpureum, Mentha piperita, Salvia sp.
Lythraceae Lythrum salicaria
Malvaceae Hybiscus syriacus, Malva silvestris
Papaveraceae Fumaria officinalis, Papaver rhoeas
Polygonaceae Rumex sp.
Cydonia oblonga. Malus domestica. Prunus armeniaca.,
Rosaceae P. cerastus, P. domestica, Prunus sp., Pyrus sp., Rosa
canina, Rosa sp.
Rubiaceae Galium aparine
Urtiaceae Urtica dioica
Verbenaceae Viburnum lantana
10
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5
4
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2
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Grafik 1: Ucestalost vrste biljaka po familijama
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Tabela 2: Spisak analiziranih biljnih vasi (fam. Aphididac)

Aphis fabae, Aphis euphorbiae, Aphis gossypii,Aphis hede-
Aphis rae, Aphis salviae, Aphis umbrella, Aphis urticata, Aphis
sp.1, Aphis sp.2, Aphis sp.3
Brachycaudus Brachicaudus cardui

Macrosiphum Macrosiphum euphorbiae, Macrosiphum rosae
Myzus Myzus Iythri

Uroleucon Uroleucon cichorii
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Aphis Brachycaudus Macrosiphum Myzus Uroleucon

Grafik 2: Ucestalost vrste biljnih vasi po rodovima (fam. Aphididae)

Aphidiini (obuhvata rodove Aphidius, Binodoxys, Lipolexis i Lysiphle-
bus) i Praini (obuhvata rod Praon). (Tabela 3)

Najveci diverzitet pokazuje rod Aphidius sa 4 vrste: A. ervi, A. fune-
bris, A. matricariae i A. urticae. (Grafik 3)

Najvecu frekventnost u tritrofickim asocijacijama pokazao je rod Lysip-
hlebus sa vrstama L. fabarum i L. fritzmuelleri.

Herbivorija, parazitoidizam i predatorstvo predstavljaju vazne odnose
izmedu organizama, a od izuzetnog su znacaja za odrZavanje ravnoteze u
ekosistemima i predstavljaju biolosku kontrolu. Bilo kakav poremecaj u broj-
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Tabela 3: Spisak analiziranih parazitoida (potfam. Aphidiinae)

Rod Vrsta

Aphidius ervi, Aphidius funebris, Aphidius matrica-

Aphidi
pridius riae, Aphidius urticae

Binodoxys Binodoxys acalephae, Binodoxys angelicae

Lipolexis Lipolexis gracilis

Lysiphlebus Lysiphlebus fabarum, Lysiphlebus fritzmuelleri

Praon Praon sp.

5

4

3

2

D T T T T 1
Aphidius Binodoxys Lipolexis Lysiphlebus Praon

Grafik 3: Ucestalost vrste parazitoida po rodovima (potfam. Aphidiinae)

nosti neke od karika u lancu ishrane dovodi do narusavanja ove ravnoteze.
Biljne vasi su znacajan ekonomski ograncavajuci faktor u proizvodnji gaje-
nih biljaka. Steta koju izazivaju ove vasi moze biti direktna ili indirek-
tna (27). Direktna nastaje pri hranjenju biljnih vasi sokovima iz biljaka,
zbog Cega dolazi do uvijanja listova i1 drugih deformacija ili hloroze.
Indirektna Steta je posledica Sirenja virusa, gljiva i drugih patogena (27).
Usled pojave rezistentnosti biljnih vasi na insekticide, kao i negativ-
nog uticaja ovih supstanci na zdravlje ljudi i Zivotnu sredinu, posled-
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njih godina su intenzivirana istrazivanja biologije njihovih prirodnih
neprijatelja kao bioloskih kontrolnih agenata. Istrazivanjem doslo se do
zakljucka da u prirodnim ekosistemima njihovu brojnost vrlo efikasno
kontrolisu parazitoidi, pri ¢emu parazitoidne ose iz potfamilije Aphidiinae
imaju znacajnu ulogu u regulaciji prenamnozavanja ovih Steto¢ina (28).
Trenutno se ulazu veliki napori kako bi se parazitoidi koristili za kontrolu
brojnosti insekata Stetocina, te se u svetu komercijalno koristi preko 20
parazitoida protiv Stetocina u staklenicima. Vrsta Trioxys pallidus uspesno
se koristi za kontrolu leSnikove vasi (Myzocallis corily) (29). Za suzbi-
janje bananine vasi (Pentalonia nigronervosa), koristi se osa Ephedrus
cerasicola (29). Va$ Aphis gossypii ostecuje polja pamuka, pa se pribe-
glo njenoj kontroli vrstom Aphidius matricariae (29). Limunove vasi sa
Mediterana (Toxoptera aurantii i Aphis citricola) kontroliSu se vrstom
Lysiphlebus testaceipes (14). Za kontrolu vasi asparagusa (Brachycoryne-
lla asparagi), uspesno se upotrebljava vrsta Trioxys brevicornis (29).
Na osnovu mnogobrojnih prethodnih studija, bilo je o¢ekivano da se za
teritoriju grada NiSa, kao potencijalni bioloski agens u regulisanju broj-
nosti mnogih biljnih vasi, svakako moze uzeti vrsta Lysiphlebus faba-
rum. (Slika 8)

Ne treba zanemariti da se za kontrolu biljnih vasi mogu upotrebiti i pre-
datori, kao Sto su razne vrste bubamara (familija Coccinellidae) i drugi.

(Slika 9) Takode, entomofagne gljive mogu posluziti u kontroli biljnih
vasi, na primer vrsta Verticillium lecanii.

Slika 8: Parazitoid — Biljna vas — Biljka

18



L e,
Slika 9: Predator (bubamara)

Zakljucak

U toku ovog istrazivanja pronadeno je 10 vrsta (iz 5 rodova) parazi-
toidnih osa potfamilije Aphidiinae. Najve¢i diverzitet na teritoriji grada
Nisa pokazali su rodovi Aphidius i Lysiphlebus.

Najfrekventnija vrsta Lysiphlebus fabarum pronadena je na 10 vrsta
biljnih vasi. Medu biljnim vasima najzastupljeniji bio je rod Aphis sa
10 vrst Najvecu frekventnost pokazala je vrsta Aphis fabae na 12 vrsta
biljaka, pa se zbog toga moze okarakterisati kao najveca opasnost za
biljke ovog podruéja. Zbog visoke specificnosti prema domacinima, efi-
kasnosti u pronalazenju istih, kao i visoke reproduktivnosti, zaklju¢ak
je da ose iz potfamilije Aphidiinae, zajedno sa ostalim parazitoidima iz
familije Braconidae, imaju veliki potencijal kao indikatori bogatstava i
stabilnosti zivotne sredine. (Tabela 4)
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Tabela 4: Tritroficke asocijacije (Parazitoid — Biljna vas — Biljka hraniteljka)

Tribus Aphidiini
Aphidius ervi Macrosiphum euphorbiae ~ Fumaria officinalis
Aphidius funebris Uroleit:con cich:o:rii Crepis sp.

Aphis sp. 1 Lamium purpureum

Aphidius matricariae

Myzus Iythri

Lythrum salicaria

Aphidius urticae Macrosiphum euphorbiae  Euphorbia esula
- iy " Euphorbi
. Aphis euphorbiae “p o.r .za
Binodoxys acalephae cyparissias

Aphis urticata

Urtica dioica

Binodoxys angelicae Aphis hederae ) Hedera helix
Aphis}abae -  Galium aparine
Lipolexis gracilis Aphis glossypii Silybum marianum
Aphis sp.2 Viburnum lantana
. * Anchusa officinalis
Galium aparine
Aphis fabae Hybiscus syriacus

Lysiphlebus fabarum

Aphis salviae

Papaver rhoeas
Robinia sp.
Rumex sp.
Salvia sp.
Bifora radians

Aphis umbrella Malva silvestris
Brachycaudus cardui Echium vulgare
Lysiphlebus fritzmuelleri ~ Aphis ;p._? ) - Mentha piperita
Tribus Praini
Praon sp Macrosiphum rosae Rosa sp.
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DIVERSITY OF PARASITOID WASPS FROM THE SUBFAMILY
APHIDIINAE (HYMENOPTERA: BRACONIDAE) AND APHIDS
(HEMIPTERA: APHIDIDAE) ON THE TERRITORY OF THE
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Abstract

Introduction: Parasitoids are organisms that develop at the expense of another organism,
much like parasites, but they differ in the fact that they always kill their host at the end of
their development. Parasitoids can be found in different orders of holometabolous insects:
butterflies (Lepidoptera), beetles (Coleoptera), true flies (Diptera), but they are the most
numerous (about 80% of all parasitoids) in the order of insects containing bees, ants and
wasps (Hymenoptera), especially wasps from the families Ichneumonidae and Braconi-
dae. This paper analyzes the diversity of parasitoid wasps from the subfamily Aphidiinae
(Hymenoptera: Braconidae) with their hosts, aphids (Hemiptera: Aphididae) in the wider
territory of Nis.

Aim: Research the diversity of parasitoid wasps of the subfamily Aphidiinae in the City
of Nis; analyze the abundance of parasitoid wasps and aphids; present the most significant
types of wasps according to the number and frequency for the studied area; indicate the
types of wasps that have potential for biological control of aphids.

Material and Methods: The material was collected throughout the territory of Nis in the
period from May Ist to July 7th, and the obtained data on the extracted material were
sorted and processed in the Microsoft Excel 2010 software.

Results: During the research in the City of Nis, 28 species of aphids were collected, 15
of which were parasitized by parasitoid wasps from the Aphidiinae subfamily. The high-
est frequency among the parasitoid wasps was found to be the genus Lysiphlebus, while
the dominant genus among the aphids was Aphis. It was observed that the species Aphis
fabae is the most common pest of the plants in the researched field, while the species Ly-
siphlebus fabarum is a potential candidate for biological control of this species of aphids.
Conclusion: The obtained results present a significant contribution to the study of the
fauna of the braconid wasps from the subfamily Aphidiinae, as well as aphids in the area
of the City of Nis.

Keywords: parasitoids; Aphidiinae; aphids; Aphididae; Nis
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Caxerak

Kyarypuo naciselhe nompasymujeBa nobpa xoja cy Hacibel)eHa onf IpEeTXOMHHUX reHepa-
[I{ja WIN KOja HACTajy y CaJallibOCTH. IhuXoB 3Ha4aj M BPHjEIHOCT Cy BEOMa BaKHH U
300r TOra je moTpeOHO Ja ce 4yBajy, Kako cajga Tako M y HapeIHUM reHepanujama. OHa
yTUUy Ha MICHTHUTET ofpel)eHor Hacesba, peruje win apxkase. OBa nobpa Hajuenthe cy
MO/T PEXKMUMOM 3AIITUTE, UMajy CUMOOJIMYKY 3HA4aj y CBHjECTH JbYIHU, a Ca EKOHOMCKE
CTpaHe NPEeACTaBIbajy TYPUCTUYKHU IOTSHIMjal. MHOIITBO eleMeHara HUje IOJ| PeKH-
MOM 3aIlITHTE, ali Ce Hajla3e, IPOMOBHIITY M IITHTE KPO3 MOHYY JOKATHNAX U AP>KaBHUX
TYPHCTHYKUX OpPTraHHU3aLH]ja.

VY pany he 6utu npukasaH nperies eIeMeHaTa KyATypHOT Hacjbeha 3mMujama mpema aoc-
TYIHHUM TofanuMa. MetojaMa aHanus3e U CHHTe3e eBueHTHpahe ce nocrojehu enemeH-
TH, T€ HBUXO0BA 3aCTYIUBEHOCT Y aKTYyeJIHOj TyPUCTHYKO] MOHYAH TypHCTHYKE OpraHn3a-
muje bama Jlyka n Typuctnuke opranuzanuje Pemyommke Cpricke. AHaIN30M TpeHyTHE
TIOHY/IE ¥ TIPETVIEIOM IUIAHCKUX M CTPATEIIKUX JOKyMeHaTa y 00lacTi pa3Boja KynType u
Typu3Ma Ha HUBOY [ panga u PemyOmuke Cpricke, yrBpauhe ce miaHupaHe akTHBHOCTH Ha
MPOMOIHjU KyJITYpHOT Hacsbeha 3mujama.

[TnanupameM npoMoLyje eleMeHaTa KylTypHor Hacjbeha 3MHjarba, HBUXOBUM MOBE3H-
BambEM Ca JPYTHM TYPUCTHUYKHM ITOTEHIMjaJuMa OBOT IIPOCTOPa, Kao U AaBameM CMjep-
HUNA 3a Behy TypHCTHUYKY IIPENO3HATIFUBOCT, OTBAapajy ce HOBe MoryhHoCTH 3a pa3Boj
KyatypHor iuka bame Jlyke u Perry6muke Cpricke.

Kipyune pujeun: KyarypHo Hacibehe; 3Mujame; TypuszaMm; TYpUCTHYKE OpraHU3aIMje;
CTpATELIKH U MIIAaHCKU JOKYMEHTHU
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YBOJI

Kynrypa kao xareropuja je KapakKTepHUCTHIHA 32 CBAKY 3ajCTHUILY UITH
TI0je/INHIIA, a BPUjEAHOCTH KOje Cy O3Ha4deHe Kao KyJITypHO Hacibehe y
CB0jOj (OpPMH Cy HAJBUTAITHH]H O TYPUCTHYKE TIOHY/IE jeTHOT PETHOHA.
CBaky pernoH uMa HEeUITo 10 YeMy je crnenuduyan u To Tpeda mpen-
CTaBUTHU Ha HajO0JbH HauuH. OBO MOCEOHO BaXKU 32 PETHOHE Y Pa3Bojy,
IJje cy Opyrd pecypcu OrpaHH4YeHH W KYJITYpHO Hacibehe ce mocmarpa
Kao pecypc Koju Moxe aa Oyiae UMITYIIC 3a TaJbH pa3Boj. [lojam Hacipehe
(TIpUpoHO M KYATYPHO) C€ OJHOCH Ha OHO IITO je HacsbeheHo of mpe-
TXOIHUX TeHepalyja 1 ITO OCTaje HapeAHUM reHepanujama. Carnena-
BameM MPHUPOIHOT U KYATYPHOT Haclbeha, cTBapajy ce MmoryhHocTH na
ce eJIEMEHTH U3 TPOLIOCTH PEeNpe3eHTyjy y cagammocTu. [Ipema Tome,
Moke ce pehu na: ,,KyntypHo Hacsbele moapasymujeBa Hacibehe puszmny-
KX, MaTepHjaTHuX apTredakara 1 HeMaTepHjaTHUX aTpuOyTa HEKe rpyIe
WM IPYIITBA KOjé YNHU OCTABIITHHY MPOIIINX F'eHepaIija, Te ce OprKHO
4YyBa y CaJallllbOCTH Kako Ou OMII0 ocTaBibeHO y Hacbehe 3a 1oOpoouT
Oynyhum renepanujama. OBa 100pa Hajuenthe cy moa pexXKUMOM 3alITUTE,
nMajy CUMOOJIMYKH 3Ha4aj y CBUjECTH JbY/IH, a ca EKOHOMCKE CTpaHe Ipe-
CTaBJbajy TypucTHuku noteHujan. (1, crp. 428) KyntypHo Hacibehe ce
QIMjeJTH Ha JIBHj€ KaTeropyje: MaTepHjaTHo U HeMaTepHjaaHo. MaTepujaiHo
Hacibehe oOyxBara cBe OHO IITO je BHIJHHBO TOJIMM OKOM, OTTUIIJBUBO,
HAaIpaBJbEHO OJ] CTPAHE YOBjeKa, U JIMjENIN Ce Ha MOKPETHO U HETIOKPETHO.
[Mpema pu3NUKUM, YMjETHUYKUAM, KYJATYPHUM, HAyYHHM U UCTOPH)jCKHM
CBOjCTBHMa, Y HEMOKpETHA KyATypHa A00pa crajnajy CIOMEHULU KyII-
Type, IPOCTOPHE KYJITYPHO-UCTOPH]jCKE I[jeIMHE, apXeOoyIoIlKa Hala3HIIITa,
3HAMEHHWTA MjecTa, a MOKpPeTHA KyATypHA J00pa Cy: YMjeTHHYKA Jjena U
WCTOPHjCKH TIPEMETH, apXxuBcka rpala, puimcka rpaha, crapa u pujeTka
kmura. (2) HemarepujamHo kynTypHO Hacsbel)e 03HauaBa mpakce, Mmpu-
Kase, u3pase, 3Hame, BjCIITHHE, Kao 1 3a IbHUX Be3aHe HHCTPYMEHTE, TIPe/-
MeTe, apTedakTe U KyITypHe IPOCTope, Koje 3ajeAHULIe, IPYIIE U, Y HEKUM
CllyuyajeBHMa, 110jeIMHIH, TPU3HAjJy Kao MO CBOT KYJITYPHOT HacJbeha, a
UCTI0JbaBa ce y cibeiehiM ToMeHnMa: ycMeHe TpaJuiiije U H3pakaBarba,
YKJbY4yjyhn je3uk xkao mokpeTad HeMaTepHjaTHOT KyJITypHOT Hacsbeha;
U3BOhauke yMjeTHOCTH; IPYIITBEHE MPpaKce, PUTYAIIH ¥ CBeYaH! jorahaju;
3HAKE U MPaKce Be3aHU 32 NPUPOLY U CBEMHP; TPAAULIUOHAIHHI 3aHATH.
(3, cTp. 26—27)

Hocra enemeHara Koje JaHac IToCMaTpaMo Kao KyJATYpHO Hacbele,
y NPOIIUIOCTH HUCY MMAJIH TaKaB cTaTyc. Hekn cBojy BpUjeIHOCT U 3Ha4a]
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npenoce Beh reHeparjamMa, a HeKd ¢y UX BpeMeHOM u3ryousu. [Topen
TOTa, MHOIITBO €JIeMeHaTa KyJITypHOT HacJbelha, KOju HUCY O]l U3y3eT-
HOT 3Hauaja, He Hajla3e Ce MOJ PSKUMOM 3AIITUTE, allH Ce Kao KyATypHa
100pa JIOKAIHOT 3Ha4aja MPOMOBHIIY KPO3 HOHY/IY AP)KaBHE M JIOKaTHUX
TYPUCTHYKUX OpraHu3aIuja.

KVITYPHU TYPU3AM

Jenan ox mpBHUX (GOPMH TYpUCTHUKHUX KpeTama je KyITypPHU TypH-
3aM. tberos mouerak ce Besyje 3a cpenuny 18. BHjeka, Kaga je IpBO
SHIJIECKa, a 3aTHM M (paHIlycKa M HheMadKa apuCTOKpaTHja MPaKTHKO-
Basa ,,rpaHAToyp , Kao MOTYhHOCT y)KUBamka y OCTBApCHUMA y UCTOPHjH
YMjETHOCTH Hajuernthe y BeTHKHM €BPOIICKHM I'paJoBHMa MOmyT Pruma,
Jlonnona, [lapuza, Manpuna, AMcrepaama... Y 1o0a mpocCBjeTUTEIbCTBA,
WHTEH3MBHPAjy ce€ MyTOBama C HAaMjepOM YIO3HaBamba Hapoaa, KyJaTypa
1 HETIO3HATHUX M HEHCTPAKEHUX MjecTa, Ma ,,[paHATOyp  mpecTaje OuTH
MOBJIAIITeHA TIPaKca CHIVISCKUX IuieMuha, Beh JjetMMUu4HO U J00poc-
tojehnx rpahanckux kiaca. ,,lek moueTkoM 20. BUjeKa, CMambCHEM pajl-
HOT BpeMeHa U yBOhemeM TOMUIITHUX OIMOpa CTBApajy Ce YCIOBH KOjU
he Typuzam npeoOparutn y (heHOMEH KOjU JaHAC MO3HajeMo. (4, cTp.
71—74). [lanac, kaja ce rOBOpPH O KyJITYPHOM TypHU3MY, TOBOPHU C€ O BUIY
Typu3Ma nocBeheHOM Npe3eHTOBabY U MPOMOBHCAY KYITYPHUX BpHje.-
Hoctu. Kao mro ce Mujermao KOHILENT KyATYpHOT TypU3Ma, TaKko Cy ce
MUjemale U kberose Jegunaunmje. Jeana ox HajunpuxpaheHujux aeuHu-
IIMja je oHa Kojy je mao I'per Puuapsc, a mpema ko0joj KyITypHH TypH3aM
03Ha4aBa KpeTame JbYIH, KOje je y3POKOBAaHO KyJATYPHUM aTpaklujama,
W3BaH BUXOBOT yOOMUYajeHOT MjecTa CTaHOBamba, Ca HAMjepOM CaKyIlJbarba
HOBHX MH(opManyrja U UCKyCTaBa Kako O 3aJ0BOJHIIM CBOj€ KyITypHE
norpebde (5, ctp. 17). Cejercka Typuctruka opranusaija (World Tourism
Organization — UNWTO) kynrypau Typu3am je(UHHIIE Ka0 MyTOBamka
MOTHBHCAHA KyJITYPOM IOITYT CTYAM]CKHUX, U3BO)aUKUX U KYJITYPHHX Typa,
ITyTOBama Ha (pecThBalIe U CITMYHA Joral)ama, MocjeTe HCTOPHjCKUM JIOKa-
JUTETUMA, ¥ CIIOMCHULIUMA, ITyTOBaba IMPUIKKOM KOjUX OH ce mpoyya-
Basia npupoza, GOoJIKIOp HWIN yMjeTHOCT Te Xopoyamtha (6). Y Espomnu ce
Hajuenrhe mpuMjemyje ABOCTpYKa AepUHUIMja YIpYKemha 3a TypUu3aM
TypucTHUYKO 00pa3zoBame (Association for Tourism and Leisure Education
— ATLAS) xoje ipoBOIY HCTpaKUBarba y MOAPYYjYy KYATYPHOT TypH3Ma.
[Ipema TexHNYKO] NeUHNULIU]H, KyATypHa TypUCTHYKA [TyTOBAMka Cy CBa
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MyTOBAaba KOja YKJbYUYjy MocjeTe cieuupuuHiM KyITYpHUM aTpakLujama,
01 ICTOPHjCKHUX JIOKAIUTETA, IPEKO YMjEeTHUUKUX U KYATYpHHX MaHupec-
TalMja, 10 Mocjera My3ejuMa 1 IO30pHUILITHMA, OCTBAPESHUM H3BaH MjecTa
craiHor OopaBka. KoHnenryanta nepuHANNja YKIBYyIYj€ MOTHBAITMOHE U
JO’KMBJbAJHE €IEMEHTE, 1a TaKo Je(UHHIIe TypH3aM Kao CBa ITyTOBamba
KOja YKJbYUyjy MOCjeTe KyATYpHHM arpakiiijaMa W3BaH CTAITHOT MjecTa
OopaBKa ¢ IMJbEM CTHLAa HOBUX 3HAba M I0XKHMBJbaja KOja 3a70BOJbaBajy
KyATypHe notpebe nojeaunna (7).

Jedunuimje KyITypHOT Typu3Ma Harjamasajy NOTSHIINjaIHy CBPXY
aKTUBHOCTH, a ICTOBPEMEHO yKa3yjy Ha IpoOiieMe y IToCTaBJbamy Hnapa-
MeTapa Koju ofipelyyjy 1mira je 3anpaBo KynTypHH Typu3am. OBaj Typu3am
je mocTao KPOBHH TEPMHUH 3a IIUPOK PACIIOH AKTUBHOCTH, KOj€ YKIBYUY]Y
HUCTOPHjCKH, CTHUYKH, YMjETHUYKH, MY3€jCKH U OCTaJIe BPCTE TypHU3Ma
(8, cTp. 51).

YTULAJ KYJITYPE HA PA3BBOJ PETHOHA

CBaka 3eMJba M PErHOH je Jy»Ha Jia 00e30uje/in HOBall KOju 01 ce
MHBECTHPAO 32 HUXOB pa3Boj. HapounTo xox HEIOBOJFHO Pa3BHjeHNX M
PYpaNHUX TONIPYYja, yCIbe ] HeTIoCTojama ofpeeHnx pecypca 3a pas3Boj,
pas3BojeM KylType mo0oJblIaBa ce CIMKa peruoHa, CTayC M CTBapajy ce
HOBe (DyHKLHje, a TaBHY YJOTY Y CBEMY TOME UMajy €JIEMEHTH KYJIType
KOjU CTBapajy pernoHaIHd UMHIl U KOPUCTE C€ YIIPaBO 3a MPOMOBHUCAHE
peruona. [Ipeko ekoHOMCKe BaJlopu3alyje, KyJITypa Moxe jaa Oyzie cra-
BJbeHA Y QYHKITH]Y pa3Boja pernoHa. [locToju Bumre pazmuautux Moryh-
HOCTH JIa c€ TO OCTBapH, ajii HajOOJbH je MPEKO CTaBJbara KyJATypHHUX
pecypca y gyHkuujy typusma. Ha taj Haunn ce 06e30jelyje na ce kynrypa
U Typu3aM cTaBe y GpyHKuujy Behe IpuBIaYHOCTH 32 TYPUCTE U CTBAPajy
KOHKYPEHIIN]Y Ha TPKUIITY.

I'EOI'PA®CKH IIOJIOKAJ 3SMUJAIBA

Ob6nacT 3Mujame ce Halla3| y 3amagHoM aujeny Pemyommke Cpricke,
OITHOCHO Y CjeBepo3aragHoM aujenry bocHe n XeprieroBunae. Y mepruomy
IIOCTOjaha aAMUHUCTPATHBHO-TEPUTOPHUjAITHE jeIUHUIIE, YECTO je
mujemwano rpanuue. [Ipuje qonacka Typcke BracTi, 3MHjambe je MOCTojano
Kao OocaHCKa Kyra 3eMJbaHuK, a 38 BpHjeMe TypCKe BilaJaBuHe, 3MHjarbe
je opraHu3oBaHO Kao Haxuja. Jlanac rpanuie 3Mujama MpencTaBibajy
pujexe Cana u Bpbac, Ha HCTOKY 1 3amany, a Ha CjeBepy AM]jeJIOM JIOTIHpe
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no bame Jlyke, a na jyry 1o Mprowuh ['pana. To je 3mujame y mmpem
CMUCIIy pHjeuH, JOK ce Y)KH 1ojaM 3MHjamka orpaHuYaBa Ha TOApyYje
cena Kanguna Boyna — Yahaswunia, ca nokananm nearpuma y Crpuunhima n
Curaunu. [Toapydje 3mujama o0yxsara cibeseha cena: CutHuna, [opme
ParxoBo, [lome ParkoBo, Ctpaxwuie, Cokomnoso, JyjakoBun, Jlycuhu,
JlokBapu, Ctpuunhu. /lejToHCKMM cropa3symMoMm u3 HoBeMOpa 1995.
roauHe, 3Mujame je MocTano rpaHnnyHa oonact Pemmybnuke Cpricke npema
Oenepannju bocue n Xepuerosusne. (9, ctp. 5)
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[TpBu nonucu o cCTaHOBHUILTBY 3MHUjama ypalheHu mouerkom 19. Bujeka,
MoKasyjy /a je 3Mujambe OAyBHjeK HaceshbaBaslo CPIICKO CTAHOBHUIITBO,
npaBociaBHe Bjepe. [Ipen kpaj 19. Bujeka, 3Mujame je OUI0 peIaTUBHO
cnabo HaceJbeH Kpaj, a KpajeM mesaeceTux roguHa 20. BHjeka, 3axBaTa
ra CHa)kKaH IpOoIleC ncesbaBama. [IITaHCKH Cy UceJbeHa caMo cella jeJHOT
nujena 3mujama ([Joopmwa, Bunycu, Pagmanuhu), 1ok cy cena nenTpai-
HOT Jujena 3Mujama ncejbaBaHa CTUXUjCKH, MPETEKHO HA TEPUTOPH]Y
bauke, banara, Cpema u CnaBonuje e y okonuny bame Jlyke u y JlujeBue
noJbe. ParHu cykoOm u pacraz OuBiie apxkase JyrociaBuje y3poKoBaju
Cy IOJaTHO ucesbaBame. CpyleHe cy u cnajbeHe Kyhe, 00jekTH, IpKBe U
IITKOJIE ¥ TO j€ OCHOBHH PA3JIor 300T KOjer ce HakoH [lejTOHCKOT criopazyma
Ha CBOja UMara BPaTUjIo BEoMa Mallo CTaHOBHHIITBA. (9, cTp. 556)

MATEPUJAJIN 1 METOJE

VY pany he npumMjeHOM MeToJe NECKPUIIHje OUTH MTPHUKa3aH Mperiesn
noctojehux enemeHara KyiTypHor Hacibeha 3mujamba. MeTozoM KoMIia-
pauuje, eBuneHTrpahe ce TYpUCTHYKA TIOHY/IA TPUKA3aHUX elIeMeHaTa Ha
WHTEpPHET cTpaHuiama Typuctuuke opranm3aiuje Pemyomnke Cprcke,
Typuctuuke opranuszanuje bama Jlyka u TypucTuuke opranusaiiyje rpajia
[pujenopa. AHAIU30M CTpATEIIKE U IUTAHCKE TOKYMCHTAIIMjE Ha JIOKAJ-
HOM M €HTHTETCKOM HHBOY, yTBpAuNe ce IIaHupaHe NepCcueKTHBE Pa3Boja
KyJITypHHX eJleMeHara 3Mujama. MeToama aHanuse 1 cuHTe3e yTBpauhe
ce YKYIIHO CTame, T¢ J]aTH CMjepHHUIIC 32 Pa3BOj TYPHCTHUKE MTOHY/C Ha
0a3u KyATypHUX canpkaja 3Mujama.

EJIEMEHTHU KVITYPHOI' HACJbEDBA 3MUJAIBA

Enementn kyiatypHor Hacibeha 4uHE qPyImTBEHO OOTaTCTBO jeTHOT
peruoHa, a 3MHjame UM CBakako obuiyje. Mako je mpBa acouujanyja Ha
OBy 00JIaCcT Halll MO3HATH IjeCHUK, nrcal u nonutryap Ilerap Kouuh, te
Kouwuhes 300p, Tpaaunnonanta manudecraiuja noceheHa memy, y pamy
he OuTH onMcaHu U APYTH €IEMEHTH KyJITypHOT Hacjbeha o kojux ce Kao
HajcTapyju U3aBajajy crehin mpornamenn HallmOHATHAM CITOMEHUKOM,
a kao Hajwiahu 3MUjalCKU Be3 — €JIEMEHT HEMaTepHjaTHOT KyJATYPHOT
Hacsbeha bocne n Xepuerosune esuaentupan Ha Y HECKO-Boj CBjeTckoj
JIUCTH.

Hexkporona ca crehiuma y 3aceoky Monome u [IpaBociiaBHO rpo0Jbe
Ha Crpaxbennnu y ceny Llpusao Ha J{obopumu (bama Jlyka), mpencra-
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BJbAjy HajcTapuju €JIEMEHT KyITypHOT Hacibela Ha 3Mujamy, NporameH
HaroHaTHUM criomennkoM 2007. rogune (10). YnHe Ta cpemoBjeKoBHA
HEKpoIIoJia ca cefiam crehaka 1 mpaBoCclaBHO Ipo0Jbe CjeBEPHO OJ1 HEKPO-
nonie. Ha rpo6sby mocToje Tpu BpeTe HaArpoOHUX CIIOMEHHUKA, O] KOjUX CY
HajCcTapyuju KPCTOBH PA3IMUYUTUX BEJINYNHA, UCKICCAHU Y CEIPH U MeC-
HOM, IIyIIJBUKaBOM CHBOM KaMeHy. buxoBy crapocT Huje Moryhe TauHo
YTBP/MTH, aJI BjepOBATHO NPUIIAIajy CTAHOBHHUIITBY O 17. 10 mOYeTKa
19. Bujeka. JIpyry ckynuHy 4nHe HaArpoOHH CIIOMEHUIH Y OOJIUKY I1104a,
HacTaiu npuje [Ipyror cBeTckor para, 0K ¢y Hajmiiahi CioMeHHITN HaC-
Tau nociuje para, TokoM 40-ux un 50-ux roguna 20. Bujeka. (10)

Ha npoctopy 3mujama, kKao eneMeHTH KyATypHOT HacJbeha m3nBojeHa
Cy ¥ TPY MaHACTHPA, 3Ha4ajHa 33 PEIUTHjCKY MIPAKCy CTAHOBHHUILTBA OBOT
Kpaja, ajli U JIeCTHHALMje MOTCHINjaJIHO 3aHUMJbUBE 32 Pa3BOj peiH-
T'HjCKOT TypH3Ma.

Hpesuu manactup Kpymna nanasu ce y Mjecty Kpyna Ha Bpbacy
Henaneko ox bame Jlyke. Y Onu3wHE MaHACTHUPCKE IIPKBE cBETOT Unje
Hauasu ce pjeuntia Kpyrma, Ha K0joj ce Hanase qpBEeHH MIMHOBH U3 HAPOJIHE
ApXUTEKTYype KOjH JIOJIaTHO YJhENIaBajy oBaj nej3ax. L[pkBa ce Hamasu
Ha TeMmesbuMa u3 13. BUjeka Ha Hekpononu ca crehiuma. O LpKBHU HUjE
010 HUKAKBUX MTMCAHUX Tparora o 18. Bujeka, a CBOjy 0OHOBY LIPKBa je
noxusjena 1889. roqune, 3a 100a aycrpoyrapceke Biactd. (11) [ToueTkom
Hpyror cBjeTckor para, 1941. ronune, xpaMm je 6mo 3amajbeH, Kaaa cy
W3TOpjeiy ¥ MaHACTHUPCKH KOHAIM, a HEKO BPHjEME je CITy’KHO 0CII000-
JUoIMa Kao OyHKEp U MHTPaJbeCKO THHjE370. XpaM je 0OHOBJbeH 1964.
roauHe, a 3aBoj 3a 3alITUTY CIIOMEHHUKa Kyntype bocue n Xepuerosune
ra je 1970. roqune npornacuo Kyatypaum noopom. (11; 12, crp. 68—69)

VY onuzunn Manactupa Kpyna, Hanasu ce npkBa OpBHapa Koja ImoTH4e
n3 mpBe nmojgoBuHe 18. BHjeka. O Tpaamy MPKBE MTOCTOje ABA HAPOIHA
BjepoBama. [Ipema npBom, Typuu cy ogpenunu a ce IpKBa MOAUTHE HA
nokanuteTy CriacoBHHE, aJli Cy MjeIlTaHH IpeKo Hohu npenujenu rpahy
Ha JaHallkbe MjecTo, 1a ¢y jaBuin Typuuma Ja je npkBa npenuia (npene-
mjena), a o Apyrom, Typiu cy OpaHIIIU Jia Ce ITOJUTHE XpaMm, aju je Oer
Hymummh 10380110 CBOjUM KMETOBHMA JIa T'a HAIIPABE M YaK je Jao yKare
3a rpammy. LpkBa mocjenyje u jemny pujeTKOCT — jeBaHleJbe IMTaMITaHo Y
Mocxksu 1778. rogune. (13, ctp. 75—77) On 2012. roguHe, mporiameHa
je HarrmoHaTHUM crioMeHuKoM bocHe u Xepiierosuse. (14)

Hanx manactupom y Kpynu nzamke ce jo jeqa elneMeHT KyITypHOT
HacJbeha, a uMHe Ta OCTallM CPellOBjeKOBHOT yTBpheHoT rpana [pedeH,
cacTaBJbEHU M3 TPH CTENEHacTo rnopenana aujena. OBaj rpaj ce npBU MyT
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noMHume y u3Bopuma 1192. ronune, a notom 1322. u 1346. rogune. vV 14.
BHjeKy, [ pedeH je 6uo y nocjeny dheynanne rocrnone Xpearunuha, Koju ra
je mpeyseo on Yrapcke. ['pan je crpasao npuiIiMKkoM maja Jajauke OaHOBUHE
ron Typke 1527—1528. roquHe v YMHM Ce 1a je ¥ TIEpUOIy TypCKe yIpaBe
rpan HamymreH. CBa TpH eleMeHTa KyJITypHOT Hacibeha eBUIeHTHpaHa
Ha teputopuju Kpyne na Bpbacy TpeHyTHO ce Hanase Ha [IpuBpemeHo]
JINCTU HAIlMOHANHUX cioMeHuka bocue u Xepiuerosune (15).

IlpkBa OpBHapa noceehena Ba3necewy XpHUCTOBOM Hajasu ce y
Kosnmma, necerak kuomerapa jyrosamaHo o1 bame Jlyke. Carpaljena je y
18. Bujeky. [Ipema HapomHOM IIpeamy, OBa IPKBA je carpal)eHa Ha JTOKaIH-
TeTy Manbouda, aiu je caM JIOKaIUTET IPKBE MpeMjemmTeH y bpanunosire,
y 3aceoky Tpy0ajuhn y Kommma. [Tpema npenamy, pasior npeMjerirama je
010 CTaJIHO CKpHaBJbEHHE O cTpaHe Typaka, ra cy je ceJbaHu OBOT MjecTa
MPEMjeCTHIIH TOKOM jeHe HOhM Ha JaHalIby JIOKAIH]y, TOK Cy TaJIalliheM
narm Kao o0pas3iokKemhe PEeKIId Ja je PKBa cama mpenuia (nperemjena).
Haxo je 1983. ronune pal)ena oOHOBa jeHOT nHjera MpKBe, OHa je Behum
JTUjeTIOM 3aJIpyKajia CBOj MPBOOUTHU OONIMK. Y IPKBU Ce UyBajy WKOHE
ceror Ilerpa u [laBna u3 19. Bujexa u OynIMMCKO M3Jamke CIyKOaHUKA
u3 1825. ronune y kojem noctoju 3anuc I epacuma Kounha, rommonnykor
MoHaxa, u oua [lerpa Kouunha. (13, ctp. 77—78). HaumoHamaum criome-
HukoM bocHe n Xepruerosune nporiamieHa je 2009. rogune (16).

Manactup ['omuonunia Hamasu ce 42 KjioMeTpa 3amaaao o bame
Jlyke, y cemy Kmehanu. Mctopujcku n3BOpH CITIOMUEY MaHACTHD 3aITyKje
KOjH je TocTojao y mepuoay mo 1536. ronuHe u nipereya je [omuonute.
Hajcrapuju cauyBanu apredaxt ManacTupa je Tunuk [omuonuue u3 1599.
roJIMHE, KOja ce JaHac yyBa y OMOIMoTenu enapxuje y Apany y Pymynuju.
ManacTHpCKH KOMIIIEKC C€ CacTojH O IPKBE MocBeheHe ouyBamy boro-
poxuIe, cTapor ¥ HOBOT KOHAKa, CTape Orpajie, 4eCMe M CTapor CE0CKOT
rpo6spa. [ maBHa MaHacTHpCKa IPKBa je OCIHuKaHa (peckama H3y3eTHe
BpHjeqHOCTH. PU3HMIIa MaHAcTHpa nMa 3Ha4ajHe 30MpKe MKOHA, PYKO-
MUca, CTapux KIbUTa U 3aHaTCKUX MPEIMETa, & U3y3€THO Cy BPHjCOHE U
TOMHOHHUYKE [apcKe JiBepH u3 18. BUjeka u npBopesdapeHu kpet u3 17.
Bujeka. [loceban 3Havaj u HajBehy BpujenHocT nMa ukona [Ipecsere boro-
pomutie Ogurutpuje ¢ kpaja 15. u moderka 16. Bujexa. Ox 1882. rogume,
Y MaHacTUPY je OTBOpPEHA IIKOoJIa, KOjy je Tmoxalao 4yBeHU KHIKEBHHUK
[Merap Kounh. Hheros orar, cBemreHrK, a KACHHjE€ U MOHAX, CaXpambeH
j€ Ha MaHacTUPCKOM TpoOJby. Jlanac je ['oMHOHMIIA )KEHCKHU MaHACTUP
KOj€ YNHH CECTPHHCTBO O 12 MOHaXuba Koje yNnpaBibajy MaHACTHPCKOM
exoHoMHjoM, a 2006. ToiMHe, MAaHACTHUD je TPOTIIANICH HAIIHOHAIHUM CII0-
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MenukoMm bocue u Xepuerosusre. (17, 18)

Manactup Knucuna ce nanasu y ceny HumraBuu, 15 kM jy:kHO 07
Hpujenopa. Manactup je nocseheH CBETO] BEIMKOMYUYCHUIIW MapuHu
(Ormena Mapwuna). HaponHo npename cadyBaio je yCIIOMEHY Ha Iopy-
IIIeHn MaHACTHP, KOjH je 1o ceeMy cyaehn 6mo nmoceehen Cperemy loc-
noameM, HasuBajyhu manactupuiure Kimcuna, o rpuke pujedn ,,exie-
cuja’, IWTo 3Ha4YM LUpKBa. [Ipunnkom Komama TeMesba 3a CaJallbu XpaM,
npoHalyenu cy Temesbu crape 1pkse. [locienmma 1pkea 3anabeHa je 1942,
TOJIMHE U TaJla Cy BJEPHUIIM TaJHO CITyCTHJIM 3BOHO y pujeky Cany. 1o
3aBpmieTky pyror CBjeTcKor para, Ha NPKBUIITY j& MMOAWTHYT IPBEHU
3BOHUK W Ha HEera je ToCTaBJheHO 3BOHO. [Ipunnkom ocBehema HOBE
pkBe, 1993. rogune, y3 Xpam je NOAUTHYT KOHaK u 1998. roguue, Xpam
je mporaieH MaHacTUpoM. Manactup ce Hanasu Ha [IpuBpemenoj nuctu
HaIMOHAIHUX crloMeHuKa bocHe n XeplieroBuHe U TPEHYTHO HUj€ HU MOJ
KaKBUM pEeXUMOM 3amTuTe. (19)

HaxoH eBHIeHTHpama eleMeHaTa HEHOKPETHOT KyITYpHOT Hacibeha,
eBuJieHTHpaheMo 1 elTleMeHTe KOji C€ MOTY CBPCTaTH Y HEMAaTepHjaTHO
HacJbehe 071 KojuX ce Kao JOKaJHO Haj3HauajHuju n3aBaja Kounhes 300p,
TpaJMLIMOHAJIHA KYITypHa MaHu]ecTauja nocseheHa KibmkeBHUKY [leTpy
Kouuhy, koja ce ox 1965. ronune onpkaBa y Moc/beAmb0j CEIAMUIN Mje-
cella aBrycra Ha Bule Jiokanyja y bawoj Jlymu, beorpany 1 Kounhepum
ponuuM Ctpuunhmuma. KoHrenT MarudecTaiije ce BpeMEHOM MHjeHhao,
ATy Cy CBa JIeIIaBamba y HEMOCPEIHO] BE3H Ca UMEHOM U JIjeJIOM BEJIUKOT
HapoaHoT TpuOyHa u mjecHrka [lerpa Kounha u 00yxBatajy yMjeTHUYKO
U KIHKEBHO CTBapaslalliTBO 3MUjama. LleHTpanna fnemaBama y OKBUPY
Kouuhesor 300pa onpkaBajy ce y 3amy cyOOTy U HEJ[jeby Y aBI'YCTY y
Crpuuuhinma. M3nox06a qomMahux ®KUBOTHbA, TAKMHUCHE Y U3BOHCHY
ojkaJa, HaIMETamke Y HAPOAHUM BjeIITHHAMA U CIIOPTOBUMA, Te 6opOe
OuKkoBa 3a Harpany ,,Jabnman™ cy mporpaMu Koju IMPUBYKY HajBHUIIIE TTOC]ETH-
naua. Manudecranuja je nporpaheHa BeIMKMM HapogHUM 300poM y Ctpu-
yuhuma koju nocjetu ox 40.000 mo 50.000 Jbyau U3 cBUX KpajeBa OuBIIE
JyrocnaBuje. Y npuiior 3Ha4ajy oBe MaHH(eCTallje, TOBOPE U YHEHCHULIE
na je Kounher 300p yBpuiTeH y kKaneHaap KyJaTypHUX MaHudecranmja
bame Jlyke, Te na je mox mokpoBuTe/LCTBOM Bitane Pemybmmke Cpricke.

3a nmotpedbe manudecranuje Kounhes 300p, 2013. rogune y Ctpu-
yuhuma je carpaleno ,,KounheBo ormumre koje YuHU HeT o0jekara
(poana xyha Ilerpa Kounha, nBonujenna qunapcka OpBHapa, ABHje 3rpa-
JUIe U am0ap), KapaKTepUCTUIHUX 3a kpaj 19. u mouerak 20. Bujeka
KOjU Cy Cca OKOJIHUX JIOKalHja MpeOdayeHn Ha MjeCTO Ha KOjeM je HeKaja
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nocrojana pogua kyha [lerpa Kounha. ¥V capanmu ca My3sejom PemyOnuke
Cpricke, ayTeHTHYHUM My3ejckuM npeametuma 2018. [ogune, ypehena je
nBojMjenHa OpBHapa, a 2019. roguHe jenHa 3rpajuiia, a y IiaHy je 1abe
ompeMame o0jekara (20, ctp. 243; 21, cTp. 6). Jlokanuja je y BIaCHUIITBY
3aBu4ajHOT APYIITBA ,,3MHjame”’, n'y ckiorry Kounhesor 300pa Ha 0BOM
Mjecty ce ypydyje KounheBa Harpana (KemxeBHa Harpajaa 3a )XUBOTHO
njeno) u Harpaga 3MujaHue (Harpaja 3a Ajeuuju JIUTepapHH paj).

VY 6nuzunn KouwheBor ormumra y Hacesby CuTHUIA, Y OMU3HHU
MaructpanHor nmyta Puonuk — bama Jlyka, Haya3u ce jolir jegaH eTHO
objexar — 3MujamCcka Kyha, Koja Ha OpUTHHAJIaH HAaYWH MIPEICTaBIha KAKO
ce HeKaJla JKMBjell0 Ha OBUM IPOCTOpHMA, KakaB je OW0 HauWH Tpajime
o0jekaTa u onpemame yHyTap kyhe. (22)

CBakaxo CBjeTCKH HajIpeno3HaTIbUBHjH €JIEMEHT KYJITYpHOT Hacsbeha
ca 3MHjama je 3MUjarmbCKH Be3, KOjU CE M0 CBOjOj CIeM(PUIHOCTH U3/Baja
He camo y peruju, Beh Ha nujenom bankany, a kapakrepuiie ra yckiale-
HOCT, XapMOHHja U CTHJICKa Tep(eKIrja reOMEeTPHjCKIX OpHAMEHATa
YKOMITOHOBAaHUX ca MOIpHUM KojopuToM. [lo3Har je kao Moapu Be3 Ha
oujesnom rtatHy. Ox cpenune 19. Bujeka, IpaKTHKOBaJIE Cy ra )KeHe Ha
3Mujamy, 3a yKpallaBame *KeHcke ofjehe u nomahuncTBa, ykibyayjyhu
BjeHYaHUIIE, MapaMe, XaJblHE U MOCTEJbUHY. 3MHUjamkbCcKU Be3 je 2014,
roauHe yBpiiTeH Ha penpesentaruBHy Y HECKO-By nucty Hemarepuja-
HOT KyJITypHOT HacJbeha u Tako je ocTao CBjETCKO IT0OpO, jep camapKu
CHa)XHY CUMOOJIMKY KOja ce IPEHOCH TeHepalrjaMa, Te IPOMOBHIIIE Kpe-
aTUBHOCT, JIPYIITBEHY jeIHAKOCT M PAa3HOIUKOCT. (23, cTp. 7)

TYPUCTUUYKA ITIOHYIA EJIEMEHATA KYJITYPHOT'
HACJBEBA 3SMUJAIBA KPO3 TOPC U TOBJI

Typuctnuka opranmszanuja Pemyonuke Cpncke (TOPC) je jaBHa
yCcTaHOBa, OCHOBaHa oj1 cTpaHe Biane Permy6nuke Cpricke ca 0CHOBHUM
IIUJBEM [TPOMOIINje TYPUCTHYKHUX JiecTrHaNM]ja Pemrybmuke Cpricke, mytem
momahux 1 Meh)yHapomHUX cajMOBa TypU3Ma, TyPUCTUIKUAX Oep3u, MaHU-
¢ecranuja, IITaMIaHOT TPOMOTHBHOT MaTepujaa, MyTeM HHTEPHET pe-
3eHTalHje, TUPEKTHOT KOHTAKTa ca MEIUjuMa, capaiboM ca JIOKATHUM
TypuctuukuM opranuzauujama (TO), anu u kpo3 OpojHe Apyre aKTUB-
Hoctr. Omtu pa3Bojuu b TOPC-a je uzrpagutn umun PemyOnnke
Cpricke kao aecTuHanuje 0e30jeIHe 3a Typr3aM H yJaramwa, Te Kpo3 Ipo-
MOTHBHE aKTHBHOCTH ITO3UIIMOHNpaTH Perry6muky Cpricky Kao KBaJIUTETHY
JECTHHAIN]Y 3a OopaBak Typucra. (24)
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[lonyna enemenara KynTypHOr Hacsbeha 3Mujamba Ha HHTEPHET CTpa-
nunu TOPC-a npahena je ananu3zom karteropuja ,,Jo)kuBu Cpricky®,
SJlecTuHalmje”, ,,Manndecranuje* u ,,0Tkpuj Cprcky (25). Kareropuja
,,JOXKuBH CpIICKY* HyIH HU3 TIOAKATETOpHja 3a MIPEeTpakuBame (Hayuo-
HANHU NAPKOGU, NIAHUHCKYU MYPUIAM, DAILCKU MYPU3AM, G]ePCKU MYPU3AM,
asanmypa, exo-mypusam, KyamypHiu mypu3am, 2acmpoHomMuja, 108 u puoo-
7108, COCKU MYPU3AM U OMAAOUHCKYU mypusam). Y OKBHPY IOJKATETOPH]je
NIGHUHCKU MYypu3am, TIPOMOBHILE ce Mamaya Koja ce u3/1Baja Kao POTHH
kpaj [lerpa Kounha y umjy gact ce onpxkasa Kounhes 360p (26). [Tox-
KaTETOPUJUM gjepCKu mypu3am IPOMOBHUCAHA Cy CBAa TPU MAaHACTUPA HA
3mujamy, ¢ TUM aa ce y3 Maractup Kpyma Ha Bpbacy criomume u 1jpkBa
OpBHapa y merosoj ommsunu. O manactupy Knucnna nHanucana je camo
jenHa peueHHLa, Oe3 mojaTaka o JIOKAIMj1, ICTOPHjU U 3Ha4ajy MaHaCTHpa.
(27) CpenmosjexoBHH rpaj [peOeH MPOMOBUCAH je KPO3 MOJKATErOpHjy
KYAImypHu mypu3am TOHYJIO0M Ha3BaHOM ,,CpejmhOBjeKOBHA yTBphema
nmonuHe Bpbaca® (28).

Kareropuja ,,aectuHamnuje” mnpyxa MOTyhHOCT mpeTpaxxhBama
TYPHUCTHUKE IOHY/e Kpo3 npaheme U3AB0jeHNX aTPaKTUBHOCTH y I'pajio-
BuMa u ommruHama Perryonuke Cprcke. [loakareropuje y oBoj nperpasu
ce JjeMMMHUYHO ITOKIIANajy ca MoJKaTeroprjaMa HaBeIcHUM Y KaTeropHju
,»JOKHBH CPIICKYy", HAMME OBO MPETPAKHUBAKHE HYIHU M TOJAKATETOPH]Y
ampaxkmusHocmu. AHaITU30M MTOHYAE Tpana bama Jlyka y moakareropuju
ampaxmusHocmu, Hynu ce obmnazak Kpyne va Bpbacy xojum ce mpero-
pydyje Manactup Kpyma, cpenmosjekoBHE rpaj [ pebeH u ipkBa OpBHapa
(29). llonanu y noakareropujama gjepcku mypusam, KVanmypHu mypusam u
NIGHUHCKU MYypu3am ce TIOKJIanajy ca nojamnrMa u3 npeTxoHe nperpare,
na y bamoj JIyiu on kyntypHUX efieMeHaTta ca 3Mujamba MOYKEMO BHJIj€TH
manactupe Kpymy Ha Bpbacy u

T'omuonwuty, cpenmoBjekoBHU rpan u Mamaay (30). Kpos nmogkare-
ropujy ejepcku mypusam y onutuau Ilpujenop, npomMoBucan je MaHa-
ctup Knucuna (31), a Kpo3 MoAKaTeropujy ampakmueHocmuy 'y ONILTHHA
Pubnuk, npomoBucana je 3mujamcka kyha y Cutanim (32).

Kareropwuja ,,manudecranuje” Ha uaTepHer crpanunu TOPC-a je
noTnyHo Heypehena. Kanennap koju YuHU TIIaBHU Caapikaj OBE KaTero-
pHje MoXe J1a ce Tpersiena caMo MpeMa MponumM gorahajuma, a Hije
moryhe norenarn marudecranuje riannpane y oyayhaoctu. [Iperparom
,»y IPOLIIOCT™ y KajeHaapy Huje 3abusberkena manndecrannja Kounhen
300p. (33)

Kareropuja ,,0tkpuj Cpricky Takoh)e Hyu BUIlIE TOIKATErOpHja 3a
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npeTpaxuBamwe (mana, ungo, YHECKO bawmuna, 3anamu, Hogocmu,
mypucmuuxe opeanuszayuje u ooxymenmu). [logkareropuja ungo npen-
CTaBJba T3B. , INUHY KapTy* PenyOinke CpIicke y K0joj je y OKBUPY peue-
HHUIIE 0 KapaKTepUCTUKaMa caBpeMeHor goba ciomenyT u Koumhes 300p
(34), a monkareropuja YHECKO 6awmuna Tipy’)a OCHOBHE TTOJAaTKE O
3MujambckoM Besy (35). Y nonkareropuju Hogocmiu, HEpPEIOBHO aXXKypHUpa-
HOj, MaKO ce HaJla3e HajaBe HeKUX MaHudecTanyja Hema Hajase 3a Kounhes
300p, HUTH TIPOMOIIHjE HEKOT eJIEMEeHTa KyITypHOT Hacsbeha 3mujama (36).

Ha crpannuu TOPC-a Hema HUKAaKBHX MOAaTaKa O HEKPOMoin crehaka,
Hu o KounheBom ormumrty. Manactup Knncuna, 3mMujamcka kyha u
Kouuhes 300p ce crmoMumy ca HEKOIHMKO IMTYpPUX HHPOpPMAIHja, 0K O
Manactupuma Kpyna na Bpbacy u I'omuonuna, npksu OpBHapH, Cpeamo-
BjekOBHOM Tpany ['pebeny 1 3MHjamCKOM Be3y MMaMO HEIITO BUILE, ajlH
WIIaK HEJIOBOJHHO MH(pOpMaIHja.

Typucruuka opranuszanyja rpajga bama Jlyka (TOBJI) je ocHoBaHa
Omrykom CkymmtaHe Tpanga bama Jlyka 2003. roguHe y 1IHIbY BalopH-
3a1Mje, OuyBarba U 3alITUTE TYPUCTHUKUX BPUjEIHOCTH Ha OAPYH]jy Ipaaa
(37). Ha uarepuer crpanuuu TOBJI-a, kao 3BaHUYHOT cajTa TypCTUTHUKUX
nonyza rpana bama Jlyka, Mory ce nmponahu TypcTauke aTpakuuje (pu-
ponHe U KyaTypHe) koje bama Jlyka Hymu cXOIHO TEPUTOPHjH KOjy OBaj
rpaj o0yxBara.

AHanu3a TypUCTHUKE IIOHYZAE KYJITypPHUX eleMeHara 3Mujama Ha
naTepHeT crpannnm TOBJI-a naje cipenehe pesynrare. Hekpomona ca
crehirMa ce HU y KOjeM CerMeHTy He criomumse Ha cajty TOBJI-a. Mana-
ctup Kpyna na Bpbacy ce Hanasu Ha cajTy y OAKATETOPUjH wma gudjemu.
Y3 MaHacTHp je onucaHa M IpKBa OpBHapa U CpeImhoBjeKOBHH rpaj [ peden
(38). IIperparom noakareropuje o barwaryyu, y nujeny KyJaTypHO-HUCTO-
PHjCKH CTIOMEHHIIH, Takohe ce mory Hahu momamu o MaracTupy Kpyria
Ha Bpbacy u cpenmoBjekoBHOM rpany ['peben, anu u o manactupy l'omu-
onuua (39). Manactup 'omuonnna u Kpyna na Bpbacy, nanase ce u'y
njeny oaranyuxa uztemuwima ucte nonkareropuje (40). 3MujambCKH BE3
ce CIIOMHIbE CaMO KpO3 JIBHj€ PEUCHUIIE M TO Y OKBHPY OIKCa O TIOCTAaBIN
Myseja Penyoinke Cpricke y noakareropuju wima eudjemu (38). Y noj-
KaTeTOpHju Manugpecmayuje, Koja je IpuKa3aHa Kpo3 KaJeHaap Iema-
Bama, CBaKe TOJIMHE CE y aBTycTy HajaBu MaHHU(ecTanuja Kournhes 300p,
ca IMyHHM IIPOTPaMOM 32 CBUX C€AaM JaHa KOJIMKO Tpaje. [erasban npo-
rpam 54. Kounheror 300pa ogprxanor y aBrycty 2019. roguse je u3ocrao.
(41) Uzasojenux nomaraka o KounheBoM OrmUIITY, KA0 HU T0J[aTaka O
3mujamckoj kyhn y Cutauim Ha cajty TOBJI-a, Hema.
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Typuctuuka oprannsauudja I[Ipujenopa je ocnoBana npema Onayuu
o ocHuBawy Ckymmrude Ommrune [Ipujenop 2005. roqune, a OCHOBHA
JJeJIaTHOCT yCMjepeHa je Ha IPOMOIIU]Y U MOJCTUIIAE Pa3Boja TypH3Ma
ormmtuHe (42). Mako maractup KimcuHa TepuTopujamHo MpUmaaa rpamsy
[Ipujenopy, Ha HHTEpHET Npe3eHTannju TypUCTHYKe OpraHu3allije rpajga
Ipujenopa HeMa mojaraka o lbemy.

OmmtiHa PUOHKMK HEMa TYPUCTHYKY OPraHHU3aIH]y, TAKo J1a 3MHUjarbCcKa
kyha y CuTHHLIM KoOja ce Haja3u Ha TEPUTOPHjH ONMIUTHHE PHOHMK HUje
TYPHCTHYKH MPE/ICTAB/HLCHA HUTIIjE OCHM Ha CTpaHUIM TypUCTHYKE Opra-
Hm3anuje PenmyOnuke Cpricke.

IINIAHCKH U CTPATEIIKU JOKYMEHTHU

[Tancka u cTpaTenka JOKyMEHTaluja /1aje OCHOBHE MO/IaTKe O Ilia-
HUPAHOM Pa3Bojy oapeheHor npocropa. Ananuzupa je [Ipocropuu mnan
Peny6nuke Cprcke, Te [Ipoctopuu mnanosu bamwe Jlyke, [lpujenopa u
PubHnuka. M3spiien je yeua y Ctparerujy pa3poja kyatype PenyOnuke
Cprcke u Crparerujy pa3soja Typusma PenyoOmnuke Cpricke. AHamu3upaHe
Cy u cTpareruje pa3Boja bame Jlyke, [Ipujenopa n Pubnuka. Kpos cBy
JIOKyMEHTaIHjy, paheHn Cy MJIaHOBHU 3a 0YyBame, Pa3Boj M MPOMOIIH]Y
HaBE/ICHHX eJIeMEeHaTa KyJATypHOT Hacsbeha 3mujama.

VY IIpocropHom minany Peny6nuke Cprcke go 2025. ronune (43) ce
CIIOMUIbE 3MHjabe Kao MoIpyYje KyITypHe OallITHHE, MjecTO YyBarba Tpa-
JWIIHje U pa3Boja Typus3Ma U Mjecto Moryher pa3soja TpaJHIIMOHATHOT
¥ TIPOM3BOJTHOT 3aHATCTBA. 3MHUjalbCKH BE3 C€ HABOAM Kao crerupuIan
IpUMjep 3aIITHTE HEMaTepHjaTHoT KyATypHOT Hacsbeha ox crpane YHE-
CKO-a. KonkpeTHe miaHcke akTUBHOCTU HUCY HaBeneHe. CacTaBHU 1UO
OBOT IOKYMEHTA YMHU U Tabema noj Ha3uBoM Crrcak HEMOKPETHUX KyIl-
TypHUX J00apa y PenmyOmuim Cprickoj ca HallMOHAIIHE JICTE CIOMEHHUKA
Boche n XeprueroBune u 1o6apa koja nMajy BAIOPU3AINUOHY OCHOBY Y
CKJIamy ca 3aKOHOM O KynTypHHM moopuma Pemyonuke Cpricke. Y m0j
cy Hekporona ca crehnmma y 3aceoky Monome u [IpaBociaBHo rpodibe
Ha Crpaxoenuuu y ceny LmpuBno Ha JoOpumu (bama Jlyka), upkse
opeHape y Kpynu na Bpbacy n Xan Konuma u manactup ['omunonuna
EBUJICHTUPAHU Ka0 HEMOKpEeTHa J00pa Koja ce Hajla3e Ha HAIlMOHAHO)]
ety criomenuka bocue n Xepueropune. Banopu3zannony ocHOBY UMajy
crehmm n 6pBHapa y Kpymu nHa Bpbacy. CpenmoBjekoBHE Tpan [ pedeH u
manactupu Kpymna na Bpbacy n Kivic cy eBuaeHTHpaHN Kao eJIeMEHTH
[TpuBpemeHe aHCTe HAIMOHATHHUX crioMeHuKe y bocHu u Xeprierounu,
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YeKa Ce BbHXOBO MPOIIIAIICHE U HEMajy BaJIOPU3AIIMOHY OCHOBY Y CKIIaTy
ca 3akOHOM O Ky/ITypHUM j0o0puma PeryOnuke Cpricke u He Hallaze ce y
pEXHUMY 3aLITUTE.

IIpocTopauMm mmanoMm bame Jlyke (44), Hekpomona ca crehiiuma
y 3aceoky Momome (y 'opmem LllpuBay) u [IpaBocnaBHO rpoOske Ha
Crpax6enuny, ceso [muBHo Ha JJoOpubH, HABOAE CE KA0 KYATYPHO
HacJbel)e 3a koje cy omnykom Komucuje 3a odyBame HaMOHAIHKUX CIIO-
MEHHKa IponHcaHe Mjepe 3amTuTe. VICTUM JTOKyMEHTOM TUIaHUPAHO je
yHanpeheme nocrojeher Typusma (Bjepcku, MaHU(ECTAIMOHH, CIIOPT-
CKO-peKpeaTuBHH, n3lieTHUYKH) y Kpynu Ha BpOacy, kao u usrpajima
HOBOT Bjepckor o0jekra. [[pkBa OpBHapa y Kpynu Ha BpOacy HaBomu ce
y ckiony Typuctuuke 30He Kpyne Ha BpOacy, a nipkse Oprape y Kpynu
n Xan Konuma HaBoJie ce Kao KyITypHO Hacbele U 00jeKTH 3a Koje cy
nponucane Mjepe 3amTure. Manactup [omuonnna ce Hanasu y tabenu
[Momnuc moapydja u objekara Mpupoie MIaHMPAHUX 32 YCIIOCTABIbAHC 3alIll-
TUTE y TUIAHCKOM TMIEPUOJLY, T€ Ha JIMCTH KYJITYPHO-HCTOPUjCKOT Hacsbeha
Penry6muke Cpricke. Y mpocTopHOM Tuiany rpana bame Jlyke, HaBoqu ce
mato Mamade Kao MOTEHIHjalTHO MjecTO pa3Boja Typu3Ma y o0nacTu
TYPUCTHYKHX 30HA M IIeHTapa. Y oxjesbky [IpuBpena ce HaBoau norpeda
CTHMYJIMCama Pa3Boja eTHO-TYpH3Ma Ha MpocTopy Mamaue. Y eKOHOM-
CKO-(DMHAHCH]CKHM Mjepama 3a pa3Boj Typu3Ma HaBOAHM ce Ja ce Tpedajy
CTBOPHUTH YCIIOBU 32 MHTETPAIHU Pa3BOj PyPaTHUX MOJpPyYja U HUXOBA
WHTErpanuja y TYpUCTHYKE TOKOBe (KamoH BpbOaca u murato Mamaue).
C 003upoM Ha crieUpUIHOCTH MOCTOjeher U IIAHUPAHOT TPOCTOPHOT
ypehemwa ['pana bama Jlyka, oceOHO ce HAIOMHEE HEOTIXOAHOCT U3PaIe
30HUHT IUIaHA MOJIpyYja MoceOHe HaMjeHe 3a IPOCTOPHY I[jeJIMHY 3alll-
tuheHn KynTypHH Tiej3ax ,,Jlmaro Mamaue®.

I'pan Ilpujemop HeMa akTyeIHH IPOCTOPHM TUTaH, a aHanu3oM [Ipoc-
topHor 1urana onmtuHe [pujenop 2008-2018. (45), Hamazumo ogaTke o
MaHactupy Kiricuna, Koju ce HaBOJIi Kao MOTEHIIH]all 32 pa3Boj KYJITypHOT
Typusma oBe onmuTuHe. [Ipocropaum manom ommruHe PubHuk o 2035.
ronuHe (46) npenopyudyje ce GopMupame eTHO-TAPKOBa Jia OU Ce 3allTH-
THIIa 00J1acT 3MHjamka Ha TIOIPYYjy OMIITHHE PHOHHMK.

Y Crpareruju pa3Boja Typusma Pemyonuke Cpricke 3a mepuoxm 2011—
2020. rogune (47), Kpyma va BpOacy ce HaBOJM Kao €THO JIOKAIUTET y
TpaH3UTHUM TYPUCTHUKHUM JICCTHHAIIMjaMa Ha Kopujopy [ paauiika —
bama Jlyka — Kynpec. Llpke OpBHape ce camo HaBOJIE Kao IM0 HajaTpak-
TUBHHjUX UCTOPHjCKUX rpal)eBrHA M CTIOMEHHKA CaKpaJIHE K MEMOPHjaIIHEe
HamjeHe y Penyonmuu Cprckoj, a Kounhes 300p ce HaOpaja camo kao
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KyJATypHa MaHu]ecTanuja Mehy octanium nodpojaHuM Manudecranyjama
Koje ce oapxaBajy y Penyomuiu Cprickoj.

VY nokymenty Crpareruja paspoja rpajga bama Jlyka y mepuony
2018-2027. ronure (48), o eneMeHara KyITypHOT Hacjbeha 3Mujama
criomuy ce camo KoumheB 300p u 3mujamcku Be3 y Tabenn Komra-
paTuBHE, KOHKYPEHTCKE U jeIMHCTBEeHe npeaHocTu [ pana bama Jlyka.
Hokxyment MuTerpanna crpareruja passoja rpajaa [Ipujenopa 3a nepuoa
2014-2024. ronune (49) ne Tperrpa Mmanactup Knucuny, a Ctparerujom
pa3Boja omurrHe PudHuk 3a nepuon 2018-2027. roqune (50), 3mujamcka
kyha ce HaBoH Kao KyJITypHO HCTOPH]CKO Hacskehe ommruae. CaMo rpas
bama Jlyka nma m3paheny Ctparerujy pa3Boja Typusma rpajia bama Jlyka
2013-2020. romune (51), y xojoj ce manactupu Kpymna Ha Bpbdacy u ['omu-
oHuLa HaOpajajy Mel)y Haj3HayajHIje 00jeKTe Ha KojuMa ce 6azupa pesuru-
o3nu Typu3am bame Jlyke, a mopen mux cpenmoBjekoBHa TBphasa [pedben
u npkBa OpBHapa y Kpymnu ce HaBojie kao o6jektn y Kpynu Ha Bpbacy
KOju mpuBiade Typructe. CTpaTerujoM ce MOACTHYE pa3Boj YpOaHHCTHUIKE
nH]pacTpyKType Ha IuaToy Mamaue y3 dyBambe TpaIuliOHAIHE apXu-
TekType — 3Mujamcka kyha. bama Jlyka je npsu rpag koju uma Crparerujy
pasBoja kynrtype rpaaa bama Jlyka 2018-2028. (52), y kojoj ce Kounhes
300p camMo HaBOIM y HU3Y MaHHdecTalHja Koje oBaj rpaj nocjeayje. Ocum
300pa, HUje/IaH CIIEMEHT KYITypHOT Hacsbeha 3Mujama 011 moOpojaHux
HHj€ HaBEJICH y OBOM JIOKyMEHTY.

3AK/bYYLN

Hako 3Mujame He TOCTOjH KAa0 TEPUTOPHjaTHO-aIMHHUACTPATHBHA
jeanHuIa, oHO je obmacT Koja oouiIyje OpOjHIUM eJIeMEHTHMA KYJITYPHOT
HacJbeh)a Koju ra U3/1Bajajy o OKOJIHUX KpajeBa U YMHE T'a MPENo3HaTIbH-
BuM. [IpBy npomorujy 3mMujame ayryje KibHKEBHUKY W HApOJAHOM TPHOYHY
[Merpy Kounhy, polleHoM y 0BOM Kpajy, jeJHOM OJ1 Haj3HAYajHHjUX PHUrypa
Y CPIICKO] KyATYpH. HberoBo KIMKEBHO JIjeJI0 H3BPIIIIIO j& CHAKAH yTH-
11aj Ha JJaJbU Pa3BOj CPIICKE MHCAHE PHjedH, JIOK je FeTOBO IMOJUTHYKO
HacJbehe mocTano TemMesb Pa3IuuUuTHX MOJUTHIKUX OpHjeHTalrja y cpI-
ckoM npymrty. llerap Kouwuh je xuBHO OBHje ¥ MHOTO TOTa j& OCTaBUO
HAKOH CBOT JKHMBOTA 32 OBaj Kpaj U IIUpe.

KynypHu enemMeTHH CBaKoOT MOJpy4Yja YHHE BEroBO 0OrarcTBo, a Ha
3Mujamy ce n3aBajajy cibeaehu: Hekponoma ca crehuMa, MaHactup I'omu-
onmna, Mmanactup Knucuna, manactup Kpyna va Bpoacy, npksa OpBHapa
1 ocranu cpenmoBjekoBHOT I'pedena y Kpynu na Bpbacy, npksa 6ps-
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Hapa y Xan Konuma, Kounhes 360p, KounheBo ormumire, 3mujamcka
kyha, 3mujamcku Bes. Kao Hajpenpe3eHTaTUBHHUjH €IEMEHTH KyITypHOT
Hacsbeha Ha 3mujamy, Mory ce nznBojut Kournhes 300p 1 3MUjamkCKH BE3.
Kounhes 360p 300T cBoje BUIIeEIIEHN|CKE TPAaIUIIHje U BeTnke mocjehe-
HOCTH, jep HamMe Ha oBOj MaHH(pectanmju ce Beh 54 roguHe OKyIIbajy
JeCeTUHE XMJbaJIa OCjeTHIIAla U3 PernoHa. 3MHjambCKH BE3 Ce UCTHYE Kao
eJIEMEHT YBPILUTEH Ha CBJETCKY JIMCTY HEMaTepHjaIHOT KyATYypHOT Hacibeha
(53), unme oBaj Kpaj MOCTaje CBjETCKHU MPEIO3HAT/HUB.

AHaJIHM30M I0j1aTaka ca MHTEPHET CTpaHuIa TyprCTHUYKE OpraH3alije
Penryonuke Cpricke u TypucTHIKHX opranuzanuja bame Jlyke u [Ipuje-
nopa, yodaBa ce HeyckiIal)eHocT nozaraka. EnemenTn kyntypHor Hacibeha
3Mujama HUCY JJOBOJFHO HU JaCHO UCIIPOMOBHCAHH.

To ce Hajbosbe BUM Ha IPUM]jepy HEKpoIIoJie ca cTehiuma Koja ce He
CTIOMHIbE HU Ha jeIHO] MHTEPHET CTPAHUIIM, a CTABJbCHA je MO 3alITUTY
Kao HaIlMOHAHU crioMeHHK bocHe n Xepuerosune. Hajoosbe ncnpomosu-
canu cy Manactupu l'omronntia u Kpyra ma Bpbacy ca npksoM 6pBaHapom
1 cpenmoBjexkoBHOM TBphaBoM. Ha crpanniiu TOBJI-a, 3Mujamcku Be3 ce
CIIOMHUEGE CaMO KpO3 2 pedeHHIIe, a ¢ 003UPOM Ha HETOB CTATYC, 3aCITy-
xyje Behy naxmy u 60Jpy mpomonujy, kao u Kounhes 360p u Kounheso
ormuinte. Manactup Kinucuna u 3mujamcka kyha ce He Hajla3e Ha cajTo-
BHMa JIOKQJIIHUX TYPUCTUYKUX OpraHu3ainyja (onmTnHa PHOHUK 1 Hema
TYPUCTHYKY OpPTaHU3aIH]y), alli Cy UcIpoMoBrcann Ha cajty TOPC-a.
CBe HaBelIeHO yKasyje Ha moTpely yckiahuBama OHYIa TYPHUCTHIKUX
opranmzanyja. [lopen Tora, moTpeOHO je AaTH Ha 3HAYajy OHUM eJIeMEH-
THUMa KOjU HUCY HaBEACHH WJIH C€ CIOMUEbY BEOMa LITYPO, jep OHU CBAKaKO
MpeJICTaBJbajy EKOHOMCKH MTOTEHITUjaJl 32 Pa3B0oj OBE peruje.

AHaJi3a IJIaHCKUX M CTpaTeIIKuX JOKyMeHara, Takohe, Huje jana
MIOBOJBHE pe3ynTaTe Kaja Cy y NUTamy eIEMEHTH KyITypHOT Hacibeha
3mujama. Heku on enemenara ce Takopehu CTHIJBHBO CIIOMHBY Y OBOj
JTOKyMEHTAIj1, 0e3 HCTUIIakha IHXOBOT CTBAPHOT 3HAYaja U MOTEHIjaa.
KoHkpeTHHUX M1aHOBA U CTpaTerdja pa3Boja 3a OO KOjU OJ HABEACHUX
elieMeHaTa TOTOBO U Jia HeMa. 3MHUjambe ca CBOjHM KyJITYPHUM €JIEMEHTUMA
ocTaje MapruHaJIM30BaHO U HEUCKOpUIITEeHO. [InanupameM npomornuje
eJleMeHara KyaTypHoT Hacskeha 3Mujama, lbHXOBUM MTOBE3UBAIHEM Ca
JIPYTHM TYPHCTHYKHAM MOTEHIMjaIMMa OBOT IIPOCTOPA, Kao M JaBambeM
cMjepHUIIa 3a Behy TypHCTHYKY NpEmo3HATIEUBOCT, OTBapajy ce HOBE
MoryhHOCTH 3a pa3Boj KyntypHor Juka bame Jlyke n Penyonuke Cprcke.
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Abstract

Introduction: Cultural heritage means goods that are inherited from previous genera-
tions or that are created in the present. Their importance and value are very important and
therefore need to be preserved, both now and in the future. They affect the identity of the
settlement, region or state. These goods are most often under the regime of protection,
they have a symbolic significance in the minds of people, and on the economic side they
represent tourist potential. Many elements are not under protection, but they are found and
promoted through the offer of local and national tourist organizations.

Aim: In this paper we will present an overview of the elements of the cultural heritage of
Zmijanje according to the available data of the Tourist Organization of the Republic of
Srpska and the Tourist Organization of Banja Luka.

Material and Methods: By using the methods of analysis and synthesis, we will record
the existing elements and their representation in the current tourist offer of the Tourist
Organization of Banja Luka and the Tourist Organization of the Republic of Srpska.
Results: The analysis of the current offer and the review of strategic and planning docu-
ments in the field of development of culture and tourism at the level of the City and the
Republic of Srpska will determine the planned activities for the promotion of the cultural
heritage of Zmijanje.

Conclusion: By planning the promotion of the elements of the cultural heritage of Zmi-
janje, connecting those elements with the other tourist potentials of the area, as well as
providing guidelines for their greater tourist recognition, new opportunities are opened
for the development of the cultural character of Banja Luka and the Republic of Srpska.
Keywords: cultural heritage; Zmijanje; tourism; tourist organizations; strategic and plan-
ning documents
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Caxerak

[Ipn pemaBamy TeoTeXHHYKHX IpoOieMa, BeoMa 3HauajHy IPHMEHY y IPaKCH UMajy
Oam reou3NUKa MCTpaXHMBama, OMHOCHO reodusmuke merome. OBe merome oOyxBa-
Tajy BEIMKU HU3 METOAA KOjuMa ce yTBphyje CTpyKTypa, CIoKeHOCT U Tpalh)a camor Tia.
VHANpEKTHUM NOCTYIKOM ce momohy oBHMX MeToza onpelyjy pasjinuuTe MHKCHEPCKe
KapakTepucTuke Marepujaia. Takohe, oBe MeTo/e ce yrnoTpeOibaBajy NpUINKOM yTBphu-
Bama pacropesa, 1e0JpHHE U CBOjCTaBa IOjeAMHNX CII0jeBa HCIIO]] OBPIIMHE opeheHor
TepeHa, Ha KojeM je mpeaBuheHo m3Boheme onpehennx mocmoBa. OBe MeTone ce MOry
NPUMEHHBATH Ha BUIIC HAYMHA H TTOACIbEHE CY Yy HEKOJIMKO TPyIIa, OJIHOCHO Ha Pa3iIM4u-
TE METOZE UCITUTHBAbA TEPEHA Tj. NCIIUTHUBAHE MOBPILIHHE.
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YBoa

[Ta cy To yommure reodusuuke meroze? To cy MeTone Koje ce KOpH-
CTe y mpuMemeHoj reodusunn. OBe MeTo/e ce 3aCHNUBAjy Ha HCIHTH-
Bamy (PU3MYKHX I10Jba KOja Cy CTBOpEHA MPUPOIHU HMIIM BELITAYKH, Y
IJbY pelaBama oipeh)eHIX TeOIOIIKUX WM TeOTEXHUYKHX TpodieMa.
Y oBoM pajy cy oOpaljeHu npuMeHa U iJb reohU3UIKUX METOo/Ia, Kao U
cBaka reo(u3nUKa MeTojia IOHA0CO00, Y IIMJbY JeTaJbHHjer UCTPAKUBAA
U JIeTaJbHHUjeT NPEACTaBIbamba CBAKE METOIC.

[Ipunukom oOpasie oBe Teme, KopumiheHa je IuTepaTypa 1o0ujeHa o
menTopa npod. JIp Crexxane Komarune, kao 1 MHOIIITBO pajioBa M pelieH-
3Wja Koje ce Mory poHahy Ha HHTEPHETY, KOjH je JaHac UIaK [TIaBHU U3BOP
CBHUX MOTpeOHMX MH(pOPMALUja IPUINKOM HEKOT paaa ox Kyhe u momaxe
HaMa CTYJCHTHMA [P MMUCalby OBAKBHX PaoBa.

Y 0BOM pay, MOKyIIIao caM Jia HalpaBUM CHHTE3Y IMUCaHe JINTepaType,
OJTHOCHO Pa3JIMYUTHX KEbUTA, [I0/IaTaka KOju ce Mory Hahy Ha MHTEpHETY
M pasroBopa ca npodecopumMa Koju ¢y KOMIIETCHTHHU 32 PasroBOp O OBOj
TEMH U KOjH HaM yjeTHO ¥ IOMaKy HajBHILE.

Caaka reo3nika MeTO/Ia Be3aHa je 3a POyvYaBamke U MEPEHE jeJHOT
CBOjCTBa CTEHA KOj€ Ce HaJla3e y MOJIYIPOCTOPY.

IIpumeHna u Wb reoPU3NYKNUX METOAA
Oge MeTo/Ie ce MOTy MPUMEHNUTH Ha TP HAauWHA!

» Cau3BecHe yJaJb€HOCTH OJ] HOBPILY O] UCIIUTUBAHOT MaTrepujaa
*  JIupexTHO ca MOBPILUHM UCIIUTUBAHOT MaTepujaa (MOBPILINHCKH)
*  Vcnoa noBpiy HCOIUTHBAHOT Marepujana (MMOTIOBPIIUHCKH)

[ITo ce THYE MPUMEHHUBAKA MTOTHOBPITUHCKH, MOTY C€ IIPUMEHUTH Y
pyaauimma, nehuHama u HaTHUM OyIOTHHAMA. Y OBOM ITOCIIEEHEM CITy-
4ajy, reo(pU3MIKa HCIUTUBAA CE HA3UBA)Y KAPOMANCHUM UCHUMUBAFLUMA.

usb mpuMeHe reo(U3nYKIX METOAA jeCTe UCTaKUBamhe 3eMIbUHE
YHYTPAaIIhOCTH ajld U BEIITaYKUX 00jeKara, Ha IpuMep 3a moTpede apxe-
osoruje u rpahyeBunapcrsa. [losbe npumeHe reodu3srke 3acHUBA Ce Ha
aHAJIM3Y T10jeIMHUX (PU3UIKUX CBOjCTaBa UCITUTUBAHE CPENUHE (TYCTHHA,
Op3vHA IPOCTHPaKka CEU3MUYKUX Tajlaca, eleKTPHYHE U TOTUIOTHE TPBO-
JMJBUBOCTH, MATHETHE CYCIENTHOMIHOCTH, PATHOAKTUBHOCTH. .. ).

3Hayaj OBMX METOJIA JISKH Y TOME LITO C€ HBHMXOBOM ITPUMEHOM OMO-
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ryhaBa Opske, JlaKIIe ¥ Ipe CBera, IITO je y AaHAIIbe BpeMe U3y3eTHO
Ba)KHO, EKOHOMHYHH]E pellaBarbe reoIOIKUX MpodiiemMa, IIOro0TOBO OHUX
BE€3aHUX 3a UCTPAXKUBALC JIC)KUIITA MUHEPAJTHUX CUPOBHUHA, BOJOCHA-
OmeBame WM HCKOPUINTABAKE TiIa 3a U3rPaliby rpal)eBUHCKUX U XHIPO-
TEXHUYKUX Oo0jeKara.

onena reopusnukux meroaa

[onena ce Moxke U3BPILUTH Ha OCHOBY TOT'a KOj€ CE CBOjCTBO CTEHA IPO-
yuaBa. [logena ce He MOke M3BPIIMTH HEKUM MEpEHHUMa jep ce HUjeIHO
CBOJCTBO CTE€HA TUPEKTHO HE MepH, Beh ce cBe pauyHa.

l'eodunsnuke MeToze osesbeHe Cy Ha:

* I'paBumerpujy

e Teomarnerusam

e Teoenekrpuky

*  CeusMuky

e ENexTpoMarHeTcKy MeTomy
*  Teodpusnuku kaporax

*  JlajbMHCKY AETEKIH]jY

I'paBuMeTpujcka MeToa

OBa mMeTof1a ce 3acCHUBA Ha KOpUIIhemY 10Jba 3eMJbUHE TEXE, K0 MPH-
pomHO (HDU3UYKO TOJbE, TII00ATHOT KapakTepa. HajBure ce KopucTtu 3a
UCTPaKUBALE JISKUIITA HA(YTE Al ¥ OCTAJIMX MHHEPATHUX CHPOBHHA,
Kao U IPH pellaBamy pa3InIuThX mpodiaemMa u3 o0JIacTH, Tj. JOMEHa Peru-
OHAJTHE T'eoJIoTHje.

Jenan on HajBaXHMjUX YCIIOBA 3a YCICUIHY IPUMEHY OBE METOJE je
MOCTOjarbe pa3iiuKe y TYCTHHU n3Mel)y Marepujana off Kora je HeKa CTpyK-
Typa u3rpal)eHa u OKoJIHUX CTeHa.

ITpn camoj mpuMeHH TPaBUMETPH]CKE METOJIe, HCITUTUBAHO IT0JbE CE
UCIIHTYje HAa OCHOBY opehiBama BpeJHOCTH IpaBUTALIMOHOT yOp3ama
y TaukaMa rocMarpama Koje cy pacrnopehene y onpelheHoj HCTUTHBAHO]
o0nacTu.

Mepu ce Takohe 1 XOPH30HTATHH M BEPTUKAIHU IPAIUjEHT yOp3ama
3emspnne Texke (g=9,81 m/s?).

HemnpaBunan pacmopen maca, Ipe cBera y 3eMJBHHO] KOpH, MOAU(H-
Kyje CHJIy IpHBJIa4eha Ka0 KOMIIOHEHTY CHJIC TEXe M JIOBOIHM JI0 TI0jaBe
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aHOMaJIfja y TPaBUTALMOHOM YOp3amy.
I'eomarnercka meroga

leomarneTcka mMeTojia 3aCHHMBA CE HA MEPEHY WHTCH3UTETA MarHeT-
CKOT TT0Jha 3eMJbE U KAaCHHjOM aHAJH30M THX BPEIHOCTH KOje Cy MoOH]eHe
MepemeM, YTBphyje ce reosomika rpaha ogpelheHor ucTpaxuBaHoT IPOC-
TOpa Tj. moapyyja.

OBa MeTo/Ia ce cacTojy U3 BHIIE MOCTYIaKa!

* AepoMarmercka Mepema

* Tepecrtpuuka reoMarHeTcka Mepemba

» Ilaneomarnernsam

*  ApxeoMarseTuzam

AepoMarHeTcka Mepera BplIe Ce HATIOBPIIUHCKY, IIPHIMKOM HCTpa-
uBama Beher moapyyja, Kaja je MarHeToMeTap CMEIITEH y pely aBuoHa,
WX je MOHTUPAH Ha XCIUKOITEPY.

TepecTprnuka reoMarHeTcka Mepemwa BpIIE C€ IPIINKOM Pa3HUX
UCTpakKMBamba y re0JOTHjH, IPE CBEra MPUIINKOM UCTPAKUBAA JISKHIITA
MHUHEpaHUX CUpOBUHA. Mepema ce, TOM NPUINKOM, BpIe TUPEKTHO Ha
TepeHy, HHCTPYMEHTHMa KOjH C€ HAa3WBajy MarHETOMETPH.

I[Maneomaruercka Mepema KOPHCTE CE MPHINKOM HCTPaKUBaba
MarHeTH3-Ma CT€Ha TOKOM T'eOJIOIIKE POIIIOCTH, Tj. YTBphUBama meHe
MarHeTH3anyje y TpeHyTKy HacTaHKa CTeHE.

ApXxeoMarHeTH3aM KOPHUCTH CE MPHIIMKOM HCTPAXKUBamba apXeool-
KHX HaJa3WIUTa, a HOCTYIaK Ce YIIIaBHOM CBOAM Ha MCTE MOCTYIKE KOjH
ce MpUMEmbYjy MPUIMKOM T1aJIeOMarHETCKUX UCTPaKUBAbA.

Cauxa 2. Ilpomoncku maecnemomemap
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FeoeneKTpana MeToaa

l'eoenexTpuyna MeTONA j€ O CBUX METO/Ia Hajpa3HOBPCHUja 1 HAjBHIIIC
kopumrheHa off CBUX OCTaJIHMX. 3aCHMBA C€ Ha KOPUIINEmhY BEIITAaYKUX U
NPUPOAHUX (PU3UYKHX MOJbA.

[Ipema mojenu Ha NPUPOIHA U BelITayka (PU3NUKa MOJbA, MOCTOJU U
jeIHa MoTIo/esa peMa Kojoj PUPOHA 10Jka MOTY Jia Oyay roOaisHor
1 JIOKaJTHOT KapakTepa (eJICKTPUYHHO [T0JbE 36MJbE H TT0JhE EIIEKTPUIHUX
MpaXkibemba y arMochepn ), JIOK ce BEIITadKa 1oJba CTBAPA]y HEMOCPETHUM
OJIAIINJBAHEM JETHOCMEPHE CTPYje Y 3eMIbY.

Jla 61 ce oBa MeTOA YCHEIIHO U3BPLIMIIA, MOPA J1a CE UCITYHHU YCIIOB,
mTO OM 3HAYUIIO Ja TIOCTOjU pasifKa y eJICKTPUYHO] IPOBOJJBUBOCTH
MOJTYIPOCTOPa MCIOA 3eMJbHUHE TTOBPILH.

[Tonena reoeeKTpUYHUX MOCTyIIAKA CE MOXKE M3BPIINTH Ha OCHOBY
napameTpa Koju ce MPHIMKOM IpuMeHe Metosie oapelyje. Tako ce mory
W3]IBOJHUTH:

* mocrynak cnenuduune enexkrpuude ornoproctu (CEO), (cnuka 5)

*  mocTynak ogHoca mnajaa notenuyjana (OI1I]), moctynak corncrseHor
norenijana (CII),

*  IOCTYyNaK HHAYKOBaHE MOIapu3almje

Cnuxa 5. Hncmpymenm 3a
CEO.
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Enexrpomarnercka merojaa

EnexTpomaraercka MeToja Mmpumaaa MmpeTxoHoj TPyId, OJJHOCHO
TPYIH FeoeNeKTPHYHNX METOJIa, ali C€ M3/IBaja II0 TOME IITO C€ y OBO)]
METOAM KOPUCTH HEM3MEHNYHA CTpYja.

VYI1aBHOM ce MpUMEbYje IPU UCTPaKUBAKY PYIHHUX Tella, Maja Cy y
HOBHje BpeMe pa3pal)eHu U MOCTYMIM KOjU MOTY Jia c€ IPUMEHE U MIpH
HCTPaXXUBabYy BOJE, OMMCKOMOBPIIMHCKHUX JICIOBA TIIA, U CIIUYHO.

CenzmMunuka Metoaa

Ceusmuuka MeTOJla c€ pa3BMila Ha OCHOBY Ca3Hama Koja je mpy-
KHJIa ceu3Molioruja’ u 3acHUBA ce Ha ()CHOMEHY NPEHOILCHA eIacTHY-
HuX AedopmManyja y BUAY €JIacTUYHHX Tajaca Kpo3 CTEHCKE Mace Koje
nsrpalyjy 3emspuny kopy. Tamacu Mory OMTH M3a3BaHM MM IPUPOIHO
WM BemTadku. [Ipy BemTaukuM M3a3uBambeM Tallaca, KapakTepuIle ce
Beha dpexBenIrja y ogHOCy Ha oarosapajyhe ramace xoju cy mo0ujeHH
MIPUPOIHUM ITyTEM, OJHOCHO IPUPOJHUM 3€MIbOTPECUMA.

Berauku nza3Bane enactuye Jedopmaliyje y CTEHCKUM MacaMa Ipe-
HOCE ce Kp03 T¢ Mace MPBEHCTBEHO Kao JIOHTMTYAHHAIIHU, TPAHCBEP-
3a]THM ¥ TIOBPIIMHCKH Tajacu. [IpocTupame CeM3MUUKHX Tanaca BpIIN
ce cxonaHo XajrencoBoM u depMaroBoM MpUHIHITY (10 KOME CEU3MHUUKN
TaJlacu Ol W3BOpa M0 MpHjeMHHUKa, 0e3 0031pa Ha CPEIUHY KpO3 KOjy ce
MIPOCTHUPY, CTHKY 3a Hajkpahe Bpeme).

TokoMm cen3MuuKe METOAE PA3INKYjy C€ TPH MOCTYIIKA!

*  MOCTYIIH OCMaTpama MPOCTUpabha JUPEKTHUX Tajlaca

*  pedpakToBaHUX (TIPETOMIBCHHX) Taaca

*  pedurekToBaHNX (OMOMjEHUX) Tajaca.

[TapameTap Koju je KJby4aH NP MIPUMEHHN OBE METO/IE je Op3MHa TIpOoC-
THpamba CEM3MUUKUX Tajaca, OJJHOCHO BpeMe MOTPEOHO Ja CEN3MUYUKU
tanac npehe onpeheny myramy uzMel)y MO3HATHUX MOJIOXKAja HETOBOT
M3BOpa M Ta4yKe y KOjOj ce MocMarpa HBeroB Haujas3ak.

'T'pana reodusuke koja ce 0aBH NPOydYaBamEM 3eMJbOTPECA, OAHOCHO KpPETameM
eNaCTUYHUX Tajlaca Kpo3 3eMJbY.
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Cnuka 6. Yexuh 3a uzazuearve
Cuuxa 7. I'eoghon.
seuwmaykux maiacd.

I'eopuznuku kaporax

T'eodu3nuku KapoTax” NpeacTaBiba IPUMEHY reoQU3HIKUX METOa Y
OymoTuHM, 9nMe ce 1001jajy Toaly Koju JIeKe TyXK oce OyImoTrHe, Kao
1Y YCKOj 30HU OyIIOTHHE.

Oga meTona je moceOHo pa3paljeHa paau MCHHUTHBamba OyIIOTHHA 3a
HCTPaKMBalbE M EKCIUIoaTanujy Hadre, anu je Halia U NPUMEHY KOJ
HCIIUTHBaba OyIIOTHHA BOJIE, YIJba, OOKCUTA, UT/.

3ayarak reo()M3UIKOT KapaToxka je a ce Ha OCHOBY COHJIAXHUX Mepema
onpene rpanuile hopmaryja, Ne0JbIHE CII0jeBa, TyCTHHA, TIOPO3HOCT, CaJp-
xaj n ocobune (uynna, onHoc ¢urynaa npema uBpcroj (hasu creHa, mpo-
MYCTJBUBOCT, XUIPOCTATUUKH MPUTHCAK Y CIIOjy, TEMIIEpaTypa, Kao 1 Jia ce
onpenu Moryha npousBonmwa (urynaa u3 nare Oymotude. Crienududad BU
reo(U3NUKOT KapoTaka je ’eroBo H3Boleme y TOKy Ipolieca MPOU3BOIE.

V reon3nuKoM KapoTaxy, JOMUHAHTHY YIIOTY HMajy T'e0eIeKTpUIHa
METO/a ¥ paIl0aKTUBHU KapOTaXK, CEM3MUYKA METOJIa, TEPMOKAPOTAXK 1
MarHeTHH KapoTaxK.

[Ipu oBOj MeTOM, BETMYUHA IPOCTOPA OKO OYLIOTHHE 3aBHCH Off CHC-

2 KapOTamaje METOJ UCTIMTHBaba 3EMJbUIITHOTL TJIa aHAJIM30M BPETCHACTUX OJIPE€3aKa 3€EMJbE
H3BYy4YC€HE COHJIOM U3 CJ'IOjCBa pas3inyuTe Z[e6J'I>I/IHe.
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TEMa KOjI/I ce HpI/IMCH:ij, a 'CHEPpAJIHO CC cMaTpa Jia U3BHOCHU O] HCKOJIMKO
MUJIUMETapa 10 HEKOJIUMKO JE€CETUHA CaAaHTUMETapa.

OGN SGNAL —_—

Fiqure 1. Block diagram of aop*%bc:l
I-logai i it ified
Koy o ey T8 7y

Cnuka 8. Conoe. Cruxa 9. I'pagpuuxu npukazam
npoyec.

Ja/bUHCKA JeTeKIuja

[IpencraBipa MeTOA NPUKYMJbatba HHPOPMALMja IyTEM CUCTEMA KOjH
HHUCY Y AMPEKTHOM, (DU3UYKOM KOHTAKTy Ca MCIMTHBAHOM I10jaBOM MM
00jeKkToM.

[MpuHIMT TaJbUHCKE IETEKIM]e CBOJIM CE HAa CHCTEMAaTCKO MEpEHE U
Oenexemne 0101jeHe UM eMUTOBaHE CJIEKTPOMArHeTCKE CHEepTruje.

3akibyuak

CBaka o1 OBHX MeToAa je moceOHa, cienrdruyHa 1 HaMeHhEeHa je 3a
onpeheny ynorpeOy u onpelero ucrpakupame. [ paBuMeTpujcka MeToaa
ce 3acHMBa Ha KopHIINewy M0Jba 3eMIJbHHE TEXE, KA0 MPUPOIHOT (PU3UIKOT
oJba, IodaTHOT KapakTepa. [ eoMarHeTcka MeTo/ia 3aCHUBA CE HA MEPEHhY
MHTEH3UTETa MarHETCKOT 110Jba 3eMJbE U KACHHjOM aHAJIN30M THX BpE.-
HOCTH KoOje Ccy J00HjeHe MepemeM yTBphyje ce reomomika rpaha oxpehe-
HOT MCTPa)XMBAHOT IIPOCTOPA Tj. HoApyyja. ['eoenekrpuyna merona je ox
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CBUX METO/a Hajpa3sHOBPCHHUja W HajBUILE KOpHILNEHA O CBHX OCTalUX.
3acHuBa ce Ha Kopulhemy BEIITAYKUX U MPUPOAHUX (QUZNUKHX I10JbA.
EnexrpomarsetHa MeTojia ce yIJIaBHOM IPHMEHbYje MPU HUCTPaKHBAY
PYOHHX TeNa, Majia cy y HOBHje BpeMe pa3pal)eHu U MOCTYIIIH KOjU MOTY
71a ce TIPIMEHE U TIPH UCTPAXKUBAIby BOJIE, OMMCKOMOBPIIMHCKHX JEI0BA
Tina ¥ cmyHo. Cerm3MuyKa MeTo/1a ce pa3Brila Ha OCHOBY Ca3Hama Koja je
MPYKWJIa CEU3MOJIOTHja M 3aCHHMBA c€ Ha (peHOMEHY MPEHOIICHa elac-
TUYHHX Jeopmalija y BULy eacTHYHHUX Tanaca Kpo3 CTEHCKE Mace Koje
n3rpalyjy 3emibuny kopy. [codusnuku kapoTax MpeacTaBiba MPUMEHY
reopu3NIKIX MeToNa Yy OYIIOTHHH, YUME ce J0OMjajy TIOAay KOjH JIeKe
Iy’K oce OyIIOTHHE, Ka0 M 'y yCKOj 30HHU OymoruHe. /labuHCcKa AeTex-
IMja PeJICTaBIba METO MIPHUKYIIbarba HHPOPMAIHja ITyTeM CHCTeMa KOjH
HUCY y AUPEKTHOM, (PU3NYKOM KOHTAKTYy Ca UCIIUTHBAHOM I0jaBOM HJIH
00jeKkToM.
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GEOPHYSICAL METHODS
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aleksandar.r023@gmail.com
Mentor: Full Prof. Snezana Komatina
Mihajlo Pupin Technical Faculty in Zrenjanin
University of Novi Sad

Abstract

In solving geotechnical problems, geophysical research and geophysical methods have a
very significant application in practice. These methods include a wide range of methods
for determining the complexity and structure of the soil itself. Using the indirect method,
different engineering characteristics of the material are determined by these methods.
Also, these methods are used to determine the layout, thickness and properties of indi-
vidual layers beneath the surface of a particular terrain, where specific work is envisaged.
These methods can be applied in many ways and are divided into several groups, that is,
different methods of testing the terrain, i.e. surfaces tested.
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Abstract

Introduction: In this paper, the coincidence technique based on an HPGe (High Purity
Germanium) detector and a plastic scintillation detector is presented. By analyzing the
collected data, it is possible to follow the time variation of cosmic ray intensity, above all
the muon component, as well as photons, originated as a result of muons’ interactions with
materials in the vicinity of the detector system. The induced photons are in the low energy
region of spectra and provide analyses of spectra in different spectral energy regions.
Aim: The detection of rare nuclear processes demands accurate knowledge of the back-
ground events that can mimic or camouflage the signal. The developed coincidence tech-
nique allows an analysis of the time variations of intensity, as well as a detection of peri-
odic or aperiodic events resulting from solar activity.

Material and Methods: The coincidence system based on an HPGe detector and a plastic
scintillator was used. The multiparameter system was used for the acquisition of data. The
detection of low-energy photons induced by cosmic muons in the vicinity of the detector
system was performed by standard gamma spectrometry methods.

Results: The developed coincidence technique was shown to be successful in analysing
the time variations of cosmic ray intensity, but also in the possibility to analyse back-
ground spectra in specific energy regions through following the time variations of low-
energy photons induced in the vicinity of the detectors. The detailed analysis is necessary
when analysing the spectra with the aim of detecting a rare nuclear event (neutrinoless
double beta decay), or possible fluctuations of the radioisotope decay constant. It is ex-
pected that it is possible to detect periodic (annual modulation of cosmic ray intensity), or
aperiodic events (Forbush effect).

Conclusion: The presented technique may be used as a precondition in all experiments
with a goal of detecting small probability processes and also to preclude an inadequate
interpretation of the detected signals.

Keywords: low-energy photons; muons; gamma spectrometry; coincidence system
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INTRODUCTION

Detection of rare nuclear events (as for example, neutrinoless double
beta decay) is followed by a careful analysis of the background. The sig-
nals from the background can mimic or camouflage the signal from a rare
nuclear event, thus one may create an inadequate interpretation of the
experimental data. For this reason, special attention is dedicated to the
reduction of possible additional sources of the background, as well as the
analysis of the existing background. One of the main contributors to the
background is cosmic rays (CR), mainly their muon component. CR muons
are produced with enough energy to create secondary particles in the inter-
actions with materials in the vicinity of the detector system. The produc-
tion of photons by CR muons within some material is a result of relatively
complex electromagnetic processes, resulting in bremsstrahlung, annihi-
lation quanta, or X-ray fluorescence lines [1]. The muon-induced photons
are low-energy (up to ~4 MeV) and can have a continuous [2] or discrete
spectrum [3]. If there are possible variations in the intensity of CR, they
will have an impact on the variation of photons also, leaving an imprint in
the registered spectra in different spectral regions.

In order to analyse the contributions of CR in the spectra, it is neces-
sary to follow the intensity time variations of CR. The current systems for
exploring the CR variations [4] on the earth’s surface are mainly based on
the direct detection of CR muons by using different detectors (for exam-
ple, scintillators) [5, 6], or on the detection of neutrons of CR-origin [7].
The experiments based on the detection of muons are pure counting exper-
iments and involve a registration of the muon flux (number of muons in
time per unit of the detector surface). In this paper, the coincidence tech-
nique for CR intensity exploration via low-energy photon detection was
presented, providing an analysis of the spectra in a different energy region.
This possibility allows the careful analysis of the selected energy part of
the spectra, within the region where, for example, a signal of a rare nuclear
event is expected to be found. It is also worth mentioning that the pattern
of intensity variations of CR does not necessarily have to match the pat-
tern of CR induced photons within certain energy region, hence the dif-
ferences between intensity variations of annihilation quanta and X-ray flu-
orescence lines may exist. On the other hand, the intensity variations of
CR induced photons within the total energy region correspond to the CR
muon intensity variations [8].

Furthermore, the time variation of CR intensity detected with the pre-
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sented coincidence technique could also be used for the detection of a pos-
sible periodic behaviour such as that related to the solar rotation [9], CR
annual modulation [10, 11], or even the registration of single events (like
Forbush effect) resulting from solar activity [12—14]. The technique for
analysing the low-energy photon intensity variations could also be suitable
when the possible fluctuations of decay constant of different radionuclides
[15—17] are searched for. In this case, when the certain gamma line inten-
sity is monitored, the intensity variations of the background should be also
considered in the corresponding energy region. In addition, intensity varia-
tions of low-energy muon-induced photons can significantly influence the
search for predicted dark matter particles (WIMPS) [18-22].

Aside from photons induced by muons and the soft component of CR
in the detector vicinity, relatively high flux (~ 3000 s' m?) of CR-ori-
gin photons reaches the surface of the Earth. The maximum energy in the
spectrum of these photons in open areas is at about 90 keV [23]. In order
to distinguish the low-energy photons of CR origin from air-backscat-
tered environmental gamma rays [24], the coincidence measurements are
required [25]. The coincidence technique presented in this paper is based
on an HPGe detector and a plastic scintillation detector.

MATERIALS AND METHODS

The experimental set-up was located on the ground level (80 m a.s.1),
inside the laboratory of the Department of Physics, Faculty of Sciences in
Novi Sad (45.245161°N, 19.851909°E). The detection system was below
the five-storey building with ceilings made of 15-cm-thick concrete layers.
The coincidence system was based on an extended-range HPGe detector
and a plastic scintillation detector (Fig. 1). Inside the laboratory, the tem-
perature, atmospheric pressure and relative humidity are controlled and
monitored within the interval of one hour each day, thus possible influ-
ences of these parameters [26] on the detection system are minimized.

The HPGe detector contains a planar shape Ge crystal (thickness 35
mm, diameter 80 mm, sensitive detector surface 5 000 mm?) with a carbon
fiber window. The carbon fiber window is only 0.6 mm thick and made of
high-strength carbon fiber composite, providing an 85% transmission for
photon energy above 15 keV, and almost a 100% transmission for photon
energy above 20 keV. The plastic scintillation detector is a circular shape
with a diameter of 20 cm and thickness of 5 cm. In order to reduce the
number of the detected environmental gamma rays, the HPGe detector was
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Fig. 1 Schematic view of the coincidence system for detection of low-energy
photons. Abbreviations: H.V. — High Voltage Power Supply, Preamp. — Preampli-
fier, Ge — Germanium Detector, Pb — Lead Shield, Plastic scint. — Plastic Scintil-
lation Detector, Amp. — Amplifier, ADC — Analog to Digital Converter, MPA-3
— Multiparameter Data Acquisition System, PC — Personal Computer, (1) — Inci-

H.V.
+1170V

dent particle, (2) — Induced secondary particle.
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surrounded laterally and from the top with 5-cm-thick lead shields (Fig.
2). The plastic scintillator was positioned at the distance of 15 cm from the
HPGe detector end-cap, forming in this way a solid angle of ~1. (47 sr)
in which the muons are registered. 1

3)

(1)

Plastic
scintillator |

il

N

Pb

5cm

Fig. 2 Arrangement of plastic scintillator, HPGe detector and Pb shield in the ex-
perimental setup. Paths of incident particles (1) and (2) constrain the solid angle
[J in which direct coincidence events between two detectors may occur, leading
to the non-detected high-energy part of the HPGe detector spectrum. Incident
particle (3) interacting with the plastic detector and secondary induced particle
(4) detected by the HPGe detector represent an example of a coincident event,
which gives contribution to the low-energy part of gamma spectrum obtained by
HPGe detector (10 keV—-1 MeV).
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The detectors operated in the coincidence mode with 20-ps coincidence
interval. Data were acquired for 42 days (from 27 April to 8 June 2018).
The cut-off for the plastic scintillator spectrum was set at ~4 MeV by cor-
responding LLD (low-level discriminator) of analog to digital converter
(ADC), thus reducing the contribution of chance coincidence and reject-
ing the environmental gamma rays (originating from natural decay series
of 28U, #?Th and primordial radionuclide “’K). The LLD for the HPGe
detector was set to zero, allowing the detection of photon energy above 5
keV (the only limitation was the transmission of the photons through the
carbon fiber window). The upper energy limit was about 4.5 MeV. Accord-
ing to these settings, the energy region for the detection of photons induced
by CR with this coincidence system was 5 keV—4.5 MeV.

The acquisition of data was conducted using an MPA-3 multiparameter
system [27]. This system allows the collection of several spectra (Fig. 3):

1) Coincidence spectrum of the HPGe detector (Fig. 3a);

2) Coincidence spectrum of the plastic scintillation detector (Fig. 3b);

3) Two-dimensional (2D) coincidence spectrum of the plastic and HPGe
detector (Fig. 3¢);

4) Two-dimensional (2D) spectrum of coincidence events from the
HPGe detector as a function of time.

The time bin size of one channel was 0.5 h, while the data were col-
lected for 42 days, thus at the end of the acquisition roughly 2 000 points
were obtained. In the coincidence spectrum of the HPGe detector, two
lines are prominent: Pb X-ray fluorescence lines and the annihilation line.
In the coincidence spectrum of the plastic scintillation detector, the most
prominent is the muon energy deposition peak with the average energy of
about 10.5 MeV. The color of the dots in 2D spectra represents the num-
ber of events acquired within each channel.

It can be clearly seen from Figs. 3b and 3¢ that LLD for the plastic
scintillator is set at 4 MeV.

The MPA-3 software provides a possibility for offline analysis of the
collected data. Hence, in each of the collected spectra, certain energy
regions could be selected (low-energy region, the region of annihilation
quanta, and the region of Pb X-ray fluorescence lines) (Fig. 4a).

RESULTS

The quality of the developed coincidence system was tested by compar-
ing the coincidence and direct spectrum of the HPGe detector through an
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Fig. 3 Spectra obtained with MPA-3 multiparameter device: coincidence spec-
trum of HPGe detector (a), coincidence spectrum of plastic scintillation detector
(b), two-dimensional spectrum of the plastic and HPGe detector (c), two-dimen-
sional spectrum of events collected in HPGe detector depending on time (d).

estimation of the chance coincidence contribution. The coincidence spec-
trum was obtained by an offline selection of the energy region 50 keV—
4.5 MeV in the 2D spectrum (Fig. 3¢) and projection of it onto the y-axis.
An example of selecting the region of annihilation, and projecting it onto
the y-axis is shown (Fig. 4a). The result is the dependence of the counts
of the annihilation line with time, presented in Fig. 4b. The same proce-
dure could be applied to any energy region of the spectrum. In this paper,
three regions were selected for analysis: low-energy region (10-1120 keV),
annihilation line region (511 keV) and Pb X-ray fluorescence lines region
(75 keV and 84 keV).

As can be seen from Fig. 5, the differences in the intensities of the
coincidence spectrum and the direct (single) spectrum are obvious. The
net count rate in the coincidence spectrum and the direct spectrum of the
HPGe detector was found for the energy region 50 keV—4.5 MeV. The ratio
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Fig. 4 Example of selecting energy region of annihilation line in coincidence
spectrum of HPGe detector depending on time (a), intensity variations of annihi-
lation line in time (raw experimental data) obtained after a projection of selected
energy region (b). It should be noticed that on the y-axis of (b) channels are rep-
resented, while to the each channel the energy could be assigned.

Lin gie AL
of intensities was obtained to be froinc .

The dominant line regarding the chance coincidence is 1460.8 keV
gamma line originated from *K. The *K—the line was found to be ~2.2
times higher than the background continuum in the coincidence spectrum,
while it was ~42.5 times higher than the continuum in the single spectrum.
The ratio 2.2/42.5 is about 5%, showing a small contribution of a chance
coincidence to the coincidence spectrum of the HPGe detector and prov-
ing the efficiency of the coincidence system to register only pure muon
component contribution.
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Fig. 5 The comparison between direct (single) spectrum (upper) of HPGe and
coincidence spectrum of HPGe (lower). The most prominent gamma lines are
marked, while differences in intensities of lines are obvious.

In order to study low-energy photon variations during the experimen-
tal acquisition time, the described procedure of selecting the appropri-
ate regions of the 2D spectrum and projecting it onto the time axis was
applied for the three regions. Then, it was necessary to conduct the anal-
ysis of intensity time variations. Firstly, the raw data (divided into 0.5-h
wide bins) were averaged over 6-h time intervals. Also, the mean count
rates with standard deviations were found for the total acquisition time.
The obtained spectra were presented in the following way: on the x-axis
the time in hours; on the y-axis the relative deviations from mean values
in counts; the raw data divided in 6-h time bins (light-blue vertical lines);
the raw data averaged over 6-h time interval (black line); maxima and min-
ima of 6-h time interval averaged data (red dots); corridor of uncertainty
of averaged data at the 68% confidence level (gray line); standard devia-
tion of mean value derived from raw data (green line). The three selected
spectra are obtained (Fig. 6) following the procedure as it was described.

Additionally, the possible periodic behavior of muon-induced low-
energy photons was analysed by applying the Fourier and Lomb-Scargle
algorithms [28], but on raw experimental data. The Fourier algorithm trans-
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time [b]

Fig. 6 Low-energy photon variations depending on time for selected energy re-
gions: 70-90 keV, Pb X-ray fluorescence line (a), 511 keV, annihilation line (b),
and 10-1220 keV, low-energy region (c). The red dots represent maxima and
minima of 6-h averaged data. As can be seen, no significant deviations are found
within the 42 days of acqusition.

forms the function into the sets of sinusoidal functions with a continuum
of possible frequencies. The Lomb-Scargle periodogram is a well-known
algorithm for detecting and characterizing periodic signals in unevenly-
sampled data [29]. The example of applied algorithms on the low-energy
photon region (10—1220 keV) is presented (Fig. 7).
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Fig. 7 Lomb-Scargle periodogram with the corresponding significance level (of
global character) applied on the energy region of low-energy photons (10—1220
keV).

DISCUSSION

The developed coincidence technique was tested in order to prove the
quality of the detection system for intensity variations of low-energy pho-
tons induced by CR-origin muons in the vicinity of the detectors. The per-
formances of the system were analysed by selecting the different regions
of the plastic scintillation detector and the HPGe detector in direct (sin-
gle) and coincidence spectrums, thus estimating the negligible contribu-
tion of chance coincidences. One of the possible analyses of the collected
data—Fourier and Lomb-Scargle analyses are conducted in order to search
for possible periodic or aperiodic behaviours.

The experiment was performed in a controlled environment. The tem-
perature, pressure and relative humidity were monitored, thus the possi-
ble influences of these parameters on the detection system [26] were min-
imized. However, the correlation between the atmospheric temperature
or pressure and intensity variation of the CR-induced low-energy photons
[30, 31] was not searched for.

As can be seen from Fig. 6, no significant deviation was noticeable
for all three selected regions. The maxima and minima of the 6-h time-
averaged data (red dots) are within two sigma region of the mean count
rate. The only remarkable event that can be described as a weak aperiodic
Forbush-like indication (decrease in the intensity on Fig. 6¢) appeared at
around 380 h of data acquisition (this event corresponds to 13 May 2018
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at 12 a.m. UT).

The Lomb-Scargle periodogram did not show any periodicity of low-
energy photons, at a significant level 0=0.05 during the 42 days of acqui-
sition. The similar absence of the periodic behaviour of low-energy photon
intensity was also revealed for two other selected regions—Pb X-ray fluo-
rescence lines and the annihilation line. If the goal would be the detection
of the weak CR annual modulation seen by Borexino at the percent level
[10, 11] with the presented coincidence technique, it is estimated that this
experiment would be sensitive to ~2% variations of 24-h averaged data in
the case when the region of low-energy photons is selected (10-1220 keV).

CONCLUSIONS

In this paper, a new approach for the analysis of intensity time vari-
ations of CR-origin low-energy photon was presented. The coincidence
system based on an HPGe detector and a plastic scintillation detector was
used for the acquisition of data. The details of creating the time-dependent
spectrum of specific energy regions from the collected 2D spectrum were
explained. Three energy regions (low-energy region, annihilation line and
Pb X-ray fluorescence line) were analysed for aperiodic events, however,
no significant aperiodic intensity deviations were found. The absence of
significant periodic behaviours was also remarkable in all three selected
energy regions of the collected data during the 42 days of acquisition.

In comparison to the statistics of the collected CR events in dedicated
muon stations [32—35], the statistics obtained with the presented coinci-
dence technique is significantly lower, but this approach allows the possi-
bility to explore the CR intensity variations with time simultaneously with
low-energy photon intensity variations within different energy regions.
Thus, the technique can be applied in any experiment with the aim of
detecting rare events (i.e. small probability events), where the influence
of the low-energy photon intensity variations cannot be neglected. Inde-
pendently from the search for rare nuclear events, the technique can be
utilized in the analysis of possible small fluctuations of decay constants of
radionuclides, or in the detection of dark matter particles, which are also
newsworthy areas of research. At the same time, the CR intensity varia-
tions could be used for the detection of periodic or aperiodic events related
to solar activity.
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Sazetak

Uvod: U radu je prikazana koincidentna tehnika koja se sastoji od HPGe (High Purity
Germanium) i plasti¢nog scintilacionog detektora. Na osnovu prikupljenih podataka, mo-
guce je pratiti vremenske varijacije intenziteta kosmickog zracenja, pre svega njegove
mionske komponente, kao i fotona koji su rezultat interakcije miona sa materijalima u
okolini detektorskog sistema. Indukovani fotoni su u regionu niskih energija dobijenih
spektara i omogucavaju analize spektra u specificnim energetskim regionima.

Cilj: Detekcija retkih nuklearnih procesa zahteva precizno poznavanje fonskih dogadaja
koji mogu maskirati ili oponasati trazeni signal. Razvijena koincidentna tehnika omogu-
¢ava pracenje vremenskih varijacija intenziteta, kao i detekciju periodi¢nih i aperiodi¢nih
dogadaja koji su posledica Sunceve aktivnosti.

Materijal i metode: U radu je kori$¢en koincidentni sistem koji se sastoji od HPGe 1
plasti¢nog scintilatora. Za prikupljanje podataka koris¢en je multiparametarski sistem.
Detekcija niskoenergetskih fotona indukovanih mionima u okolini

detektorskog sistema se vrsi standardnim gama-spektrometrijskim metodama.

Rezultati: Razvijena koincidentna tehnika se pokazala uspesnom u analizi vremenskih
varijacija intenziteta kosmickog zracenja, kao i u moguénosti analize fonskih spektara
u specifiénim energetskim regionima kroz pracenje vremenskih varijacija niskoenerget-
skih fotona indukovanih u okolini detektora. Ovako detaljna analiza je neophodna prili-
kom analize spektara sa ciljem detekcije retkih nuklearnih procesa (npr. bezneutrinskog
dvostrukog beta raspada), kao i potencijalnih fluktuacija konstante raspada radioizotopa.
Ocekuje se da je moguca detekcija periodi¢nih (npr. godi$njih modulacija intenziteta ko-
smic¢kog zracenja) i aperiodi¢nih procesa (npr. Forbus efekta).

Zakljucak: Prikazana tehnika moze posluziti kao preduslov za sve eksperimente detek-
cije procesa sa malom verovatno¢om odigravanja i onemoguciti neadekvatna tumacenja
detektovanih signala.

Kljucne reéi: Niskoenergetski fotoni; mioni; gama spektrometrija; koincidentni sistem.
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Abstract

Introduction: Chemical industry waste poses a potential radiological hazard to the popu-
lation and the environment, as well as to the workers exposed to it. This is due to the
emission of radiation from natural radioisotopes 226Ra, 232Th, and 40K whose increased
activity concentrations are potentially present in some of them. According to the direc-
tives of the European Union and the Republic of Serbia, the permitted annual effective
dose from radiation exposure for workers is 20 mSv per year.

Aim: The aim of this paper is to investigate the levels of radioactivity of some wastes
from the Serbian chemical industries, which are present in large quantities. Activity con-
centrations of 226Ra, 232Th, and 40K in phosphogypsum, pyrite ash, EMCO mud, and
Pb/Ag mud samples were determined, and a radiation risk assessment for workers was
performed.

Material and Methods: Samples were analyzed by low-background gamma-ray spec-
trometry using an HPGe detector to determine the activity concentrations of 226Ra,
232Th, and 40K. Based on the measured values, gamma indices (Iy), absorbed radiation
dose rates (D), and annual effective doses (De) for occupational exposure to these materi-
als were estimated.

Results: The values of the gamma index (Iy), and absorbed gamma dose rates (D) were
above the permitted values only in the phosphogypsum samples, while in the other sam-
ples they were below the recommended values. The obtained annual effective doses (De)
were below the value of 20 mSv y-1 for all samples.

Conclusion: Based on the obtained results, it is concluded that there is no particular radia-
tion hazard for workers handling such waste materials, since the values of the parameters
for the estimation of radiation effects are below the permitted values for most samples.
Keywords: phosphogypsum; pyrite ash; EMCO mud; Pb/Ag mud; gamma indices; an-
nual effective doses
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INTRODUCTION

The production of metals and metallurgical raw materials is a signif-
icant area of economic and social development of a country. During the
production of metallurgical raw materials and the processing of metals
from various technological processes, large quantities of metallurgical
slag, sludge, and other waste materials can be generated, which are tem-
porarily or permanently accumulated, usually near the chemical industries
in which they are produced [1].

In the world, chemical industries generate large quantities of waste
materials that can endanger and contaminate soil, surface, and ground-
water, causing enormous environmental damage [2]. These waste materi-
als usually contain traces of different heavy metals, and may also contain
increased activity concentrations of some radionuclides. According to the
2010 Waste Management Strategy of the Republic of Serbia, such mate-
rials are classified as hazardous waste [3].

Serbia has been known for the production of non-ferrous metals (zinc-
lead and tin) and artificial fertilizers since the first half of the 20" century.
Zink was produced in Serbia until 2006 (when its production ceased) by
hydrometallurgical process of the processed sulfide concentrate (ZnS-
sphalerite), mostly from the “Sase” mine from Srebrenica (Bosnia and
Herzegovina), “Trepca” from Kosovo and Metohija (Serbia), and from
Romania and Nigeria.

The aim of this paper is to investigate the levels of radioactivity of some
wastes from the Serbian chemical industries, which are present in large
quantities. Activity concentrations of 2>*Ra, 2*?Th, and “°K in phosphogyp-
sum samples, pyrite ash, EMCO sludge, and Pb/Ag mud were determined.
Gamma indices (IY), absorbed radiation dose rates (D), and annual effective
doses (D) for occupational exposure to these materials were evaluated.
The presented paper is the first study of the radioactivity level of pyrite
ash, EMCO mud and Pb/Ag mud from the former “Zorka obojena metal-
urgija” chemical industry in Sabac, Serbia.
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MATERIALS AND METHODS
Samples description
Phosphogypsum

Phosphogypsum is a by-product of the wet-process production of phos-
phoric acid. The formation of phosphogypsum can be represented by the
reaction (1) [4].

Ca,(PO,),F + 5H,SO, + 10H,0 — 3H,PO, + 5(CaSO, - 2H,0) + HF (1)

Mineral ore fluor apatite (Ca,(PO,),F) reacts with sulfuric acid and
water, while the main products are phosphoric acid, hydrogen fluoride,
and waste phosphogypsum. The amount of phosphogypsum produced is
usually 5 times larger than the amount of phosphoric acid, Fig. 1 [4, 5].

According to its chemical composition, phosphogypsum is CaSO, -
2H,0, and very similar to natural gypsum. It differs from natural gypsum,
while it can contain more than 50 different impurities. Phosphogypsum
may have an increased concentration of *°Ra in its composition, which
is usually in the range of 200 to 3000 Bq kg™ [6]. Exposure of industrial
workers to phosphogypsum containing high activity concentrations of *Ra
may pose a health hazard as a result of the exposure to gamma radiation
and inhalation of *’Rn.

Large amounts of phosphogypsum, which is disposed mainly without
any treatment, are deposited in the world. In Serbia, phosphoric acid is
produced in large quantities, with an annual yield of about 810,000 tons
of waste phosphogypsum and about 165,000 tons of phosphoric acid [7].
Certain quantities of phosphogypsum waste are sold to cement factories,
although there is no official information in what quantities, but estimates
are that they are smaller.

Pyrite ash

One of the potentially hazardous wastes from the chemical industries in
Serbia is pyrite ash. It was deposited without any protection measures in
the amount of about 500,000 tons. Pyrite ash is a by-product in the produc-
tion of sulfuric acid (H,SO,), produced as a result of the contact process of
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Fig. 1 Block diagram of phosphoric acid production process with radionuclide
distribution through processes [5].

granulated pyrite ore (FeS,) in the process of frying at atmospheric pres-
sure and temperature between 850 and 1000°C [8, 9], reaction group (2—4):

2FeS, 2FeS + S, )
2FeS + 70, <> 2Fe,0,+4S0, 280, + 0, 2SO0, 3)
3FeS + 50, >Fe,0,+3S0, = SO, + H,0 « H,SO, 4)

According to its composition, pyrite ash is a mixture of Fe O, and Fe O,
iron oxide and is usually red to dark red in color. One of the main produc-
ers of sulfuric acid as a strategic product, as well as waste pyrite ashes, in
Serbia was “Zorka Sabac”. The produced sulfuric acid was used in fertil-
izer production and metallurgy. All the produced pyrite ash waste in this
industry was deposited in the soil because it was used to level the terrain.
However, this deposition could contaminate underground watercourses and
degrade the soil. In recent years, larger quantities of pyrite ash from Sabac
have been excavated and exported to China, so the amount of half a mil-
lion tons has been significantly reduced, reducing in this way the poten-
tial for an environmental catastrophe.
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EMCO mud

During the processing of concentrated zinc in the “Zorka obojena met-
alurgija Sabac* chemical industry, according to the traditional technology
procedure, the EMCO mud was deposited as a waste product, which con-
tained more than 20% of zinc, 30% of iron, and in smaller amounts lead,
cadmium, and sulfur [1, 10]. The produced EMCO mud was used for lin-
ing the soil and leveling the terrain around the industry “Zorka Sabac®,
although in the last years the mud has been excavated and exported to
China. Some estimation is that around 34,000 tons of EMCO muds were
deposited in Serbia [11], while 20,000 tons were exported.

e _ ;
Fig. 2 Appearance of a sample of phosphogypsum (a) and pyrite ash (b), after
drying and crude EMCO mud (c) and Pb/Ag mud (d).
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Pb/Ag mud

Pb/Ag mud is a mixture of zinc jarosite and lead-silver precipitate,
which is produced as a product of the technological process of zinc sulfide
concentrate processing by hydrometallurgical process. Pb/Ag mud (precip-
itate) usually contains traces of zinc, lead, copper, cadmium, cobalt, and
other metals [11]. The established values of the elements greater than 1%
present in the Pb/Ag precipitate are Fe—27%, Zn—7%, S—9%, Pb—6% and
Si—3%, while the presence of other elements is less than 1% (AI-0.91%,
Cu and Ca—0.52%, As—0.33%, K-0.26%, and Ag—0.022%) [10]. One of
the largest landfills of Pb/Ag sediment in Serbia is within the framework of
the former “Zorka obojena metalurgija” in Sabac. It is estimated that this
by-product was deposited outdoors in the amount of 300,000 tons with-
out any protection measures [10].

Sample preparation

Samples of phosphogypsum were taken from a landfill of one of the
fertilizer chemical industries in Serbia. Samples of pyrite ash and EMCO
sludge were taken from sites in Sabac, where they were used to fill the soil,
while samples of Pb/Ag mud were taken from a landfill located within the
chemical industry “Zorka obojena metalurgija” in Sabac. All samples were
dried at 105°C between 6 and 8 h until constant mass, after which they
were homogenized to a fine powder and transferred to cylindrical plastic
containers of 6.7 cm in diameter and 6.2 cm in height, after which they
were sealed. Teflon tape was used to prevent diffusion of Rn. The sam-
ples were measured after a minimum of one month, as a secular radioac-
tive equilibrium was established between Rn and ***Ra.

Radioactivity measurements

Samples were analyzed by the IAEA TRS 295 method [12]. The mea-
surement time of one sample was about 60,000 s. The typical sample
weight was about 300 g. To determine the activity concentration of *Ra,
22Th, and K, a low-level gamma-ray spectrometry method was used by
an HPGe detector manufactured by Canberra, with a relative efficiency of
36% and a resolution of 1.9 keV. A lead shield of 12-cm-thick and 3-mm-
thick copper was constructed around the detector to prevent the penetration
of X-radiation from the K shell of the lead in the energy range of 75-85

76



keV [13]. Energies of gamma quanta used to estimate the activity concen-
trations of the given radionuclides are presented in Table 1 [14]. Gamma
spectra were collected and analyzed using the Canberra Genie 2000 soft-
ware. All measurement uncertainties are given at a confidence level of
95%. The measurement uncertainties for the obtained activity concentra-
tions are calculated based on the Eq. (5), taking into account the statistical
uncertainty and efficiency uncertainty on the corresponding energy [15]:

l'T
%

|
N (5)

where %4 is measurement uncertainty for the eiven measured activity
concentration of the corresponding radionuclide, % is measurement uncer-
tainty derived on the individual energies of the gamma peaks of the corre-
sponding radionuclide. Statistical uncertainty of the radioactive decay of
the radionuclides is calculated in the Genie 2000 software. [15].

The calibration of the detector was performed in cylindrical geometry
using a reference radioactive material homogeneously distributed in sili-
cone resin of the volume V"= 250 cm?® (Czech Institute of Metrology, Cer-
tificate No. 1035-SE-40001-17). Using the ANGLE software, a correction
was made to the effect of self-absorption, which may affect the detection
efficiency, and it is due to matrices of different densities [14]. Such accu-
rate calibration is necessary to provide a small measurement uncertainty
(<10%) when determining radioisotope activity in the low-energy range
(below 100 keV). The integral counting speed in the range between 30 and
3000 keV was 2 counts s

Table 1 Isotopes used to determine 226Ra, 232Th and 40K.

Natural radioisotope Energy (keV) Nuclide detected
226Ra 295.2 214Pb
351.9 214Pb
609.3 214Bi
22Th 238.6 212Pp
911.2 28Ac
969.1 28Ac
K 1460.8 K
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Assessment of radiation impact on workers

Gamma indices (7 ), absorbed dose rates (D), and annual effective doses
(D,) were used to estimate the radiation risk for workers when handling
the analyzed waste samples.

The gamma index is used for the radiological characterization of spe-
cific materials and can be calculated using the Eq. (6), according to the
regulation in the Republic of Serbia [16]:

] = CREI. CTh C}{
¥ 300 200 3000

(6)

where C, , C, , and C, are the activity concentrations of ***Ra, ***Th,
YK in Bq kg', respectively. The recommended gamma index value for a
given material to which a worker is exposed during radiation should be
less than 1 [17].

The rate of the absorbed dose in the air (1) originating from gamma
rays of 2*Ra, »*?Th and *K from a given material can be calculated using

the Eq. (7) [18]:

D = 0.429Cy_ + 0.666C, + 0.042C, (7)
where C, , C,,, and C, are the activity concentrations of *°Ra, ***Th,
YK in Bq kg, respectively, and the absorbed dose rate is expressed in nGy
h'. The average value of the absorbed gamma radiation dose for specific
materials in the world is 59 nGy h'! [19].
Based on the estimated absorbed dose rate given by the Eq. (7), the
annual effective dose received by a worker can be calculated using the

Eq. (8) [19]:

D (mSvy™) = D(nGyh™) x 8760(h) x 0.2 x 0.7 (Sv Gy™!) x 107° (8)
where D is the absorbed dose rate expressed in nGy h!, 8,760

h is the time during one year (365 days), 0.2 is the exposure fac-
tor (20% of the annual time a worker spends working with a given
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material) and 0.7 Sv Gy is a conversion factor for gamma radiation
[17]. According to the laws of the Republic of Serbia, the permissi-
ble annual effective dose for occupationally exposed persons in the
Republic of Serbia is 20 mSv or 100 mSyv for a period of 5 years [20].

RESULTS AND DISCUSSION

The measured values of the activity concentrations of 2**Ra, >**Th and
YK in the 13 investigated samples of by-products from chemical indus-
tries in Serbia (3 phosphogypsum samples, 4 pyrite ash samples, 4 EMCO
mud samples, and 2 Pb/Ag mud samples) are given in Table 2. The aver-
age values of activity concentration of ?*Ra are 562 + 59 Bq kg, 7+ 1 Bq
kg', 16 =2 Bq kg and 45 + 3 Bq kg™, respectively, for phosphogypsum
samples, pyrite ash, EMCO mud, and Pb/Ag mud, respectively. The aver-
age activity concentration values of 2*Th are 3.2 Bq kg, 3.5 Bq kg, 5.2
Bq kg'and 5.9 + 0.3 Bq kg'!, for samples of phosphogypsum, pyrite ash,
EMCO mud and Pb/Ag mud, respectively (average = standard deviation).
The average activity concentration values of “’K are 107 = 5 Bq kg, 114 +
2Bqkg!, 113 +4 Bqkg' and 140 + 4 Bq kg!, respectively, for phospho-
gypsum samples, pyrite ash, EMCO mud, and Pb/Ag mud, respectively.

Compared to the earlier studies from 2007 of phosphogypsum produced
in Serbia by the author Rajkovic et al. [4], the average values of **Ra and
K in this paper have 1.3 and 12.3 times higher values, respectively, while
the values measured for >?Th are almost 3 times lower.

The calculated values of gamma indices, absorbed dose rates and the
annual effective dose for all 13 by-product samples are given in Table 2.

The average gamma index value for 3 phosphogypsum samples is 1.95
and exceeds the recommended value of 1 defined in Ref. [17]. Gamma
index values for pyrite ash, EMCO mud and Pb/Ag mud samples are below
the recommended value [17].

The average value of the absorbed dose rate for 3 phosphogypsum sam-
ples is 251 nGy h'! and exceeds the world average of 59 nGy h'! [17]. The
average values of absorbed dose rates for other by-products are below the
average of 59 nGy h'! [17].

Estimated annual effective dose values are below the 20 mSv y! worker
exposure limit [17] for all by-product samples, while the range of average
values is from 12 pSv y! for pyrite ash samples to 308 uSv y! for phos-
phogypsum samples.
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CONCLUSIONS

In this paper, radioactivity level measurements and an assessment of
the radiation risk when working with some of the by-products produced in
the chemical industries in the Republic of Serbia (phosphogypsum, pyrite
ash, EMCO mud, and Pb/Ag mud samples) were performed. The obtained
activity concentrations of **Ra, #2Th and *’K indicate that the highest con-
centration of 2*Ra in phosphogypsum samples is up to 130 times higher
than in other samples, while 2*Th and “°K are present at approximately
the same concentrations in all samples. Based on the obtained values of
gamma indices, absorbed dose rates, and annual effective doses, it can be
concluded that there is no particular radiation risk of exposure to ionizing
radiation for workers when handling these materials.
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RADIOAKTIVNOST OTPADA 1Z HEMIJSKIH INDUSTRIJA U
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Sazetak

Uvod: Otpad hemijske industrije predstavlja potencijalnu radiolosku opasnost za stanov-
nistvo i zivotnu sredinu, kao i za radnike koji su njima izloZeni. Ovo je posledica emisije
zraCenja od prirodnih radioizotopa 226Ra, 232Th i 40K, ¢ije se povecane koncentracije
aktivnosti u njima mogu naéi. Prema direktivama Evropske unije i Republike Srbije, do-
zvoljena godiSnja efektivna doza izloZenosti zracenju za radnike iznosi 20 mSv godisnje.
Cilj: Cilj ovog rada je ispitivanje nivoa radioaktivnosti nekih otpada iz srpskih hemijskih
industrija, kojih ima u velikim koli¢inama. Odredene su koncentracije aktivnosti 226Ra,
232Th i 40K u uzorcima fosfogipsa, piritne izgoretine, EMCO mulja i Pb/Ag taloga i
izvr§ena je procena radijacionog rizika za radnike.

Materijal i metode: Uzorci su analizirani metodom nisko-fonske gama spektrometrije
koris¢enjem HPGe detektora. Odredene su koncentracije aktivnosti 226Ra, 232Th 1 40K.
Na osnovu izmerenih vrednosti, procenjeni su gama indeksi (Iy), brzine apsorbovanih
doza zracenja (D), kao 1 godi$nje efektivne doze (De) za profesionalnu izlozenost pri radu
sa ovim materijalima.

Rezultati: Procenjene vrednosi gama indeksa (I ), i brzina apsorbovanih doza zraCenja
(D), iznad su dozvoljenih vrednosti samo kod uzoraka fosfogipsa dok su kod ostalih uzo-
raka ispod preporucenih vrednosti. Dobijene godisnje efektivne doze (De) su ispod 20
mSv kod svih analiziranih uzoraka.

Zakljucak: Na osnovu dobijenih rezultata se zakljucuje da ne postoji naro€ita radijaciona
opasnost za radnike koji rade sa ovim otpadnim materijalima, jer su vrednosti vecine pa-
rametara za procenu radijacionog uticaja ispod dozvoljenih vrednosti.

Kljucne reéi: Fosfogips; piritna izgoretina; EMCO mulj; Pb/Ag talog; gama indeksi; go-
disnje efektivne doze
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IZJEDNACAVANjE KOEFICIJENATA U HEMIJSKIM
REAKCIJAMA POMOCU MATRICA I SISTEMA LINEARNIH
JEDNACINA
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Sazetak

Izjednacavanje koeficijenata u hemijskim reakcijama od sustinske je vaznosti u mnogim
istrazivackim, sintetskim, analitickim, instrumentalnim, industrijskim i mnogim drugim
metodama u farmaciji. U standardnom pristupu balansiranja hemijskih jednacina, polazi
se od izjednaCavanja koeficijenata ispred jednog elementa u reaktantima i proizvodima.
Na osnovu toga, vrsi se balans preostalih koeficijenata u jednacini, do postizanja ravnoteze
broja atoma svakog elementa na levoj i desnoj strani jednacine. Kod oksido-redukcionih
reakcija, balans se postize izvodenjem polureakcija iz glavne jednacine. U ovom radu pri-
kazan je jedan alternativan nacin za odredivanje koeficijenata u hemijskim jednacinama,
primenom sistema linearnih jednacina koje se reSavaju matricnim metodom i Gausovim
algoritmom. Iako standardni nac¢in moze biti jednostavan u jednacinama sa malim brojem
jedinjenja, on se moze znatno zakomplikovati u jedna¢inama u kojima se javlja veéi broj
jedinjenja. Predlozeni pristup moze ubrzati i olaksati rad tokom razli¢itih procedura koje
zahtevaju precizan odnos molekula u hemijskim jednac¢inama. Na primerima je pokazano
da se ove metode mogu koristiti u razli¢itim tipovima hemijskih jednacina.

Kljuéne redi: Hemijska jednacina; sistem linearnih jednacina; matri¢ni metod; Gausov
algoritam
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UvOoD

Hemijska jednacina predstavlja stehiometrijski odnos medu reaktantima
izmedu kojih se odvija hemijska reakcija, koji se navode na levoj strani
jednacine i proizvoda koji nastaju u datoj hemijskoj reakciji, koji se navode
na desnoj strani jednacine[1]. Ispred svakog molekula, nalazi se koeficijent
koji predstavlja koli¢inu reaktanata koji reaguju u reakciji, i koli¢inu
proizvoda koji nastaju u reakciji. Koli¢ina svakog elementa u jednacini
mora biti jednaka sa njene leve i desne strane, tj. broj atoma elementa kao
reaktanta mora biti jednak broju atoma tog elementa kao proizvoda reakcije
[1]. Balans hemijske jednacine postize se izjednaCavanjem koeficijenata
sa leve i desne strane jednacine.

Koli¢inski odnos medu molekulima je od znacaja i prilikom same
pripreme u izvodenju reakcija. Jedan od primera su kvalitativne reakcije,
gde spadaju i talozne reakcije, kod kojih se u visku reagensa nastali talog
moze rastvoriti i dovesti do pojave lazno negativne reakcije i pravljenja
greske tipa 2, koja podrazumeva prihvatanje neispravne nulte hipoteze
i odbacivanje ispravne alternativne hipoteze [2]. Isto tako, nedovoljno
dodavanje reagensa nece istaloziti drugu supstancu, Sto takode predstavlja
lazno negativnu reakciju i donosenje pogresnog zakljucka u ispitivanju [2].
Kod kvantitativnih ispitivanja lekova, primenjuju se titracije u kojima se
odnos izmedu titranta i analizirane supstance mora znati unapred, kako
bi se moglo izvrsiti preracunavanje koli¢ine analizirane supstance nakon
zavrsene titracije [3]. Kod oksido-redukcionih reakcija, takode je bitno
precizno odredivanje koeficijenata, kako bi se metode koje se zasnivaju na
njima izvele pravilno i kako bi se doslo do ispravnog zakljucka o predmetu
ispitivanja [2-3].

Izjednacavanje koeficijenata u hemijskim jednacinama se vrsi tako
Sto se prvo odredi odnos koeficijenata ispred jednog elementa, zatim, na
osnovu tog odnosa, odrede se i koeficijenti ispred ostalih molekula u reak-
ciji. Ovaj metod je uspesan i jednostavan ako se primenjuje u jedna¢inama
sa malim brojem jedinjenja. Medutim, ovaj postupak moze biti znatno
komplikovaniji ako su u pitanju jednacine koje se sastoje od veéeg broja
jedinjenja.

U ovom radu bice prikazana dva alternativna nacina za odredivanje
koeficijenata u hemijskim jednacinama, primenom sistema linearnih jed-
nacina koje se reSavaju matriénim metodom i Gausovim algoritmom. Pri-
stup balansiranju hemijskih jednacina uobicajeno ne ukljucuje primenu
matematickih metoda, ve¢ se postepenim izjednaavanjem koeficijenata
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ispred jednog po jednog elementa, dolazi do kona¢nog izbalansiranog
oblika hemijske reakcije.

U sledeca dva primera, bi¢e prikazan nacin balansiranja hemiijskih
jednacina pri standardnom pristupu.

Primer 1. Neka je data slede¢a hemijska jednacina.

aFeCl3+bSnC12—>cF eClL+dSnCl,.

Kako reakcija pripada oksido-redukcionim, izvode se polureakcije na
osnovu kojih ¢e se vrsiti balans koeficijenata medu molekulima.

Fe**—Fe? /[+1e
Sn**—Sn* /-2¢

Sledec¢i korak podrazumeva mnozenje prve polureakcije brojem dva,
kako bi broj elektrona ciji se transfer vrsi bio jednak, odakle sledi:

2Fe**—2Fe?* /+2e
Sn**—Sn*" /-2¢".

Broj atoma svakog elementa u polureakcijama uvede se u glavnu
hemijsku jednacinu i time se reSava problem balansiranja date hemijske
jednacine.

2FeClL,+SnCl,—2FeCl,+SnCl,
Primer 2. Neka je data slede¢a hemijska jednacina.
aAs S +bNO*+cH"—dAsO *+eSO,*+/NO,+gH O

Kako i ova reakcija pripada oksido-redukcionim po istom principu
izvode se polureakcije.

As 7 —2As™ [-de
NN+ /+1e
S.7—38% /-24e

Kako se iz glavne hemijske jednacine izvode tri polureakcije i kako je
broj jedinjenja veci u odnosu na reakciju iz prvog primera, balansiranje
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hemijske jednacine dosta je komplikovanije. Iz tog razloga, uvodenje
matematickih metoda znatno moze olaksati postupak balansiranja, §to ¢e
biti prikazano na ovom primeru u daljem delu rada.

MATERIJAL I METODE

U ovom poglavlju dat je opis matrica i njihovih osobina, matri¢nog
metoda i Gausovog algoritma reSavanja sistema linearnih jednacina.
Matematicke metode opisane u ovom poglavlju preuzete su iz [4].

2.1. Matrice i njihove osobine

Def. Matrica formata m x n (m, neN ) je pravougaona Sema brojeva

a, a, ..a,

n

a, a, ...a,,

a;(i=1...m; j=1,.,n) uoznaci: 4=

Ay Ay el ||,

Def. Elementi a,,a,, ...,a, ¢ine i-tu vrstu matrice 4, a elementi

a,;,a,; ...,a; Cine j-tukolonu. Element a ; nalazi se u i-toj vrsti i j-toj
koloni matrice.

Def. Za matricu A kazemo da je kvadratna reda n ako ima jednak broj
vrsta i kolona, odnosno ako je formata nxn.

Def.

1) Matrica ¢iji su svi elementi 0 naziva se nula matrica i oznacava se
O. Nula matrica moze biti proizvoljnog formata.
2) Kvadratna matrica reda n za koju je @; =a, =..=a, =1, asvi

ostali elementi jednaki 0, naziva se jedini¢na matrica reda n i oznacava se
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l

n

3) Transponovana matrica matrice A tipa m X n je matrica A" formata

nxm koja se dobija tako Sto vrste matice A zamene mesta sa

odgovaraju¢im kolonama.

Def. Matrica 4 i B su jednake ako su istog formata i ako imaju jednake
odgovarajucée elemente.

Def. Proizvod broja £ i matrice 4 je matrica 3 4.

pa, Pa, - pa,
ﬁA:ﬂa:l ﬂ?z "'::Bazn

ﬂaml ﬂamZ.“ﬁam mxn

Proizvod se dobija tako Sto se svaki element matrice mnozi datim
brojemivazi A = Ac .

b,
b

Def. Neka je A = ||a1 a, ...a =2l . Proizvod matrice 4 i

nillxn

M lnx1

Bje matrica B = ”alb1 +a,b, +...+a,b,

Ix1°

Def. Neka je A matrica formata m x n, a B matrica formata nx p: u

a, a, ..a, by by ..by,

a, a, ..d, b, b, ...b,
A= B=|~

Ay Ay oy | b, b, b, v

Proizvod matrica 4 i B je matrica C formata mx p :,
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Cy € €y,

Cy €y .. C

) 2p
C= ]

Cut Cm2 - |,

sa opstim ¢lanom definisianim sa ¢; = a,b,; +a,b,, +...+ a, b, , za

i=l.m,j=1..p.

Napomena: U opstem slucaju 4AB#£BA.

2.1.1. Determinante

Def.

Neka je A = ||a]l || ., Matrica reda 1. Determinanta matrice 4 je broj

detA=|an|=a1 .

. a,
Neka je 4 =
dy 3 Jlaer

: a,

broj det 4 = =a, a,
a4, 4,

: a, a a
Neka je ! t 3
A=|a, a, a,

matrice 4 je broj

a, a, a
detd=l|a, a,

ay; 4y 4y

=a,a, a; —a; a; d,
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—a, a, .

matrica reda 3. Determinanta

3%3

+ay,a,a; —aya,a; +ay,a,a, —ay; a; a, .

matrica reda 2. Determinanta matrice A4 je




2.1.2. Inverzna matrica

Def. Neka je A kvadratna matrica reda n. Ako postoji matrica B reda
n tako da je
B =B =1, gdeje! jedinicna matrica reda n, tada kazemo da je

B inverzna matrica matrice A4.

Def. Neka je A kvadratna matrica reda 3. Neka je M; matrica reda 2
koja se dobija iz matrice A izostavljanjem i-te vrste i j-te kolone.
Determinanta M je jednaka detMij 1 naziva se minor elementa a; .

Algebarski kofaktor elementa q; je: 4, = (— l)Hij (i,j = 1,2,3).

Def. Ako u transponovanoj matrici A” svaki element zamenimo
njegovim kofaktorom, dobijamo adjugovanu matricu adjA .

a, a4 4, 4, 4
AkojeA=|a, a, a,|,ondajeadid=|4, A, 4,
a; 4 4 4 A4, 4

Stav 1: Neka je A matrica reda n i neka je det4#0. Tada je

A= deiA adjd.

Stav 2: Ako matrica 4 ima inverznu matricu 47 , tada jedet 4 # 0.

2.2. Matriéni metod

Jedan od metoda za reSavanje sistema linearnih jednacina je matricni
metod._Sistem se zapiSe u matricnom obliku, odnosno iz sistema se
formiraju tri matrice. Prvu Cine koeficijenti koji stoje uz nepoznate, drugu
¢ine nepoznate i treca se sastoji od preostalih koeficijenata. ReSavanjem
dobijene matri¢ne jednacine, dobija se matrica iz koje se direktno mogu
procitati vrednosti nepoznatih.

a, x, +ay x, +..+a,x, =b,
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a, x,+a, x, +..+a,x, =b,

a,x, +a,x, +..+a,x, =b,

a 4 a, X,
) . ) a, a, a,, X
Iz sistema se formiraju matrice 4 = 3 , X =|.
X
b anl n2 an nxn Mllnx1
1
b
. 2
iB=|.
b” nxl1

Sistem se moZze zapisati u matricnom obliku A =B.

Napomena: Matri¢ni metod moze se primeniti ako je broj promenljivih
i broj jednacina jednak i ako je det 4 # 0.

Ako postoji inverzna matrica A7, tada se resenje dobija postupkom
matricne jednacine:

X =B/A" sleva,
ANX )=4"'B,
X=A4"'B.

Elementi matrice X predstavljaju resenje jednacine.

2.3. Gausov algoritam re§avanja sistema linearnih jednac¢ina

Sistem linearnih jednacina moze se resiti i Gausovim algoritmom. Ovaj
metod se moze primenjivati i u slucajevima kada broj jednacina nije jednak
broju promenljivih ili kada je det 4 =0. Metod se sastoji iz postepene
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eliminacije nepoznatih (mnozenje jednacine brojem razli¢itim od nule i
dodavanje drugoj jednacini) i svodenje na sistem iz kog se neposredno
moze procitati reSenje.

U sluc¢aju rjesavanja sistema jednacina Gausovom metodom, moguca
su tri slucaja:

a. sistem ima jedinstveno resenje;

b. sistem ima beskona¢no mnogo reSenja;

c. sistem nema resenje.

REZULTATI

U ovom delu rada bic¢e prikazana primena navedenih matematickih
metoda na izjednaCavanje koeficijenata u hemijskim jednacinama.
Hemijske reakcije koris¢ene u primerima preuzete su iz [2] i [3].

3.1. Primena matri¢nog metoda

Kroz nekoliko slede¢ih primera, bi¢e prikazana primena matri¢nog
metoda za reSavanje sistema linearnih jednadina na izjednaCavanje
koeficijenata u hemijskim reakcijama.

Primer 1. Neka je data slede¢a hemijska jednacina:
aMgO+bFe—cFe,O,+dMg.

U prvom reaktantu se nalazi 1 atom magnezijuma, u drugom reak-
tantu 0, u prvom proizvodu 0 i u drugom proizvodu 1. Po istom principu,
odreduju se brojevi atoma u svakom reaktantu i proizvodu jednacine za
ostale elemente koji se nalaze u jednacini. Vaze sledece jednakosti:

M :la+0b=0c+1d,
O:1la+0b=3c+0d,
£ 0a+1b=2c+0d.

Dobijeni sistem je ekvivalentan sledecem:
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la+0b—-0c =1d
la+0b—-3¢c=0d
Oa+1b—-2¢c=0d.

Svaka od jednacina sistema podeli se nepoznatom d:

1400 0c 2
d d d

14,00 3¢
d d d

0412 ¢,
d d d

1z datih jednakosti, izvode se matrice 4, B i X, tako da matricu 4
¢ine koeficijenti uz nepoznate, a matricu B koeficijenti sa desne strane
jednacina, i matricu X nepoznate:

10 0 1 ald
A=|1 0 =3[, B=|o|, X =|p/d| .
01 -2 0 c/d

Izracunava se determinanta matrice 4:

1 0 0
det4={1 0 -3]=3#0.Kako je detd=0, postoji 4. Za
01 -2

odredivanje inverzne matrice prvo se mora odrediti transponovana matrica
i adjugovana matrica:

1 1 0 30 0
A" =0 0 1 adjid=|2 -2 3
0 -3 -2| ° 1 -1 0 -
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. | 3 0 0 1 0 0
adjd=—2 -2 3|=|2/3 -2/3 1
det 4 3

1 -1 0 (1/3 =13 0|

A" =

Nakon odredivanja inverzne matrice, izracunava se matrica X
mnozenjem matrice 4 matricom B, §to ¢e dalje posluziti za odredivanje
vrednosti promenljivih a, b, ¢ id:

ald 1 0 O L
X =|p/d|=A4"B=|2/3 -2/3 1]|0]|=2/3
c/d /3 =1/3 of|of [1/3
Iz dobijene matrice mogu se formirati sledece jednakosti %:1, %—

2 ¢

E , Z=§ iz ¢ega se dalje mogu odrediti vrednosti nepoznatih. Ovaj
sistem nije jedinstveno odreden. Uzmimo npr. c=1 1 d=3. Naime, dobijene
vrednosti mogu se pomnoziti bilo kojim brojem tako da se odnos izmedu
koeficijenata ne promeni, ve¢ se samo povecava koli¢ina supstanci koje
reaguju i nastaju u reakciji.

Dalje: £=1:>a=d=3, ézg = b:£d=2.
d d 3 3

Dobijene vrednosti se uvrste u hemijsku jednacinu, Sto predstavlja
poslednji korak u izjednacavanju koeficijenata u datom primeru, tako
dobijamo hemijsku jednacinu.

3MgO+2Fe—Fe O, +3Mg.

Primer 2. Neka je data slede¢a hemijska jednacina:
aFeCl +bNa,PO,—cFe (PO,),+dNaCl.

Kao i u prethodnom primeru, za svaki element iz jednacine odreduje
se jednakost koja predstavlja broj atoma elemenata u hemijskoj jednacini:
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E 1la+0b=3c+0d,
C :2a+0b=0c+1d,
& :0a+3b=0c+1d,
P ,:0a+1b=2c+0d.

Fosfor i kiseonik nisu predstavljeni kao pojedina¢ni atomi iz razloga
Sto se grupa PO, nalazi sa obe strane hemijske jednacine sa istim odnosom
atoma, tako da se cela grupa moze posmatrati kao jedan element.

Sledeci korak podrazumeva sredivanje sistema jednacina tako da sa
desne strane ostane jedna nepoznata, a sa leve sve ostale nepoznate, a zatim
se sa nepoznatom sa desne strane podeli svaka jednacina:

la+0b—-3c=0d
2a+0b—-0c =1d
0a+3b—-0c=1d
Oa+1b—-2c=0d

19002 3¢y
d d d

2900 _0C oy
d d d

09432 0y
d "d d
0412 ¢y,
d d d

Iz dobijenih jednacina formiraju se matrice 4, B i X:

10 -3 1 0 ajd
20 0 1 1 b/d

A= ,B=| |, X
03 0 1 1 c/d
01 -2 1 0 0
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Kako se sistem sastoji od Cetiri jednacine sa tri nepoznate, matrici 4
dodata je jedna kolona u kojoj su svi elementi jednaki 1. Dodavanjem te
kolone, dobija se kvadratna matrica, $to je neophodno da bi se odredila
determinanta matrice 4, ali istovremeno ta promena ne utice na rezultat.

Determinanta matrice 4 jednaka je det 4 = —6, te postoji inverzna

matrica matrice A. U sledecem koraku odreduje se inverzna matrica:

I 2 0 1 0 -3 1
;[0 0 3 1 . 2 0 0 1
A = , adjA = ,
-3 0 0 -2 0 3 0 1
I 1 1 1 01 -2 1
1 0 /2 -3/2
e 2/3 —-1/3 2/3 -1
-2/3 1/3 -1/6 1/2
-2 1 -1 3
Matrica X dobija se kao proizvod matrice A i matrice B:
ald 1 0 /2 =3/2) |o| |1/2
b/d 2/3 =13 2/3 -1 1 1/3
x| g Y _¥3)
c/d -2/3 1/3 -1/6 12 1 1/6
0 -2 1 -1 3 0 0
a/d| |1/2
b/d| |1/3
Iz prethodnog, / = / :ﬁ:l’ 2:1, Ezl = a=3, b=2,
c/d| |1/6 d 2 d 3 d 6
0 0
=1, d=6.

Kao 1 u prethodnom primeru, reSenje nije jedinstveno.
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Dobijeni koeficijenti uvrste se u po¢etnu hemijsku jednacinu.
3FeCl,+2Na,PO,—Fe (PO,),+6NaCl.

3.2. Primena Gausovog algoritma

Kroz sledec¢e primere, bi¢e prikazana primena Gausovog algoritma
reSavanja sistema linearnih jednacina u izjednac¢avanju koeficijenata u
hemijskim reakcijama.

Primer 3. Neka je data slede¢a hemijska jednacina:

aFeCl,+bNa,PO,—cFe,(PO,),+dNaCl.

Ako su koeficijenti ispred reaktanata a i b, a ispred proizvoda c 1 d, onda
vaze sledece jednakosti koje predstavljaju broj atoma svakog elementa u
reaktantima i proizvodima:

E :1la+0b=3c+0d,

C :2a+0b=0c+1d,

& :0a+3b=0c+1d,

D ,:0a+1b=2c+0d.

Nakon toga, moze se formirati sistem linearnih jednacina, koji ¢emo
resiti Gausovim algoritmom:
Ria -3¢ =0

R): 2a -d=0 -2R +R,
R;: 3b  -d=0
R.: b-2¢ =0
a -3¢ =0
6¢ -d=0
3b  -d=0 R-R,
b-2¢ =0
a -3¢ =0
6¢-d =0
-3b+6¢c =0
b-2¢ =0 R-3R,
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a -3¢ =0

6c-d =0
3b-6¢ =0
0=0

Jednu nepoznatu izjednaci¢emo sa parametroma , & € R, pa ¢emo

pomocu nje predstaviti sve ostale nepoznate, a = & . Odatle:

p=22
3
cob_ 221 2a
2 32 6°
d=3b=2a,

(a, b, c, d): (a,%,%ﬁa}, acR.

Kako se za vrednost parametra moze uzeti bilo koji broj, sledi da sistem
ima beskonacno mnogo reSenja. Za vrednost parametra & uzima se broj

3, kako bi reSenje sistema bili celi brojevi i dobija se:
(a,b,c,d)=(3,2,1,6).

Dobijene vrednosti nepoznatih uvrste se u polaznu hemijsku jednacinu.
3FeCl,+2Na,PO,—Fe (PO,),+6NaCl.

Primer 4. Neka je data slede¢a hemijska jednacina:

aCl+hbMnO,+cH'—dMn*"+eCL+7H,O.

Za svaki element koji se nalazi u datoj hemijskoj jednacini formira se
jednakost:

C :1la+0b+0c=0d+2e+0f,

M :0a+1b+0c=1d +0e+0f,

0:0a+4b+0c=0d+0e+1f,

H:0a+0b+1c=0d +0e+2f.
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U slede¢em koraku formira se i reSava sistem linearnih jednacina:
R:a 2e =0

1

R: b -d =0 -4R+R,
R;: 4b -f=0
R, c -2f=0
a 2e =0
b -d =0
4d -f=0 -2R+R,
c -2f=0
a 2e =0
b -d =0
4d  -f=0
c-8d =0

Nakon sredivanja sistema, dobija se sistem sastavljen od 4 jednacine i
6 nepoznatih. Kako je broj jedna¢ina manji od broja nepoznatih, uvode se
dva parametra @ i [, a,f € R, preko kojih se izraze dve nepoznate, a

zatim se i ostale nepoznate takode izraze preko datih parametara.

e=a,d=f=a=2a,b=0, f =40, c=8p

(a,b,c,d e, f)=2a, B.88, B, a,4p), a, B € R

Vrednosti parametarac i f se u slu¢aju oksido-redukcionih reakcija
odreduju se na osnovu polureakcija izvedenih iz glavne reakcije za koju
se odreduju koeficijenti:

Mn"*—>Mn?'/+5¢’,

2CI—CL/-2e.

Za vrednost parametra o uzima se vrednost broja elektrona koji jedan

atom mangana preuzima od atoma hlora. Parametrua se dodeljuje ova

vrednost zato Sto je dati parametar izjednacen sa koeficijentom e koji stoji
uz atom hlora u jedna¢ini. Dok se za vrednost parametra £ uzima vrednost

broja elektrona koji jedan atom hlora predaje atomima mangana. Parametru
f dodeljena je data vrednost zato §to je izjednacen sa koeficijentom d

koji stoji uz molekul mangana u reakciji. Dakle, @ =5, =2, a=10, c=16
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i f=8. Parametri su ovde izjednaceni sa najmanjim moguc¢im vrednostima,
a mogu uzimati i ve¢e vrednosti ako se pomnoze istim brojem, $to nece
poremetiti balans jednacine.

(a,b,c,d,e, f)=(0 ,2,6 ,2,5,8)

Nakon $to se vrednosti parametara uvrste u pocetnu hemijsku jednacinu,
dolazi se do reSenja zadatka, tj. izjednacenja koeficijenata u hemijskoj
reakciji.

10CI'+2MnO,+16H"—2Mn**+5C1 +8H, 0.

Primer 5. Neka je data slede¢a hemijska jednacina:
aAs,S +bNO, +cH'—dAsO *+eSO,*+NO,+gH,0.

Na osnovu hemijske jednacine, izvedu se sledece jednakosti:

A :2a+0b+0c=1d+0e+0f +0g,
S:3a+0b+0c=0d +1le+0f +0g,
N:0a+1b+0c=0d +0e+1f+0g,
O:0a+3b+0c=4d +4e+2f +1g,
H:0a+0b+1c=0d +0e+0f +2g.

Od dobijenih jednakosti, formira se sistem linearnih jednacina:

R;: 2a -d =
R,: 3a -e =0
R b -f =0
R, 3b -4d-4e-2f- g=0 -4R1-4R2-2R3+R4
R c -2g=0
2a -d =0
3a -e =0
b -f =0
-20a+ b - g0
c -2g=0 -2R +R,
2a -d =0 -
3a -e =0
b -f =0
-20a+ b - g=0
40a-2b+ ¢ =0
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Kako se sistem sastoji od 7 nepoznatih i 5 jednacdina, uvode se 2
parametra i, &, f € R.Nepoznata a se izjednadi se parametrom &

, a nepoznata b sa parametrom /. Na osnovu jednakosti iz sistema, sve

ostale promenljive izraze se preko ova dva parametra:

a=a,f=b=>d=2a,e=3a, f=p,2=-0 a,c=20-08 a
abedefe)=(a,.p.26-0 a,2a.30, 5, -0 ) @, B R

U ovom primeru, za razliku od prethodna dva, neke od nepoznatih (g
i c) zavise od viSe parametara.Tada Gausov algoritam znacajno olaksava
postupak, jer bi klasicnim pristupom izjednacavanju koeficijenata postupak
bio komplikovaniji i sporiji.

Vrednosti parametara se odreduju pomocu sledec¢ih polureakcija koje
su izvedene iz glavne redukcione jednacine.

As ¥ —2As%/-4e,

N¥*—-SN*/+1e,

S,7—38%/-24¢".

Odredivanje vrednosti parametara vr$i se po istom principu kao u
prethodnom primeru, tj. parametar @ se nalazi uz elemente As i S i

izjednaCava se sa vrednoscu broja elektrona koji je predat atomu N. Dok
se parametar [} izjednaCava sa brojem elektrona koje su atomi As i S predali
atomu N iz &ega sledi: @ =1 i f=28. Vrednosti parametara uvrste se u

jednakosti kojima su odredene ostale nepoznate: d=2, e=3, /=28, g=8,
c=16.

(@.b,c.d,e, f,2)=(1,8,6,2,3,8 ,8)

Dobijene vrednosti se uvrste u polaznu hemijsku jednacinu i dolazi se

do resenja zadatka.
1As,S +28NO,+16H"—2As0,*+35S0,*+28NO,+8H,0.

DISKUSIJA

Precizno odreden balans hemijskih reakcija veoma je znacajan u
industrijskoj farmaciji, u raznim istrazivanjima koja ukljucuju lekove, u
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razli¢itim metodama u kojima je neophodno izracunati potrebnu masu ili
zapreminu reaktanata i proizvoda reakcije, a preduslov za to bila bi unapred
odredena koli¢ina molekula koji u¢estvuju u reakciji. Takode, u razli¢itim
analitickim metodama poput titracije, talozenja ili oksido-redukcionih
reakcija, vazno je da odnos izmedu molekula bude ispravan. Pogresno
izmerene koli¢ine supstanci mogu dovesti do toga da se reakcija ne odvije
ili da se odmeri veca koli¢ina nekog reaktanta, $to dovodi do pojave viska
jednog reaktanta, a to takode moze da dovede do pogresnog zakljucka.

U primerima, detaljno je prikazana primena matricnog metoda i
Gausovog algoritma za resavanje sistema linearnih jednacina na reSavanje
problema izjednacavanja koeficijenata u hemijskim reakcijama. Opisane
metode mogu se primenjivati na razliite tipove hemijskih reakcija. Pod
tim se podrazumevaju reakcije sa razli¢itim brojem molekula koji reaguju
ili nastaju, zatim oksido-redukcione reakcije, gde se vrsi transfer elektrona.
Pored toga se moze razlikovati i tip sistema koji se formira iz hemijske
jednacine. Pojedine hemijske jednacine mogu se balansirati primenom oba
opisana matematicka metoda, ukoliko su ispunjeni svi neophodni uslovi
koje metoda zahteva. Napomenimo da dobijene vrednosti koeficijenata
nisu jedinistvene, ve¢ predstavljaju odnos koli¢ina molekula u jednacini.
Dobijeni koeficijenti mogu se pomnoziti bilo kojim brojem tako da se
ocuva odnos medu molekulima uz promenu njihove koli¢ine.

U primerima u kojima je za reSavanje problema koriS¢en matri¢ni
metod, prikazano je pronalazenje inverznih matrica kvadratnih matrica
reda 3 i reda 4. Za ubrzavanje procesa ili za matrice ve¢ih dimenzija,
mogu se koristiti kalkulatori koji su u Sirokoj upotrebi i imaju ugradene
funkcije matricnog racuna.

S obzirom na to da hemijsku reakciju zapisujemo u obliku sistema
linearnih jednacCina, problem izjednacavanja koeficijenata se moze resiti i
drugim metodama za reSavanje sistema linearnih jednacina.

ZAKLJUCAK

Primenom matri¢énog metoda i Gausovog algoritma pojednostavljeno
je 1 ubrzano balansiranje hemijskih jednacina. Ovi postupci su od jos
veéeg znacaja u sloZenijim reakcijama koje su sastavljene od veceg broja
molekula.

Olaksano balansiranje hemijskih jednacina znatno moze olaksati
i ubrzati rad tokom razli¢itih procedura koje zahtevaju precizan odnos
molekula u hemijskim jednac¢inama.
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Abstract

Balancing of chemical equations is of essential importance in many analytic, instrumen-
tal, industrial and many other methods in pharmacy. A general approach to this problem
is to balance coefficients in front of one element in reactants and products. Afterward,
the remaining elements are balanced based on the previous element, so that both sides of
the equation have the same number of each atom. To achieve balance in oxide-reduction
chemical equations, one uses half-reactions obtained from the main equation. This pro-
cess can be straightforward in the case of chemical reactions that contain a small num-
ber of chemical compounds, but it can be significantly more difficult when the chemical
reaction contains a greater number of reactants and products. In this paper, we present
alternative techniques of balancing coefficients in chemical equations using systems of
linear equations solved by the matrix method and the Gaussian elimination method. These
techniques can accelerate and facilitate work during a variety of procedures that require a
precise ratio of molecules in chemical equations. We used different examples to show the
application of the mentioned methods in various types of chemical equations.

Keywords: chemical equation; the system of linear equations; matrix method; Gaussian
elimination method
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