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Ha ocHoay qraHa 40.3axoua o B/coKoM o6pa3oBaFby, LlnaHa 114. Craryra
PyAapcrco-TeorouKor QaKyrrera Ynraep:rrera y EeorpaAy h enaHa 34.
tlpaaltrHrKa o AoKropCKt4M cryplrjava Ha PyAapcKo-reonorxKoM Qaxynrery,
HacraaHo-HayqHo aehe Py4apo<o-reoroulKor Saryrrera Yuraepsrrera y

Eeorpa4y, Ha caojoj ceAHraut/ ogpxaHoj 18.04,2019, roAure, 4onero je

oEnvKv

Ycnaja ce usaeuraj KoNncnje 3a oueHy HayqHe 3acHoBaHocrtl reMe

AoKTopcKe Araceprarlrje Bnagnurpa llJapa6e, Macrep HHx<.

reonornje.

ORo6paaa ce HMeHoBaHoM t43paAa AoKropcKe Ahcepraquje no4 HacnoBoM

"MuxpoopraHu3Mt4 - 1uoxugporeonoaKh hHgt4Karopu oAa5pauux noiaaa
MuHepanHux Boga Cpduje".

TeNa AoKropcKe Arcepraqrja je opurrHanHa N4eja, o4 sHauaja aa paaeoj

HayKe, npilMeHy FbeHrx p$ynrara/ oAHocHo paesoj HayqHe Mttcntt
y0nuTe,

3a ueHrope ce NveHyjy gp Becenvtn flparuurh, peA. npoO. ra AP t4auua

flrvrcNh, HayqHH capa6HktK YHraepsrrera y Seorpapy Snonourr
Qarynrer.
Carnacnocr Ha npeAnor reMe AoKropcKe Aktceprauuje us oBe oAnyKe laje
Behe HayqHHX o6nacrr rexHiltlKt4x HayKa.

fiocranruero:
- Behy HayLlHl4x o6lacrr rexHrqKrx HayKa

- MeHropy

- l4MeHoeaHoM

- OAerueruy 3a cryAeHTCKa nr,lTaFba
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2.

I

4,

5.



il lk
yHIIBEP3I4TET v EEOIPAAy
Pygapcrco-reoJlolrrKIr da rcylrer

HACTABHO.HAYIIHOM BBhY

Ilpeguer: lloAo6soc1 TeMe I{ KaHAI4AaTa B.na.quurapa lllapa6e, MacT. I4Hx' reoJl', 3a v3pa!y

AoKropcKe .qrzcepraqraj e

O4ryrcorg 6poj llT l o1,25. 3. 2019 . roAr4He r4MeHoBaHI4 cMo 3a rIJIaHoBe Kouaulje 3a oUeHy

noAo6uocrr.r reMe r4 KaHAr.rAara BlaAuunpa lllapa6e, Macr. I'IHx. reoJl., 3a Ll:pa4y AoKTopcKe

4r.rcepraUraje rE HayqHe 3acHoBaHocTI{ TeMe 11oA Ha3HBoM: ,,MIIKPOOPIAHI'I3MLI
EI,IOXI,IAPOTEOJIOIUKII I,IHAIIKATOPI4 OAAEPAHI'IX TIOJABA MI',IHEPAJIHI4X

BOAA CPEI4JE".

Ha ocHony ttarepujana [pI,IJIoxeHor y: 3axren KaHliz.Auta, Korrlracuja noAHocH cleAehu

I,I3BEIIITAJ

1. rroAAurr o KAHALIAATy

l. l. Euorpadcxra noaaun

Bnaguur.rp lllapa6a pofen je 07.07.1992. roluue y Hr,rrrurahy, Ilpna fopa. 3aepurno je

frarunasr,rjy (onruru cuep),,JoBaH,{yvuh", 2011. roguue y Tpe6urcy, BocHa u XepUeronuua,

Peny6nur<a Cpucra, ca oAnHt{HI4M ycnexoM.

Yuueep:urer y Eeorpagy, Pylapcxo-reoJloulKII Saxylrer, cryArzjcxra rpofpaM 3a

Xrz,4poreolorajy, ynucyje jym2Ol1. roAuse. flrannorraupao je 9. cenrerra6pa 2015. roauHe, ca

rpoceqHoM orIeHoM 9,36 (geaer u36ll00), u oIIeHoM 10 HaAIlrriIoMcKoM paAy, I'{ r]4Me creKao

npo(tecraouanHr4 craryc Ar4rrrroMrrpaHr4 r,rHxemep teononaje. HaauB TeMe Al4rlnoMcKor paAa

rracu: ,,YJ1ota v sHauaj no3HaBaEa MllKpoopraHu3aMa ca acneKTa xHAporeonotIIKI'IX

HcTpaxnBarba MHHepanHlzx Boga", t4 [peAcTaBJba [pBI4 3aBpuHlI paA 143 o6lacrn

Irnxpo6uolouaje MLIHepanHI4x BoAa Ha Py.Uapcxo-reoJloluKoM $axylrery ,{enaprnaaua :a

xrrAporeonorujy. [o6u'rHrax je HarpaAe PyAapcrco-reoJlouIKor Saxynrera 3a nocrl'IrHyrl4 ycrex

Ha ocHoBHr,rM aKaAeMCKrArrA C'ry4Uj aua.

Macrep c.ryaaje ua Yuurep3flTery y Eeorpa4y, Ha PyaapcKo-reoJlolrIKoM dlaxylrery

cry.ur,rjcxor rporpaMa sa Xu,4poreolorujy, yrrucao je 2015. roALIHe. VIcre ie 3aBpuI'Io cenrena6pa



2016. rolnle, ca rpoceqHoM orIeHoM 10,00 (4ecer u 0/100), Lr rkrMe creKao npoQecuoualuu

craryc Macrep lrHxerbep reoloruje. Hasfis reMe 3aBpuHor paAa tJracl4: ,,Xu4poreo,lo[Ka ynora

u :na.raj no3HaBalba pasnoja Sororpo(pHr4x Mr4KpoopraHll3aMa y 6raorprznuy Ha MecrHMa

ptcrur\aruarepMoMnHepanHux BoAa - ogalpatu rpl4Meplz uz Cp6vie".

Oxro6pa 2016. ropne ynncyje AoKropcKe cry4nje Ha Yuunep3l'Irery y Eeorpa4Y, HA

Pygapcxo-reoJlollIKoM S arcynrery cTyAIIj c Kor rporpaMa sa Xu4poreonoraj y.

O1,2017. toAnHe, nocraje crrzrreHAucra MuuucrapcrBa [pocBere, HayKe 14 rexHoJlolrlKor

pa:aoja Peny6nraxe Cp6rzje (y ga,BeNa reKcry: MnHucrapcreo), ua ocHoBy jaeuor no3uBa 3a

crrrrreHAlrparbe cryAeHara AoKTopcKr.lx aKaAeMcKI,Ix cry4raja u Sunaucuparbe Mareplajalurax

rporxKoBa yKJbyrrHBarba crr4neHArzcre MuuucrapcrBa Ha npojexaT Mltuucrapcraa.

,{o 4anac, aKrr.tBHo ce 6asu HayqHo-r.rcrpaxr,rBaqKuM paAoM Kpo3 eAyKaqrajy Ha AoKTopcKI'IM

aKaAeMcKr4M crygzjaua Yuurepsurera y Eeorpa4y, Pylapcxo-reoJloulKor Qaxynrera, re

ny6nr,rxaqujoM HayrrHr.rx pr crpyqHnx paAoBa, Kao n yueurherr,t Ha HayqHI4M t4 crpyqHl4M

cKynoBr.rMa H paAr.{oHr4rraMa, Te yueruhe*r y rtporpaMy rexHoJlorrlKor pasroja MlaHucrapcrea.

L 2. C'reqeHo HayHoucrpaxueaqxo ucrcycrgo

Hayvnu pa1 u ycaBpuaBame) KaHAHAaT rrocBehyje usyuaBamy MlrKpoopraHH3aMa Kao

6uoxl.r.4poreoJrorrrKr4x r4HAuKaropa Mr{HepanHr4x BoAa, uro Ao AaHac nraje 6ulo rpeAMer

Hcrpaxr,rBarla Ha ,{enaprnaany 3a xr,rAporeonorujy Pygapcxo-reoJloulKot Qarcy,rrera. fly6lrarcyje

HayrrHe paAoBe y xojr.rrraa pa3MaTpa yrraqaj Mr.rKpoopraHu3aMa Ha KBaJII4TeT 14 yfloTpe6Jbflsocr

MuHepanHr,lx BoAa ca pa3nr4qHTHX [paKTflrIHLIx acneKara Snaurr.rpame (nrahe),

6anneorepaleyrcKe cBpxe, 3ApaBcrBeHo-peKpearuBHe cBpxe, ronlu$uKalllloHe cBpxe, I4TI.

Pa:uarpa u yrutpj Mr4KpoopraHr{3aMa sa cra6nrHocr BoAo3axBarHHx o6jexara ycneA pasnoja

uurpo6uolotrrKr.rx [poueca Kao urro cy 6zoxoposuja, 6uolorllKa LlHKpyc'raqrEja u 6uosapacrame

BoAo3axBarHr4x o6jer<ara. flope4 Tota, 6asu ce u npoyrlaBarbeM ttoryhuocrh [p[IMeHe

Mr4KpoopraHr.r3aMa Mr4HepanHrrx BoAa y rpoqecHMa 6uouunepalu:aquje, y pa3nt4qt4TI4M

6norexuo:rorujaua, Te rbtzxoBl,Itr.t noreHqujaJIHIIM reoMeAI4UI4HoKI4M sHauajen.

Toxou 2017118. roALrHe, Kao AoKropaHA crrrfleAHptcra,6uo je aHraxoBaH je y nporpauy

rexHoJrorrrKor pasnoja Muuucrapcrea xoju peanusyje Yuranep:urer y BeorpaAy, PyaapcKo-

teoJrorrrKr,r Saxylrer, Ha npojexry ,,I{crpaxltBame v [prrMeHa o6HoeJbueux

cy6reorepuaJrHlrx troA3eMHlrx BoAHtrx pecypca y KoHuerlTy noeeharLa eHeprercKe

eQlrxacuocrr{ y 3rpaAapcrBy", eBuAeHur.rouu 6poj TP 33053. Oa 2018. roguue, aHraxoeau je y

nporpaMy rexHoJroruKor pa:roja MuuncrapcrBa KojH peanusyje I,lucruryr 3a BoAorpuBpeAy

,,Japoc,tan t{epHu", Ha npojexry ,,Merogo.noruja oIIeHe, npojexronan a H oApxaBalla
r,r3Bopurrrra rroA3eMHnx BoAa y a,rynujannum cpeAlnHaMa y 3aBucHocrrr oA crerleHa

aepo6uocrn", eBnqeHrrrroHrr 6poj TP 37014.



V orcnupy AocaAaumet HayqHo-r4crpaxHBaqKor paAa Ha npojercruna MprsucrapcrBa I4 Ha

AoKTopcKr4M aKaAeMcKr4na crylr.rjaMa, yqecrBorao je y la3paqu [paKTI4r{HI4x HHxerbepcKlIx

sa4araKa, oAHocHo, v3pa1r TeKcryanH]rx peuema u npareher rpa$nuxor uarepujara npHMeHoM

arrJrHKaTHBHvrx coSraepa, Kao v y papy Ha TepeHy Ha seheN,{ 6pojy o4a6pauux nojana

Mr.rHepanHr.rx BoAa Cp6uje, Te ;ra6oparopr.rjcxorr,t paAy. I4ssoAIa MerareHoMcKe aHaJIIz3e

ulrrcpo6uovra oaalpauux nojana Mr4HepanHux (roprcux, cyMnopoBl4Tr4x, crraHnx H yt,'boKucelrzx)

ao4a Cp6uje.

Kao goxropaHA crprreHAucra, roKoM 2017118. ro,{HHe, yqecrBoBao je y npunpeML't kI

oApxaBalLy seN6u rr3 npeAMera ,,MuHeparHe soAe" u ,,Peu4oHaJIHa xtlApoteonott4ja", Ha

ocHoBHr4M a{aAeMcKHu cry4ujaua Yuueep:urera y Eeorpaly, Py.lapcxo-reoJlolrlKor rparcynrera.

,{o6rarHux je npre HarpaAe sa 2017. roAr.rHy Ha roAr4rxFbeM KoHKypcy Cpncrcor reoJlolxKor

ApyrxrBa sa Haj6orsra paA MnaALrx reoJrora v cryAeHara, 3a HayqHV pal,,,6uoxt.r4poreo,roruja ua

Mecrr4Ma r4crr.rqama o4a6pauux noj ana repMoM 14 HepanHLIx noga Cp6r.rj e".

O4nyxor',t HacraeHo-Hayr{Hor eeha Ynurepsurera y Eeorpa.qy, Pylapcxo-reororrtKot

$arcylre'ra, 19.4.2018. ro4aue, uza6pauje y ucrpaNuBaqKo 3BarLe LIcrpaxHBaq-[pHflpaBHI4K.

Mapra 2019. roluHe, yqecrBouao je Ha HayqHlIM cKynoBlIMa L{ paA}IoHuuaMa:

I L HayuHo-crpyr{Ha xonSepeuqnja,,Cry$eHrrz y cycper uayw" ca rrrelyuapoAHnM

yueuheu, Eama Jlyxa, 29 .11 .-l .12.2018 . roArrHe;

39. MefynapoAHu crpyt{Ho-HayqHl4 cxyrt ,,Bo4oro4 v Kaqalwgaquja'18", Ba,'r,eao, 9. -
12.10 .2018 . roAr4He;

17. KoHrpec reonora Cp6vrje, Bprrauxa 6awa,17.20.5.2018. ro4nHe;

10. Hayuuo-crpyqHa xoHQepeHquja,,CryileHrtn y cycper uayun" ca rraefynapoAHl{M

yueruheur, Eama Jlyra,27 . - 30.11.2017. roAIrHe;

Mef ynapo4Hra Kourpec, Buorrre4u1ll,Ha h reoHayKe - yruqaj xHBorHe cpeAI4He Ha

JryAcKo 3ApaBrbe, Eeorpa.4, 24. -26.5.2017. rolrane;

IlponehHI.r s6op Cpncxor reoJroulKor ApylxrBa, Eeorpa4, 21.4.2017 . roALIHe.

9naH je Aouahux Lt nefynapo4nlrx crpyKoBHlrx opranusaquja: ,,Cpncro teoJIoIrIKo

ApymrBo", ,,tr4urepHaqHoHarHa acoqujaqraja xrrAporeorota", ,,Acoqrajaquja eKoJIora L1

reorfusuuapa Cp6uje",,,3a4yN6aHa Angpejeavrh" pt,,CaBe3 r.rHxerLepa H TexHilr{apa Cp6uje".

foaopra eHrrrecKrr jesux, a y pary ce cnyxu r4 HeMar{Kr4u jesuxonr. Ycneuso je sanpuno u
rIoJIOxuo KypceBe eHrrrecKor jeaurca y Oxford rleHrpy y Eeorpa4y. Kopracru nanpe4uo MS

Office rraKer r.r AutoCad.

[o uapra 2019. roAr4He, ry6ruxoaao je cne4ehe Hayr{He paAoBe, xojrz cy rcraca$nrcoaauu

carnacHo oApeA6aua ,,flpaauruuKa o rrocrytrKy, Haqr4Hy BpeAHoBarba H KBaHrr.rrarr4BHoM

HCKa3HBaEy HayqHOHCTpaXr4Bar{KHX pe3ynrara }rcrpa)KrBaqa" (,,clyN6eur4 rJracHHK PC "6p.
241201 6, 21 120 17 u 38 120 17 ).
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PaA y uehyualroAHou qaconlrcy. nareropuia M23

l.Saraba, V., Popovi6, S., Kruni6, O., Subakov-Simii, G., Kljaji6, 2., &Lazic, M. (2017).

Mineral waters of Serbia and development of phototrophic microbial communities near

points of emergence and on wellheads. Acta Carsologica, 46(2-3), 295-316. Doi:

http : //dx. d oi. o rgl I 0. 3 9 8 6 I ac.v 4 6i2 -3 .49 6 I
(M23=3)

2. Saraba, V., Popovi6, S., obradovii, V., Strbadki, J., Gajii, V., Vulii, P., Subakov-Simid, G.,

& Kruni6, O. (ln Press). Macroscopic, optical and diffraction assessment of encrustations

and SEM analyses of phototrophic microbial mats from wellheads and select zones of
emergence of mineral water in Serbia. Geologia Croatica. Doi: 10.41541gc.2019.09

(M23=2.5)

36opHuuu naehvHalroaHux HavqHr.rx cxvnosa. rcareropuia M30
Caouurrerre ca nrehyuapoauor crcyna uramnaso v uerursu (M33)

3. Saraba, V. (2016). Uloga i znahj poznavanja mikroorganizama sa aspekta hidrogeolo5kih
istraZivanja mineralnih voda. In: D. Polomdi6, (Ed.), XV Srpski Simpozijum o

hidrogeologiji sa medunarodnim uieitem (pp.669-673). Beograd: Univerzitet u Beogradu,

Rudarsko- geolo Ski fakultet. I S BN : 97 8 -8 6 -7 3 52 -3 L 6-3 .

(M33= 1)

4. Krunii, O., Subakov-Simi6, G., Popovic,S,,Lazic, M., KljajiC,,2., & Saraba, V. (2016).

Hidrogeobiologija fototrofnih mikroorganizama u biofilmovima odabranih pojava

termomineralnih voda Srbije. In: D. Polomdii (Ed.), W Srpski Simpozijum o hidrogeologiji
sa medunarodnim uieitem (pp. 351-356). Beograd: Univerzitet u Beogradu, Rudarsko-

geoloski fakultet. ISBN: 97 8-86-7352-316-3.

" 
(M33= 1)

5. Saraba, V., & Kruni6, O. (2017a). Termomineralne vode Lukovske banje i geomedicinski

zna(,aj mikroalgi Spirulina i Cosmorium laeve. In: R. Gajanin et al., (Ed.), 10. Nauino-
struina konferencija ,,Studenti u susret nauci" sa medunarodnim uieitem (pp.212-223).
Banj aluka: Univerzitet u Banj oj Luci. I SBN : 97 8-9997 6-662-9 -1.

(M33= l)
6. Saraba, V., & Kruni6, O. (2}l7b). BiohidrogeoloSki procesi na glavama bunara

vodozahvatnih objekata mineralnih voda Bogatiia i Metkoviia - Madva, Srbija. In: R.

Gajanin et al., (Ed.), 10. Nauino-struina konferencija ,,Studenti u susret nouci" sa

medunarodnim uieitem (pp. 190-210). Banjaluka: Univerzitet u Banjoj Luci. ISBN:918-
99976-662-9-r.

(M33:1)
7.Saraba, Y., & Krunii, O. (2017c). Geomedicinski znadaj fototrofnih biofilmova na mestima

isticanja odabranih pojava termomineralnih voda Srbije. In: S. Komatina, (Ed.),

Medunarodni Kongres: Biomedicina i geonauke - uticaj iivotne sredine na ljudsko zdravlje



(pp. 155-164). Beograd: Asocijacija geofizidara i ekologa Srbije. ISBN: 978-86-80140-04-
9.

(M33:1)
8. Saraba, V., Kruni6, O., & Obradovid, V. (2018a). MikrobioloBki diverzitet termalnih lekovitih

voda Brestovadke banje - Srbija. In: G. Latinovi6, (Ed.), ll. Nauino-struina konferencija

,,Studenti u susret noLtci"sa medunarodnim uieitem (pp. la-20). Banjaluka: Univerzitet u
Banjoj Luci. Doi: 10.7251lZSSNl8ll0l4S, ISBN: 978-99976-764-2-9,ISSN: 2637-1987
(Print).

(M33= l)
9. Saraba, V., Kruni6, O., &Obradovi6, V. (2018b). Mikrobiolo5kidiverzitet gorkih mineralnih

voda Torde - AP Vojvodina, Srbija. In: i. Ladnjevac, (Ed.), 39. Medunaroclni struino-
nquini skup ,,Vodovod i kanalizacija '18" (pp. 140-146). Beograd: Savez inZenjera i

tehnidara Srbije. ISBN: 978-86-800 67 -39-1.

(M33= l)
10. Saraba, V., Krunie, O., & Obradovi6, V. (2018c). MikrobioloSki diverzitet termomineralnih

lekovitih voda Selters banje - Srbija. In: i. Ladnjevac, (Ed.), 39. Medunarodni struino-
nouini skup ,,Vodovod i kanalizocija '18" (pp. 266-273). Beograd: Savez inZenjera i

tehnidara Srbije. ISBN: 978-86-800 67 -39-1.

(M33:1)
Caonurrebe ca MehvHapoaHor- cxyna urranrnano v ussoav (M34)

11. Saraba,Y., & Popovi6, S. (2018). Carbonate biomineralizationat the points of emergence of
selected mineral waters in Serbia. In: F. Neubauer, U. Brendel & G. Friedel, (Ed.), OlJiciat

iournal of the XXI International Congress of the Carpathian-Balkan Geological
Association (p. 384). Salzburg: Univerzitet u Slazburgu. ISBN: 978-954-90223-7-7 (print),
97 I -9 5 4 -9 0233 -8 -4 (eB ook).

(M34:0,5)
Hauuouaruu qacouuc. rcareropuja M53

12. Saraba ,Y., & Kruni6, O. (2017d). Biohidrogeologija na mestima isticanja odabranih pojava
termomineralnih voda Srbije. In: M. Ganii, (Ed.), Zapisnici Srpskog geoloikog druina (za

2017. godinu) (pp.69-82). Beograd: Srpsko geolo5ko dru5tvo. ISSN: 0372-9966.

(M53= l)
13. Saraba, V., Popovi6, S., & Kljaji6, Z. QOtl). Razvoj fototrofnih mikroorganizama u

biofilmu na mestima isticanja karstnih termalnih voda Madve. Srpska nauka danas,2(l),
86-103. ISSN: 2466-4189.

(M53= l)



36opHuuu crcvnona HauuouarHor gHaqaia

Caonurerre ca crcyua HauuoHaHor guaqaia urap{naHo y Hgnonv (M64)

14.Saraba, V., Kruni6, O., & Obradovid, V. (20lSd). Primena BART biodetektora u

metodologiji hidrogeolo5kih istraZivanja mineralnih voda. In: M. Gani6, (Ed.), 17. Kongres

geologa Srbije (pp.532-537). Beograd: Srpsko geolo5ko dru5tvo. ISBN: 978-86-86053-20-

6.

(M64:0,2)
15. Saraba, V., Krunii , O., & Lazic, M. (2018). Biohidrogeologija - naudna disciplina u sklopu

metodologije hidrogeolo5kih istraZivanja. In: M. Gani6, (Ed.), 17. Kongres geologa Srbije

(pp. 526-53 I ). Beograd : Srpsko geolo5ko dru5tvo. ISBN : 978-86-860 53 -20 -6.

(M64=0,2)

Ilodauu o moxy doxmopcxux cm)tduja

Kau4ugar Bna4uuup lJJapa1a, Macr. r4Hx. reoJr., flonoxilo je cne4ehe ]IcrLITe npe4nufeHe

aKpeAr.rroBaHr4M rrporpaMoM AoKTopcKr,rx aKaAeMcKHx clyluja cry4ujcrcor ttporpaMa

Xu4poreonorraja:

. Ceunuap I (Oqeua 10, ECIIE 5),

. Cauoctatuunylr,uKoBaHr{ paa III (Oqena 10, ECIIE 5),

. Cneuujarsa florJraBJba u3 xnAporeonouKrrx Hcrpaxl4BaFba v MeHauMeHTa

xr4AporeonorrKr.rx 6acesa (Ouena 10, ECIIE 20),

. flpaxrur{Hu r4crpaxvtBaqKr paA (OUeHa 10, ECIIE 15),

o Ceuuuap 2 (Oqeua 10, ECIIE 5),

o CeAuueHrarruoHn u.rcreMn (Orreua 10, ECIIE 10),

. llpojexar AoKropcKe .quceprarruje (OqeHa 10, ECIIE 5),

. CryazjcKlr r4crpaxuBaqKlr paa I (Oueua 10, ECIIB 5),

. CneqrajairHa rrorJraBJba vs 3axBara 14 oApxr{Bor xopraruherra MHHepanHI4x BoAa Lt

reorepManHe eneprraje (OqeHa 10, ECIIE 20),

o CneqnjaJrHa rrorJraBitsa us xuAporeonoruje NrarorHe cpeAHHe (Ouena 10, ECIIE 15),

. PaA ca CI-{14 rracre (Oqeua 10, ECIIB 15).

3arryuHo, KaHArrAar je noroNrao llll I ucnura Ha npaoj r.r apyroj roAr,rHr4, o.4 yxynuo l7
Lrcrrvra y rporoArrurreM rpajarry AoKTopcKnx aKaAeMcrcnx crygr.rja, ca npoceqHoM orreHoM

10,00 (gecer u 0/100), 14 rr4Me creKao 120 ECIIE.

Y cxna4y ca flpannrHrrKoM Pyaapu<o-reonolrrKor Qarcynrera o AoKTopcKr4M aKaAeMcKr.rM

cryAujaua, 3a cryreHre xojra cy yilvcailv AoKropcKe cry4zje o12016117. roAaHe, rcaHtngar je
01.04.2019. roAI4He og6paHuo npeAnoxeHy reMy AoKropcKe 4ncepraqrzje ua Py4apcxo-

reoJIouIKoM tparynrery, o qeMy je cauumeH 3anHcHr4K rojn je cacraBHu Aeo oBor nseeruraja.



l. 3. O[eHa nono6Hocru xannunara ga pan Ha rpe.4roxenoj rel4l'I

C o6sr.rpona Ha creqeHo o6pa-:oeame u ocrBapeHo Hayr{Ho-I,Icrpaxt4Bar{Ko HcKycrBo,

cMarpaMo Aa KaHAlrAar Bna4zrtaup lJJapala, Macr. I4Hx. reoJl., noce4yje HeolxoAHe

KoMrrereHrluje za ycletuaH paA Ha npeAnoxeHoj reura AoKTopcKe 4ncepraqzje us creAehlax

pa3nom:

. iloceayje o4ronapajyhu uuno xaaru$uxaqr,tja creueH Ha Yuunep3zrery y Eeorpa4y, ua

Pylapcxo-reonouKoM Saxynrery, ca r.r3y3erHo BHcoKoM cpeArboM [pocerlHoM olIeHoM

o1-9,36 (ocnoeue aKaAeMcKe cryaraje) u 10,00 (rraacrep aKaAeMcKe cryanje), Ha ocHoBy

uera je [ocrao crurreHAtacra MusucrapcrBa rrpocBere, HayKe I,I TexHoJlolxxor paseoja

Peny6nraxe Cp6uje, oAHocHo, 3a rrocrr4rHyrt4 ycrex roKoM cryAlrparLa uarpafeH je u o,a

crpaHe Py.uapcxo-reoJIourKor {axynrera;
. iloceayje KoHTHHyHpaH HayqHH paA H ycaBplxaBarce y oKBI,Ipy HayqHe o6,racrra xojoj

[pr4naAa rrpeAnoxeHa reMa AoKTopcKe gracepraquje, rror{eBfllI{ oA I'I3paAe AnnJtoMcKol I'I

Macrep paga rcojrz npunaaaly ucrouueuoj o6ractu, Ao eAyKalluje rua AoKropcKI4M

aKaAeMcKr.ru crylraj aru a;

. Ao Mapra 2019. roluue, ny6luroaao je nerHaecr Hayr{Hux pa.[oBa, oA Tora ABa paAa y

qaco[HcuMa nelynapo.(Hot suavaja Kao npB[I ayrop, Lr3 o6lacru xojoj npl4rlaAa

npeAnoxeHa reMa AoKTopcKe 4ncepraqrlj e;

. lloce.qyje HeorrxoAHe opraHr.r3arlr4oHe cnoco6socru LI KoMnereuquje, Kao Iz I43pa3I4T

cMrzcao 3a AaJ6e crpyqHo r4 HayqHo ycaBprxaBarbe Kpo3 e4yxaqnjy Ha AoKTopcKI4M

aKaAeMcKHrra cry.Uujartaa, Kao u yueruheu Ha xonoepeuqrajarraa n crpyqHl4M 4r'rcxycajarr'ra;

o Bagr4 ce npo6leuarr.rKoM r<oja 4o AaHac auje 6uta rpeAMer geratauujux rpoyqaBarba,

6apeu KaAa je pe.{ o replrropujn Cp6uje, s6or qera nocroju norpe6a 3a

ocnoco6sJsaBarbeM Hayr{Hor KaApa v3 rrpeAMerHe o6tacru, oAHocHo, 4o6ujeHrz

pffiynrarr.l t4 rbr4xoBa r4MnJreMeHTauuja y xr4AporeonoulKoM HHxerbepcrBy he

npeAcraBJ,baua suauajaH Aonpl4Hoc 3a HayKy.

2. IPEAMET LI II\\Jb TTCTPAXIIBAIbA

flpe4rraer ncTpa)KHBarba [peAcTaBJba npoyqaBarLe rraop(folorr.rje, o6luxa v BeJII4ql4He

pa3n[qr4T]rx cacrojaxa 6uo$ullra, rLuxoBe oprEjeHraquje, lracrpra6yqraje, Kao v HaqAHa

rroBe3rrBana, y3 oApetluvawe 6uolrace 6uorpunuona xoja ce pasuajajy y 3oHaMa ilcrt4lJal+,a

o4a6panux nojaaa NruHeparHux eonal Cp6aje, [pr,rMeHoM cKeHr4Hr eneKTpoHcKe ntnrpocrconuje.

KsarrzrarusHa anailv3a HacJrata uuxpycraqnje, Ha ocHoBy MaKpocKoncKLIx, oIITL{.IKI{x Ll

llloA uuuepaJrHr{M BoAaMa noApa3yMeeajy ce noA3eMHe uo4e xoje ce Ha ocHoBy Ml{Hepan}rsaquje, on[ITer
xelrujcxor u racHor cacraBa, caqpxaja cneqnQuuur.rx KoMnoHeHTI4, paAuoaKTI4BHIrx eJleMeHara Hru noeehaHe

TeMrreparype, paslur<yjy oA ,,o6uqgux" uaroMuHepaJrr.r3oBaHlrx BoAa, a xoje ce Kopllcre 3a reqerle, angyctr.ljcxo

4o6r.rjarre nojeAuHrlx Kopr.rcHlrx clrpoBuHa, ulru 3a ronnu$r.rr<aqujy t lolujawe eneKTpI,Ir{He euepruje (Dragi5i6,

1997; Dragi5ic & Livanovi{2014);



Arz$paKqaoHlrx r4crurrvBarua, TaroxeHrrx y Marpr4Kcy ca 6Ho0LIJIMoBI4Ma, je cacraaur4 Aeo

rrpeAMera r4crpaxuBarba, y3 no3HaBarbe Su:auxo-xeuujcrnx KapaKTepI,IcrI4Ka MI4HepanHLIx

soAa. Carre.(aBarbe yruuaja 6raoSuluona Ha craperLe BoAo3axBarHI,Ix o6jexara, KBaJIIITaTHBHa

crojcrea Mr4HepaJrHr4x BoAa r.r flpouece noju ce oanujajy y 3oHaMa ncurrlatfarua. y3 flporHocruqKe

aHaJrH3e r4 TexHr,rKe xr,rAporeoxeurzjcxor MoAenuparba, [peAcraBJba cacraBHI,I Aeo npBe erane

r4crpaxr4Barba. Xu4poreoxeuujcxo MoAenHparLe oapef anarbeM HHAeKca gacuhen a (eng.

Saturation Index - ,Sf sa ocHoBHe Mr.rHepane H3 rpyne rap6ouara (xarqur, AoJIoMHT, aparouur),

oKcHAa r4 xr4ApoKcu1a (ru6cur, teruT, xeuarur) v ct4rvKara (rrap{, TJITIHoBIITH MI4HepaJII4,

JrHcKyHrr, ur4.) onroryhaea yropf lraarre yrnqaja {usuuro-xenrzjcxor cacraBa MI4HepanHl{x BoAa

Ha HacraHaK rz roK [poueca r4HKpycrarlr.rje. Vs ro, rrporHocrr4r{KllM aHaJII43aMa ouoryheHo je

npu6luNHo o4pef uname cKJ'roHocrn MHHepa,rrHr.rx BoAa y [orneAy ranoxerra HacJlata

r,rHrpycraqraje MareMaruqKuM r.r3paqyHaBalleM Jlaurenaep-oBor I,IHAeKca :acuherca (eng.

Langelier Saturstion Index - LSD u PusuapoB-or HHAeKca cra6ungocru (eng. Ryznar Stability

Index - RSI).

Apyrra acrrexT ucrpaxnBalba ycMepeH je Ha 4eSrzHracarre rlpucycrBa uHJbaHI4x

$nsraororuxr4x rpy[a nauxpo6uororuKor Augep:arera2 o4a6paHzx nojana MHHepanHHx BoAa

rrpr4MeHoM cr4creMa oA rxecr peaKrrr4oHr,rx recroBa 6uorourre aKTLIBHocTI{, Tj. BART recroBa

(eng. Biological Activity Reaction Test): IRB (eng. Iron Related Bqcteria), SRB (eng. Sulfate

Reducing Bacteria), HAB (eng. Heterotrophic Aerobic Bacteria), SLYM (eng. Slime Forming

Bacteria), DN (eng. Denitrifuing Bacteria) r.r FLOR (eng. Fluorescent Pseudomonas) BART.

Tune je onoryheuo yrap!r,rnarse nplrcycrBa rnoxfeuurux, cynrparope4yxyjyhrax,

xereporpo(fuux aepo6Hr.rx, Mt4xpoopraHr43aMa xoju upoayryjy eKcrpaqenynapHe ronllMepHe

cyrrcraHrle (,,EflC"), genr.rrpr.r$uKarlr4oHnx w Pseudomonos Bpcra. Ha ocuoBy crIpoBeAeHI4x

alail:a3a, ouoryheu je yarl4 y rrrr.rxpo6uoJroruKu r.r 6uoxervrrajcKll AlrBep3urer oga6pauux nojaaa

Mr4HepanHr4x BoAa, Kao n [poueHa pv3fiKa o4 6raoxoposuje u 6uozapawa]ba BoAo3axBarHI4x

o6jexara, ys [porleHy 3ApaBcrBeHot pr43r4Ka rrpr4nrrKoM xopnurhema MVHepanHHx BoAa y

6arueorepanrajcr<e cpBxe r4 cBpxe S.naruzparra (nraha), npI4MeHoM co(fraepa BART-Soft v6.

Tpeha acneKr HcrpaxaBaH,a [peAcraBJba yrBplnaarre uurcpo6uo:romKor AhBep3LITera

useofemena MerareHoMcKrrx a*arrlsa laurcpo6uovra oga6pauux nojaaa MuHepanHl4x BoAa,

rexHI4KaMa ceKBeHuuparLa HapeAHe reHepaquje (eng. Next Generation Sequencing - NG,r,
oga6pauux uojaaa ropKr4x, cJraHHx, cyMrropoBr4Tlrx u yrJboKr4cenr4x MLTHepaJIHHX BoAa, rto rIpBH

ryr y Cp6uju, MoneKynapHoM lrAeHru$rarcaqujoM Ha ocHoBy 165 rDNA reHa, rpeAcraa:rajyhn
uajauuu HI4Bo tlr4xore ugeuruQurcaquje, uranae je ouoryheua xracu$uxaquja nuxpoopraHlr3aMa

rlpeMa pa3ilvttr4'tvM TaKcoHoMcKI4M Kareropujartra: uapcrBo, pa3Aeo, KJraca, peA, rropoAr.rua, poA

H Bpcra. Ys npoqeuy 6uo,quuep3r4rera o4a6paHux nojana Mr4HepanHux BoAa, ogpelen je ar$a-
AlIBep3I4Ter xaxo 6u ce yrBpAr,rna pa3HonlrKocr orraxeHrrx raKcoHoMcKr4x Kareropuja utw

2Y xonrexcry ntrxpo6uoJroruKor AuBep3urera oAa6panax nojana Mr{HepanHr4x noaa Cp6nje, ucrpaxr.rnauo je
npucycrBo 6ar<repr.rja, Te KapaKTepucrr,rKe u rnropSonoruja 6lrorpuluona 14 H,HxoBrrx pa3rv.ul,ffLtx cacrojaxa;



rLr4xoBa jeluolr.rxocr y cBaKoM noje4uuauuoM y3opKy prcll.urvBaue nojaee MllHepanHe BoAe, Kao

m lera-guvepsrrrer xoju no4pasyMeBa pa3HonvKoc'r rasrtrefy I4cnI4TaHHx nojana, ca (LIJbeM

nopeferra saje4ura.rxe pa3Honr4Kocru uauefy y3opaKa MllHepanHllx BoAa. Knacrep aualrase (eng.

Cluster Analysis - CA) v aHaru3a rJraBHr{x KoMnoHeHru (eng. Principal Component Analysis -

PCA) npegcraarajy cacraBHr4 Aeo HcrpaxilBarua 6era-4ueep3llrera, a ouoryhanajy rpynracarse

MHKpoopraHH3aMa oga6paHux fiojaBa Mr4HepanHr,rx BoAa y rpy[e raKo Aa ce [peAcraBHl4ut4

cJrr4r{Hr4x KapaKTepr4cruxa Hafy y r4croM Knacrepy, oAHocHo orraoryhanajy BrzreyailLlsaqujy

nuSopuaqzja y cKyrry noAaraKa 3a cBaKr.r noje4uuauHu y3opaK onl4caH BI4uecrpyKI4M

rrae!yco6no KopenupaHr.rM KBaHTuTaTHBHHM aapuja6nar,aa. Ose aHaJILr3e cy ypafeue, KaKo usrvlefy

loje4unauHr4x y3opaKa noHaoco6, TaKo H y cMrzcny rr,re!yco6nor nopelerra rHIIoBa MI{HepanHHx

BOAa.

O4a6paHe nojane MuHepanHr,rx BoAa rcoje cy rpeAMer aHaJII,I3e paanuxyjy ce y norneAy

KBaJrvrarlrBHux KapaKTepr.rcrr4Ka, lrpe cBera reMneparypnrax (reuneparypHll 4ajanasou je oa

xJraAHr4x 4o uperpejaHr4x Mr,rHepanHux BoAa, oA 11oC lo 93,9oC),3arL{M y norneAy ocHoBHor

joHcxorcacraBa(HCO:--Na++K+; SO+2-,HCO:--Na*+K+; Cl--Na*+K+; HCO:--Ca2*,Na*
+ K*, Mg2*, r,rrA.), Mr4Hepanu3arluje (ca4pxaj pacrropeHux co.nra je y llHrepBany oA 175 mglL lo
H3HaA 6000 mg/L), pH ape4Hocru (gvjana:on pH BpeAHocrH je o4 cna6o KI,IceIIHx Ao aJIKanHLIX

Mr.rHepanHr.rx BoAa, oA 6,5 Ao r.r3HaA 9), cagpNaja crteuuQlrqHux MI4KpoKoMrIoHeHrra (HzSiO:,

Li*, Sr2*, F-, Br-, J-, B3*, r4TA.), racHor cacraBa (COz, Nz, HzS), crelleHa IrcrcopuruheHocrt4 14

teoJrotrrKe xereporeHocrr4 TepeHa lo ,qy6raue oA HeKonHKo KI,IJIoMerapa cBaKe ilojeAnHaqHe

nojare. Tarofe, npunr.rKoM oga6upa BoAr.no ce parryHa ga uza1paue nojare MHHepanHI4x BoAa ce

ran'rrzpajy u3 cpeAraHa pa3ilLrtturttx reorvroprpoJrorrrKrlx, crpyKTypHo-reoJlotuKl4x, nerpotpaScxo-

MlrHepanouKr4x, xr{AporeoJrorrrKr4x y1 Lp, KapaKTepr.rcraKa, r{I4Me 6n ce ouoryhura aHarvsa

yruqaja umo eeher 6poja flapaMerapa reoJroruKe cpeA]rHe, ca je4He crpaHe, Ha orlcraHaK 14

pa:eoj MlrKpoopraHlr3aMa y MHHepanHprM BoAaMa, ca lpyte crpaHe. Taxole, uz6op ie w

rrocneAr4ua rrpaKTuqHux norpe6a, c o6snpoM Ha Heo[xoAHocr npHMeHe caHaunoHux Mepa y

cBpxe peeuranusaqraje BoAo3axBarHHx o6jexara Ha rojunaa je 6uo npI4MeraH pasaoj

unr<po6uororrrKrzx [poueca, Kao h nocneAuua suauaja rcoju ce ocreapyje [pIlMeHoM

MuHepanHr{x BoAa y 6alueorepaneyrcKe cBpxe, y cpBxe $naruraparra (nraha), Kao floreHllnjatau
xr4ApofeoTepManHr4 pecypc, u cn.

flojare MuHepanHrzx BoAa rcoje cy 6a.ne npe4Mer r4crpaxvBarba HaJIa3e ce Ha apNaauoj
repraropraju Cp6aje, y pa3rr4rrurr.rM reoreKToHcKr.rM rrenr4HaMa r4 xHAporeoJIoIIrKI4M pejoHunaa: a)

Kapnaro-6anKaHuAr4: 1. Epecroaavxa 6arra; 6) Cpncxo-KpucraJracro je:rpo: 2. Cenrepc 6awa, 3.

JIoMHu.{Ku Kr4ceJbaK,4. Benrarca Bp6nr,rqa,5. llponor'l 6ar*a,6. Bparruca 6awa; e) Illyrua4rajcrco-

KoraoHl,rqKo-KocoBcKa zosa: 7. Bprraurca 6awa, 8. Jlyroncxa 6arsa; r) Ynyrparuwu fiuuapuyu
3anaAHe Cp6wje: 9. Eoraruh, 10. Merrconuh, ll. Be:rornh, 12. PaAaruca 6awa, 13. Barsa

KonuJraua, 14. O6penoBar{Ka 6arsa; r) flauoucru 6acen: 15. Cnanxaueu 6ama, 16. Topaa.

I4cnnrauo je yrcynuo 16 nojana MaHepanHr4x BoAa Ha repuropnju Cp6uju, xoje norr4rry ca

pa3nur{r.rrux gy6uHa 3euruue xope.



CxoAso [pe.qnory reMe u npeAMery HayqHor lrcrpaxBarLa [peAnoxeHe AoKTopcKe

guceprauuj e, ocHoBHIr uLIJbeBI4 rlcrpaxr4Balba cy cleAehu :

Oqena cre[eHa rrperxo.qHe r4crpaxeHocru o4a6pauux nojaaa MHHepanHI'{x BoAa ca

reororrrKor I,I xHAporeojlolIIKof acneKTa;

YnosFraearbe ca Suszur<o-xenrujcxnrr,r KapaKTepHcrIaKaMa oga6apauux nojaea

Mr4HepanHHx BoAa;

CreHusr-e.rreKTpoHcKa MLIKpocKortuja 6uo$utMoBa, ys o4pelraname 6uouace, Kao H

MaKpOCKo[cKa, orrTl4t{rca a 4r,rtppaKUI,IOHa uCItr4T:aBAr+,aHACIata I,IHKpycTalll4je;

flporHosa yruqaja ltnrpo6uolotuKor ALIBep3l,ITeTa Ha HacTaHaK 14 roK npoqeca

r4HKpycrarluje, ys yrnplr.raarre yrraqaja Su:rauxo-xeuujcror cacraBa MI4HepanHIIx

BoAa Ha pasnoj r4cror4MeHor rrpoqeca, xr4Aporeoxeltujcxutvt MoAenl{parbeM L1

rrpotHocT\rrlKr4M aHaII43aMa;

Yrep!rzsarre npt4cycTBa IIHJbaHI4x Susr.ronoutruax rpy[a MLIKpooplaHH3aMa v

creneHa rLuxoBe 6r,roxelrujcxe aKTr.rBHocru BART aHalwr3aua oga6paurax nojaea

MaHepanHr.rx BoAa, y3 IIpotIeHy plr3t4Ka o4 pasnoja ltuxpo6uoloulKux npoqeca Ha

BOAO3aXBaTHUTIT O6jemr,rMa, Kao vt caHrTap{o-xurajeucKe I4cnpaBHocTlI Ml4HepanHl'lx

BoAHHx pecypca xopuruherreM anJIHKaTHBHLIX cotprnepa;

Merareuoucxe aHarrvae lruxpo6uoua oga6pauux nojana MI4HepanHI4x BoAa

TexHuKaMa ceKBeHI-(I4paEa HapeAHe reHepaquje Ha ocHoBy 16S rDNA reHa;

Y'replusarre raKcoHoMcKHx xareroprzja Mr,rKpoopraHu3aMa I{ rL}rxoBe penaruBHe

3acTyn,'beHocru oAa6apaHl4x nojana MI4HepanHI,Ix BoAa y3 IIpI4Ka3 a,r$a- v 6eta-

AHBep3HTera y oKBHpy noje.qnuauurzx a r'aelyco6Ho yuopeAuBux nojaea MHHepanHI4x

BOAa;

I,I:roleme crarr.rcrr.rrrKr.rx Knacrep (CA) ra aHarv3a tJIaBHI4x KoMroHeHTIz (PCA) ca

uHJbeM fpynHcarsa MLIKpoopfaHH3aMa y fpyle [peAcTaBHI4Ka cILItIHHx

KapaKTepHcTI4Ka O4a6paHux nOjaaa MHHepanHI,Ix BoAa, oAHoCHo, AeTaJbHy

Br43yanu3arrujy za cBaKrz noje4uHauuu y3opaK y cKnaAy ca Buuecrpyxrzu uellyco6Ho

Kopenr4paHr4M KBaHTIITaTHBHHM aaptja6 narta;

CaueAasarbe y'ruqaja rapaMerapa reoJlouKe cpeAHHe (reutneparypa, pH,

Mr,rHepanz3aryuja, oKctiAo-peAyKUlIoHI,I noreuqujal, lacHu cacTaB, paALIoaKTI4BHI4

cacraB, urg.) ua uuxpo6uolorxKr4 AHBep3r4Ter o4a6pauux nojana MI4HepanHHx BoAa,

u o6paruo, aHaJrv3a yrraqaja truxpo6uororlrKor ApIBep3r.ITera ua $usrzuro-xenaujcxe
KapaKTepr4cTr4Ke M lrHepanHr{x BoAa;

MoHuropuHr paseoja trarcpo6uolorrrKr{x rpoueca Ha BoAo3axBarHHM o6jercruua

o.4a6pauux nojara u 4eQuuucane buoxuAporeonouKe ynote u suauaja

lrumpo6uororx Kor AlrBep3nTera M HHepan HLIx BoAa;

Kpeuparre 6ase [oAaraKa r{uMe ce rpopr'rupa ocHoBa 3a yreMeJbeFbe HayqHe

Ar4crlltnnr4He 6r.roxra4poreoloraje y cKnoly craHAapAHe MeroAuKe xuAporeono[IKI4x
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IIcrpaxlzBarLa, o rleMy ce Ao.(aHac BeoMa MaJro 3Ha, 6aperr,r xa4a je per{ o repnropnjra
Cp6nje.
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3. IOJIA3HE XIITIOTE3E

3a pasrarcy oA MynruueJrynapHzx o6rura xr4Bora xoju cy orpaHr4r{eHn yrnaBHoM Ha

noBptxI,IHcKa craHurrlTa, rroJrr,reH3r.rMarcKa rrpprpoAa, uera6orrzqKa pa3HoBpcHocr 6uoxeuujcxrax
nyreBa, BeJILIKa aAarrrr{BHa cnoco6socr (rapujaquie y uop$onorujv v BeruqraHn henuje),
rr.toryhuocr reHercKHx Lr3MeHa, npucycrBo [na3Mr4Aa t4 clt., orroryhaaajy Mr4KpoopraHr43MHMa Aa

Haceranajy uajpasnaurz:rraja craHr4rrra, rAe qecro npeAcraBJbajy jeguHy $oprt,ty xuBora
(Obradovii & Petrovi6,2006; Dalmacija et al., 2007; Konhauser, 2009),6am xao rxro cy
M14HepanHe BoAe.

,{anac je nosnaro Aa Ml4KpoopraHr.r3Mrr ycnerxHo xr4Be y 3err.rrunoj Kopu, c o6supou 4a je
rpucycrBo repnaotprznnnx 6axrepraja yrrpleno ua yy6wutr o15278 m y 6yruoruHu y LUae4crcoj,

ca reMrreparypoM oKonHe cpeAr.rHe oA 65-75oC, oAHocHo, cMarpa ce Aa je rpucycrBo
MI4KpoopraHH3aMa y 3eurrzHoj Kopr4 orpaHr4qeHo Ao 1y6u:aa oA oKo 10.000 m (Pederson,2000;
Fedrickson & Onstott, 2001). Hedry (2006) HaBo.qH 4a je 4ucrpulyyuja Mr4KpoopraHr43aMa y
nnrocipepr.r orpaHuqeHa ca cBera HeKoJrr4Ko Saxropa, r.r ro: eKcrpeMHr4M TeMrreparypanaa (>
l2loc), eKcrpeMHo KI4ceJIoM nra 6asnona peaxqrljou cpeArrHe (pH uame oA 0,5 H sehe og 12,5)

14 HeAocryrrHourhy uo4e.

l2



faoNfegare 6axrepr.rje HaJra3e ce y r43AaHI,IMa Kao npupoAHoM craHaury Ha 0BHM

KoHTr4HeHTr4rrla (Cullimore, 1999), vt 3a MHore Mr4KpoopraHl43Me noA3eMHe BoAe flpeAcraarsajy

rrplrpoAHo 6opanumre, y rcojuua ce HaJra3e Kao cacraBHlt Aeo ILeHe ayroxroHe rraurcpoSnope, vtTLl

npr.rna4ajy rpylu aJroxroHax Mr4KpoopraHr.r3aMa xojr,r gocueBajy y BoAy Ir3 pirnut{I4r}lx pl3Bopa

(Cullimore, 2007; Griebler & Lueders,2009). Ilpoqenyje ce Aa LI3Me\y 6-a0% cnux 6axrepraja

Ha nJraHerr.r 3eu6u Moxe 4a 6yae caKpuBeHo y noA3eMHI4M eKocI'IcreMI4Ma (Whitman et al',

1 9e8).

Muxpo6uonouKr4 ArrBep3r.rreT Mr{HepanHr,rx BoAa yrnaBHoM qI4He Bpcre MI'IKpoopraHI43aMa

ca pa3nvfilnuu QusraoJrorrrKr4M aranra\uiaMa Ha ycnoBe craHIIIIJTa, xoju ce g6or serunlzrrHl'Ix

ycnoBa reoJrotrrKe cpeArzHe (noonureHe reMneparype, H3paxeHe BpeAHocrl4 xHApocrarl4qKor

lpgTr{cKa, BeoMa Mana AocTyrrHocT opraHcK}Ix tltarepuja, oAcycrBo npoqeca $oroctlureee,

peAyKrrnoHr,r ycnoBlr cpeAprHe, a cn.), Mory cMarpart4 eKcrpeMHI4M. Vls rl4x pa3nora,

Mr.rKpoopraHu3Mr4 y Mr4HepanHr,rM BoAaMa npunagajy rpynn erccrperr,ro$vra Lt npe4cran,najy

MoAen ornopHocrrr xr,rBora Ha [JraHerr4 3ertrru. C o6:upou Ha pecrplIKTI4BHe ycnoBe leorolrlKe

cpeAr4He, rrrro ce flpe cBeta oAHocr.r Ha cMaILeHy KoHIIeHTpaUI4jy AocryrlHor oplaHcKor

ytJbeHI,IKa k7 ,[ila1oBanba", MLIKpoopraHI{3Mrr rIoA3eMHI,tx craHlalxra cy yrnaBHoM Marbl'{ oa 0.5

prr,1 (ynrpanruxpo6rz), anu je ga6elexena t,t ]L]IxoBa BeJI]'lqHHa Ao l0 [rM, Y ycJ]oBHMa ca sehoNa

rouqeu.rpaqujonr pacrBopeHor opraHcKor yrJbeHuKa v ApyruIx nyrpajeHara. Ilony,raqrzjy

4y6oxrax ;g131aHu yrnaBHoM qr.rHe tpaM-Herarr.rBHLI ruranuhac'rr,r naoptpo'rufloBn, gorc je npzcycrBo

rpaM-ro3r4rr4BHr4x'raroBa 3HarHo pele (Balkwill, 1990; Pederson, 2000; Danielopol et al., 2000;

Cullimore, 20Q7; Griebler & Lueders, 2009).

Ca xlr4poreoJrorrrKor acrreKTa, rtpucycrBo H ynora 6axrepila y MHHepanHI'{M BoAaMa ce rpe

cBera piBM arpa v ucrpaNyje n3 npaKTHr{HHx rr eKoHoMcKI4x pa3Jlora, jep onurre npuxaaheuo

Mr4trrJberbe jecre ga cy Mr.rKpooptaHr,r3Mr4 noA3eMHIrx (rr.lranepanur,rx) ro4a [oBe3aHH ca HI430M

npoueca rcojr,r cy Hacran:a Kao pe3ynrar ILHxoBe uera6oluqKe aKTI4BHoc"ru v ntera6oltlqrcux

npor,r3BoAa y B6AH h Ha MarpuKcy r,r3AaHr4. Onu npoqect4 yrnrly Ha pa3nl4qre Har{l4He Ha craperbe

BoAo3axBarHax o6jexara) v3a3vBajyhra 6raoxoposujy rcoja AoBoALI 4o Susuuxe AerpaAaulzje

xoHcrpyxqrzje o6jexara ra rllrxoBlrx o6uruunx neprfopaqr.rja, 3arHM, 6uo:apacrabe

rrrouocneqrajcKr.rM Ir Mynrr.rcneqajcruna 6uo$r.r,trr.roeuua. flope4 Tora, AoBoAe 14 Ao Iaurcpycraquje

HepacrBopHHM npoa3BoAr.rMa orccugaquje (orccrzxr,r.qpoKcl4Apl pa3ilvqvrt4x trterala), pelyxunje

(cynipr.r4ra ue'rala), rcap6ouaruMa 14 ApyrrzM MIlHeparLtMa, uITo LI3a3I,Iaa $usnuxo cMar6erbe

BonyMeHa qenn (:aueurerue), nopa 6yHapcxrax Sramepa v cn. Cuarpa ce ,(a cy cau ltarepujaln

noAnoxHr,r KoJroHr{3auuju rur,rxpoopraHr43aMa, v Id npaKTHrIHo HI4uITa He Moxe c[pequrn pasaoj

6raocloja, rj. aa ce oH pasauja y naMHHapHuM r{ ryp6yneurHllM ycnoBl{Ma pexuMa reqen,a BoAa.

flpracycreo o4pelenux Bpcra MuKpoopraHr43aMa y MuHepanHHM BoAaMa yrlrqe Ha BI4xoBy

caHr4TapHo-xurujeucrcy HctrpaBHocr, uoce6so yKonr4Ko caApxe v rtlurcporfnopy ra: rpyne

rraroteHa lr o[opryHr4x naroteHa. llocleAnnx HeKoJILIT<o Aeueuuja, xonrzQopnaue 6arrepuje,

noce6uo repMoronepaHTHe, cy najueruhe npuxnaheu uHAI,IKarop ocerJbuBocru 14 aJloxroHe

sara!euocrn MHHepanHr,rx BoAa opraHcKHM uarepujana SeralHor nopeKna. Tarco!e,

Pseudomonas aeruginosa, 6axrepuja r43 rpyle onopryHllx rlaroreHa, cse .Ieuhe ce Kopl4cra Kao

r{HAHKarop paml,rBocrra [oA3eMHr4x cpeAr4Ha Ha aJloxroHo saraferre pa3nl'Iql{Tot nopeKna
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(Cullimore, 1999; Schnieders, 2003; Beech & Sunner, 2004;La2i6,2004; Beech & Sunner, 2006;
obradovii & Petrovi6, 2006; Cullimore, 2007;Dalmacija etaL.,2007;Konhauser,2009).

Ca pasnojena xuAporeonoraje, [poyqaBarre M[rKpoopraHr{H3aMa nocraje Her43ocraBaH acneKT

ucrpaxl4BalLa y xl4Aporeonoruju, npr4 qeMy no3HaBar6e oBe npo6lenaruxe AorrpnHocH
[paBunHoM TyMar{erby Hr43a xr4AporeororrrKr,rx npoueca u uojaua.

4. HAyTIHE METOAE LrCTpAlr&rBArf,A

Toxou palta Ha npeAnoxeHoj loxropcxoj 4uceprarluju, vcrpaltnBama he 6HrH o6aeJbena
npLIMeHoM Buue pa3nl4qLITI,IX MeroAcKr4x rrocrynaKa. llpe4nu!ena je upurr,teua c,regehux MeroAa
14 nocTynaKa:

o XIIAPOIEOJIOIIKE METO{E:
. TepeucKe MeroAe:

o Xu4poreolotrlKo Kaprhparbe n MoHr{Topr.rHr o4a6pauax nojaaa Mr4HepaJrHHX

BOAa;

o Ysopxooarre Mr4HepanHr{x BoAa sa $usuurco-xervujcxe aHanr,r3e;

o Ysopxorarre HacJlara uHKpycrarrr.rje sa ceAr.rMeHToJrorrrKe H MuHepanouKe
aHanu3e;

. Jla6oparoprajcre MeroAe:

o Ksarr4rarr4nue (xragpoxer',rujcre) MeroAe:

. Ka6znercKe MeroAe:

o Xra4poreoxeuujcro MoAenvparbe:

o llporHocraqxe MeroAe:

PusHap-onor r.rHAeKca cra6uluoc.ru;
. CEALIMEHTOJIOIIIKEMETO{E:

. Jla6oparoprajcre Mero,qe:

o MarpocnoucKa vcnurLrBarba r4HKpycraqzja:

o Olruqxa lrctrr,rrnBarLa uuxpycraqr,tja:

o MIIHEPAJIOIIIKE METOIE:
. Jla6oparopr,rjcxe MeroAe:
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o Peu4reucxa araSparcquja npaxa:

BI4OJTOruKE METOIE:
. TepeucKe MeroAe:

o Ysoprcooarre 6rao$uruoBa 3a 6uororuxe aHanr4se;

o Y:opxoname Mr.{HepanHr.rx BoAa ga 6uolorure a*anv3e;
. Jla6oparoprzjcxe MeroAe:

o MeraresonrcKeaHanu3e:

KoHrleHrpaqraje lHK y3opaKa nouohy Qubit Fluorometric Quantitation
ype\aja;

rDNA reHa Kopxuherreu Illumina nporoKona na MiSeq ceKBeHrlepy;

o IRB-BART 6uo4erexrop;
o SRB-BART 6uo4erexrop;
o DN-BART 6uo4erercrop;

o SLYM-BART 6raolereKrop;
o HAB-BART6uolerexrop;
o FLOR-BART 6ao4erex'rop;
o CreHusr eneKTpoHcKauurpocxonuja:

o O4pef r,raarre KoHueHrpaqraje xnoporpuna;
. Ka6usercKe MeroAe:

o Euonu(fopnrarr4qKa o6paga rroAaraKa MerareHoMcKux aHarla3a

MHKpoopraHu3aMa oga6pauzx nojana Mr.rHepanH[x BoAa: yKnarLarbe Jrorur4x

ceKBeHIIu, crapeHr4x xpajena u xr4Mepa nouohy DADA2 paqyHapcKor KaHana;

AoAeJb[rBarLe raKcoHoMcKr.{x je,qanlrua xoplrurherrelr Naive Bayesian

xracu$r.rr<atopa aHrerpilcaHor y quiime2 rporpaMy ca raKcoHoMcKoM

npoBepoM y SILVA 6asu no4araKa; crarr4crr4qKo y'rsplr.rsame a:rSa-ra 6era-

Al4Bep3lzrer&, y3 Knacrepr43a\t4jy u PCA ananusy; [pr4Ka3 TaKcoHoMcKr4

aHorl{paHI4x raieta xopnruherrelr KpoHa ar,ara Kao HHTepaKTr{BHot

nperneAHr4Ka 3a Arzcrpuiyuujy raKcoHa no y3oprlr4Ma;

o llpoqeHa pvsuKa og 6raoxoposr.rje u 6uosapacrarLa BoAo3axBarHHX o6jercara,

Kao r4 caHllrapuo-xzruj eHcKe r.Ic[paBHocrr4 M r4HepanHr.rx BoAa :
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5. Or{EKI4BAHI4 HAyqHI4 AOIPI,IHOC

I4rpa4orra flpeAnoxeHe AoKTopcKe Ar4ceprarlraje nsnpruuhe ce cncreuaruraqrzja pe3ynrara a

rroAaraKa o nocrojehaM reoJrouKr4M r{ xuAporeonorrrKrrM KapaKTepHcrHKaMa ola6paHrax nojaua

MuHepanHr4x BoAa Cp6uje, Kao v yno3HaBarbe ca rbr4xoBl4M Su:uurco-xevrujcrcuu
KapaKTepr,rcruKaMa. C o6:r.rpou Aa reonoruKa cpeAlrHa npe.(craBrta Mecro orrcraHKa, pasaoja u

penpo4yxquje MlrKpooraHV3aMa Mr4HepanHrrx BoAa, rroAarlr4 o reoloruxoj rpa\u v
xr.rAporeonorrrKr4M KapaKTepr,rcruKaMa [peAcraBJbajy (pyHaarr,reHTanHy ocHoBy 3a vcrpaxnBarre
naxpo6uolorrrKor Ar.rBep3rzTera Mr4HepanHr.rx BoAa, ca HaMepoM r4MlJreMeHTarrzje 6uolorurux
ca3Harba y xnAporeoJroruKoM HHxerbepcTBy.

flpe4loNena reMa AoKTopcKe 4uceprauzje je raspa-:raro Mynrr{Ar4cur.rlnr.{HapHor KapaKTepa,

na ]IaKo y ocHoBH (xzgpo)reoJrorrrKa, c o6supou 4a je axqeHar rrcrpaxvBarr,a ycMepeH Ha

npoMeHe u rpoqece roju ce oaaajajy y LrcrpaxuBaHoM pecypcy, 'rj. y naunepanHuM BoAaMa r4

o6jercruua rcojunr ce oHe saxaarajy ycneA rrp[cycrBa cuequ$uuHor unxpo6uorou]Kor

ArIBep3r.rrer\ caqp>t<tlu suauajHe eJreMeHre 6uonoruje (vruxpo6uonoraje). Trzrr,re je ouoryheHa

,,cnoHa" xrrAporeonornje n uuxpo6uororuje, u3paxeHa Kpo3 3aB[rcHocr xr,rAporeonorrrKr,rx

ycJIoBa, ca je4He crpaHe, u unrpo6noJrorrrKor Ar4Bep3nTera, ca Apyre crpaHe, Kao r4 3aBHcHocr

u3paxeHa Kpo3 uAeHru$rarcauujy cnpeqr,rtpr4r{He raKcoHoMcKe xareropuje H xr4AporeoirorlKe

ynore u sHauaja uleurnQuxoBaHe Bpcre, oAHocHo, poAa.

My,r:rnAracuvtrnu*apaH [pucryrr y HayrrHo-r.rcrpaxr4BaqKoM pa1y cMarpaMo [r3y3erHo

rro3rrrr.rBHlru, c o6supoM Aa he onoryhuru ceeo6yxBaraH r4 AeraJbaH KoHrlenr aAeKBarHor

carJreAaBarla rrpeAMeHTe npo6renaruxe, unju ce HayqHH AonpuHoc nrana$ecryje y cre.{eheu:

fle(puuucame ynore u zuauaja uuxpo6uonouKor A[Bep3r4Tera y xnAporeoj'rourKoM

r4HxelLepcrBy, y ycnoBaMa excuoaraquje v Br.r[reHaMeHcKor ucrcopnruhanama

Mr{HepanHhx BoAa, ys uoryhnocr [poyqaBarba excrperr.ro$r.rJrHrrx Mr4KpoopraHu3aMa

rojrz cy oA H3y3erHor sHauaja 3a HayKy u qoBer{aHcrBo yoflrxre, Kao u s6or

npl4MeHJbr,rBocTr4 npoH3BoAa rbr4xoBe xr4BoTHe aKTr4BHocTr{ y pa3nl1,ql/.Tr1M rpaHaMa

raH4ycrpnje;

Irl4eurnQraraquja uruxpo6uororrrKor Ar4Bep3urera MuHepanHr4x BoAa rrpeMa pa3nHqr4Tr4M

TaKcoHoMcKI4M xareropujanaa, flpuMeHoM TexHHKa MoneKynapHe 6rao,roruje Kao

rpeHyrHo Hajnehux 4ocrunryha y cBery, uuue je, ro rrpBra ryr y Cp6uju, reHoruncKoM

u4eHru$uxaqujorur MnKpoopraHn3aMa Ha ocHoBy 165 rDNA reHa u3BprxeHa aHailv3a

Mr4HepanHr,rx BoAa;

Knaca$nxaquja rr,lranepaJlHux BoAa rrpeMa naurcpo6uolorrrKr4M flapaMerpuua, c o6:upona

Ia r4cra Ao AaHac nraje ypaleHa 3a repr4ropr4jy Cp6uje;

llpoqena pl43uKa oA pasaoja [poqeca 6r.roxoposuje u 6uosapacrarla rexHr4rrKux

eJIeMeHara BoAo3axBarHr4x o6jercara (tfranrepa, eKcrrJroaraur.roHe Ko,'roHe, rrorr4cHr4

BoAoBI4 u ctt.), Kao I,I gucrpu6yurBHe Mpexe BoAHor pecypca u nparehe repMorexHur{Ke
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orrpeMe (ronnorue [yMrre, pacxna.{Hr.r ype\aju, rarA.), y3 rrpotHo3y caHHTapHo-

xnrujeHcrce HcnpaBHocrl Ml4HepanHr,rx BoAa npr4Jrr4KoM rcopuruhen a y
6alHeorepareyrcKe cBpxe, Snarurapame rao nrajahlrx MrrHepaJrHktx BoAa, HrA.;

o ZHoearlzBHocr L rIpI4MeHa HoBr,rx MeroAcKr,rx [ocrynaKa (6uonorurcux) y oKB]rpy
craHAapAHe MeroAonotzje xugporeoJrorrrKr,rx llcrpaxnBarLa noA3eMuux (truuepa,'rHrzx)

BoAa, c o6:zpou Aa xllAporeoirorrrKa z 6ao,rourra vcrpilKvtBarba Hr4cy 6u.ua cuHxpoua

Ao AaHac, xa4a je perr o repvropnjw Cp6uje.

Tyrraaueu,e ltuxpo6zololllKor cacraBa Mr4HepanHr,rx BoAa urr,ra (pyu4aMeHTa,raH suauaj :a
HayKy, c o6supou Ha BeoMa MaJro [oAaraKa o uurcpo6uolorraju Mr4HepanHux BoAa Cp6uje, anvr
npeAMerHa ca3HarLa npeAcraBJbajy n HeonxoAHy HHxerbepcKy Beurr.rHy KaAa ce HMa 3a ur4Jb
paUuoHanHa eKcnJloaraqzja MI4HepaJrHrrx BoAa u Br4xoBo 6es6elno Br4rxeHaMeHcKo

r,rcxopra uhaBarbe.

Ha ocuony nperxoAHo HaBeAeHor, Kor',rracr,rja cMarpa Aa rrpeAnoxeHa KoHuerrluja uayvuo-
vcrpa>KrBasKor paAa, xoja he 6uru ocnoBa AoKTopcKe Aucepraqr.rje raHgN4a'ra BlalvMl/Lpa
[lapa6e, Macr. IrHx. reoJ'r., I,IMa Hayr{Hy orrpaBAaHocr v Aahe npe4craBJbarr,r suauajau HayqH:'ayt
I'IHxerbepcKH AonpHHoc, c o6:upoM Aa he 4o6r.rjeHu pe3ynrarra otroryhraru r,rMrrneMeHraqajy
ca3HaBa y uttgyctpvtju oApxaBarra BoAo3axBarHr4x o6jexara v BH[reHaMeHcKor
ucxopl.rmhaBarba M HHepanHr.rx BoAa.

6. KOHIIETIIII,IJA I4CTPAXI4BAIbA I,I CTPYKTYPA PAAA

flpoqec peanrasaqraje npeAnoxeHe AoKropcKe Ar.rcepraqrzje nogenen je y rpkt {ase rcoje cy
uefyco6uo rroBe3aHe:

I {asa he o6yxnarnru:

llprzxynrrar+,e il aHarkt3a nl4TepapHrzx roAaraxa, ny6luxoBaHr4x u $oH4oecxnx, rcojnva
ce o6paf yjy reoJIotrlKe (reorr.top(poJrorrrKe, crpyKrypHo-reoJrotrrKe, rrerporpa$crco-
MI'IHepanolxxe, urA.) LI xnAporeoJloruKe KapaKTeprzcrure o4a6panux nojaea MHHepanHHx
BOAa;

Xu4poreolotrlKo KaprllparLe u MoHHTopHlrr o4a6paHux uojana Mr4HepanHr4x BoAa,
ylo3HaBalse ca floApyujerrl IacrpaxnBarba v yBLrL y qar6eHr4qHo crarbe Bolo3axBarHr.rx
o6jer<ara in situ;
(Doprr,taparre 6ase noAaraKa;

Vlzpaga teoJlotrlKe H xl4AporeonolxKe AoKyMeHTarrHje y BVAy nporHo3Hux Jrr4roJroruKr4x
npo$una 14 KoHcrpyxquja BoAo3axBarunx o6jexara, teo,rrorrrKtlx Lr xvt1poreor,rorrrKr4x
noAJrora, 6nox4ujarpaMa, aJrtopvraMa v cil.;

o

a
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II {a:a pa4a o6yxeara:

o Mepema KBaJrlrrarr4BHr4x flapaMerapa M]rHepanHux BoAa in situ;
. YsopxoBame MI4HepanHr,rx BoAa 3a $nsuuxo-xeunjcxe z 6uolorure aHanu3e;

o Ysopxoearre 6noSI4JIMoBa sa 6uoloruKe rr HacJrara vHKpycraqraje 3a ceAr4MeHToJrorrrKe r,r

MnHepanouKe aHanH3e;

o @Hsr4.{xo-xenrujcxe aHaJrH3e M}rHepanHax BoAa;

o CEM aHanu3e 6rao$rznvrora, o4pefueame 6uouace v vcnt4TtBar+,a HacJrara uHrcpycraquje
(vr axpoc xo nc Ka, o rrrr4r{ xa u 4u $paKrlr4o Ha ucnut uaatta) ;

o XraAporeoxeuujcxo MoAeJrHpalbe r,r rrporHocrrzqKe aHaJrH3e;

o Aualu:a Mr4HepanHrlx BoAa rpuMeHoM BART 6nogerexropa;
o MerareHoMcKe aHanr43e saje.qnuqa MuKpoopraHr,r3aMa;

. flpoqeHa pn3vKa r4 MoHuroprlHr paseoja uaxpo6raolorrrKr.rx rlpoueca Ha BoAo3axBarH]rM

o6jettrurraa o4a6panrax nojaaa, Kao H nporleHa 3ApaBcrBeHor pu3aKa Mr4HepanHrrx BoAa

xopuruhemeM alJrr,rKarlrBHrrx coSraepa.

III Qasa paga je 3aBpIxHa Sasa rcoja o6lxnara o6pa4y cBr4x noAaranav pe3ynrara rcojra cy
Tolujeuu xa6uHetcrnu, TepeHcxrrM t4 na6oparoprzjcxuu r4crpaxr4Barlr4Ma Ha oga6paHunr

nojanatta MHHepanHHX BoAa. Ha ocuony cBHx npr.rKyrrJbeHprx noAaraKa I u II Sa:e rasaofema
paAoBa, useprurzhe ce $uua:rHa o6paga, oAHocHo, uspaguhe ce rpaSuuxr4 14 TeKcryanHa Aeo
npeAnoxeHe AoKTopcKe 4Iacepraquje. Oea Sasu [oApa3yMeBa xopuurhen e paqyHapcKux

rtporpaMa y cBpxy npeAcraBJbaH,a rrrro xaarrmeruujer u jacuujer lrp]lKa3a reororuKux,
xuAporeono[IKux vt 6uororuxux qu]LeHr.rua, Te 4eQnHacame noryhuocru npuMeHe

MI4KpoopraHI43aMa MLIHepaJrHrrx BoAa y pa3nr4rrr4TLrM 6aorexsolorujaua, Kao H rbuxoB

noreuqujalHu teoMe,qurIHHcKt4 sHauaj.

6. I . C'rpyxrypa caapNaja aorropcrce auceprauuje

Ctpyr<rypy rpeAnoxeHe Ao KTopcKe Ar.rceprauuj e u uue cleAehe o6:racru :

r yBoAHA PA3MATPAIbA

L llpe4naer 14 qr.rJb rzcrpaxr4Barba

2. llorasHe xlrnore3e

II TEOPI,TJCKTT OKBLTP (OCHOBE) I{CTPAXIrBAIbA

L Kpararc [pr4Ka3 o[rrrrr,rx KapaKTepucrr4Ka MuKpoopraHr43aMa

2. MraxpoopraHr.r3Mu y Ba3Ayxy, 3eMJbr.rrrrry t4BoAu
3. MuxpoopraHH3Mr.r y rroA3eMHr{u (uuuepaluutr) no4aua
4. Euoxra4poreolornja - Hayr{Ha Lt4orp4nnvHa y cKnony MeroAHKe x}rAporeono[rKr4x

HCTpaXUBarLa
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5. Ynora v snauaj [poyr{aBa}La MaKpoopraHr.r3aMa ca ac[eKTa xuAporeono[IK]4x

r.rcTpaxuBaFba Mr4HepanHHx BoAa

III EKCTIEPUMEHTAJIHI,I AEO, PE3yJITATVI k\ ATTCKyCI,IJA

1. I4s6op penpe3eHTaruBHr.rx nojana MrnHepanHnx BoAa

2. KapanrepncruKe usa6pauux nojaea MuHepanHrrx BoAa

2. I . Onurre KapaKrepucrr4Ke

2.2. f eonourKe KapaKTepHcrHKe

2.3 . Xuaporeo Jrorrr Ke KapaKTepr4craKe

3. Ma'repujaru4 u Meroge ucrpaxr.rBarra

3. I . Xu4poreoJrorxKe MeroAe vcrpaxlrBarLa
3 .2, Ce luxreHTo Jrotu Ke MeroAe Hcrpaxr.rBarba

3.3. Mr,rnepaJrouKe MeroAe vcrpaxrzBalLa

3.4. EuonourKe MeroAe HcrpaxuBarba

4. Pesynraru [prrMe]LeHnx MeroAa r.rcrpaxr4Barba

5. [uct<ycuja

IV 3AKJbYTIAK

7. 3AKJbYT{AK II TIPEAJIOT

Ha ocuony rphnoxeHe AoKyMeHraquje, Konaucuja xouc:ra'ryje ga KaHArrAar Bralulrup
lJJapa1a, Macr. HHx. reoJr., r4crpaxr4Baq-npunpaBHprK, crr4rreHAucra MuHtacrapcrBa [pocBere,
HayKe 14 TexHonomxor pasaoja Peny6,ruxe Cp6uje, Hcry[LaBa cse 3aroHoM rporucaHe ycnoBe

3a r.r3paAy AoKTopcKe lacepraqlrje. KaHAuAar Ao AaHac, r.r3 HayqHe o6lacru rcojoj npuna4a

rpeAnoxeHa reMa AoKTopcKe 4acepraquje, LlMa o6janrena ABa Hayr{Ha pa1a y qaco[ucuMa

nref ynapo4uor :uauaja Kao npBr,r ayrop, xao a je4anaecr cao[urerba ca rr.refyuapoaHl4x cKynoBa

H cKyrroBa HarluoHanHor sHauaja, Te ABa pana y qaconr4cr4Ma HauuoHaJruor suauaja.

Ha ocHoay nperneAaHor rraarepujana npujare reMe AoKTopcKe Aucepraqnje, Kao H AeraJr,Hor
yBuI{a y ocrana pacnonoxr4Ba AoKyMeHTa KaHALrAara, qJraHosu Kor\,{r.rcuje crraarpajy Aa je
rpeAnoxeHa reMa AoKropcKe 4ucepraquje roA Ha3trBoM ,,MI{KP0OPIAHII3MI4
EIIOXTTAPOTEOIOUKU r4HAI4KATOplr OAAEPAHT4X TTOJABA MlrHEpAJrHr4X
BOAA CPEI{JE" y norrryHocru HayqHo 3acHoBaHa h orpaBAaHa.

,{onpranoc y o6racru tpyn4arvrenraJrHr4x ca3Harf,a otneAa ce y [poyqaBarby
uuxpo6rzoloulKor Al4Bep3r.rrera oga6paHux nojaaa Mr4HepaJrHrrx BoAa Cp6raje, rcopzcrehu
rexHlzKe aHaJrH3e rpeHyrHo uajnehrzx 4ocrurHyha y o6nawu MoneKynapHe 6uo:roruje y cBery,
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ca ur4JbeM lrMrrJreMeHTaquje 6nororuxux ca3Harra y xuAporeoJrorrrKoM HHxeFr,epcrBy, Inro Ao

pLaHac Hr.rje 6rano rpeAMer r.rcrpaxr4Bama, ra.qa je peq o repprropnjra Cp6uje.

llpenra [peAMery aHarr43e, npNnemeuoj MeroAuuu r4crpaxfiBarba h oqeKI4BaHI4M

pe3yJrrarr.rMa, AoKTopcKa 4rzcepraquja npr4na.{a rexHr.rqKaM HayKaMa ra uayunoj o6lacrn
reoJrorrrKo r4HxerLepcrBo, y rxupeM cMr.rcny, 4ox je yxa reMarcra o6lacr xl{Aporeonoruja n

6nororzja (rranrcpo6nororuja).

Korr,rracuja [pernaxe Hacrasuo-Hayr{HoM aehy Pylapcxo-reoJlouIKor rpaxyrrera La

KaHAr4Aary Bnagranaapy fllapa6u, Macr. r4Hx. reoJr., ogo6pu pa1 Ha v3pa1r AoKropcKe

4ucepraquje rroA HaBeAeHr4M HacJroBoM, a Aa 3a MeHTope ucre rzrvreuyje gp Beceluna

fiparunruha, peAoBHor npo(fecopa Ynnaepsurera y Eeorpa,4y, PyAapcxo-reo,'rorrlKor

Saxylrera, ra 4p I{nr.rqy.(unrrcnha, HayqHor capa1HLrKa Yuunepsnrera y Eeorpa4y, Euo:roruxor

$axynrera, rcoju ucnyrranajy cee ycJroBe 4e$rznzcaue eaxehuN,r rtponucuMa YHneepsurera.

Y Eeorpa4y , | . anputa 2019. roAr4He

[p Becenuu [paruruuh, pe4onHra npoQecop

Yuu nep:arer y Eeorpa yi!, P y gat'cKo-teonolrr xr.r $axy:mer
t ,/. //

, "... L"*l)it<
[p LInr.rqa,{uux/ih, HayqHIz capaAHI{K

Yuueepsurer y Eeo;pa4y, E uo:roru xra fi ar<yrrer

-'--r ,i i^ -'-l ll:,",?CCLU/L4_/ r/ \ vr)

'4p Jana tllfp6aurcn, Aor{eHr

YHuuepsurer y Eeorpaly, Py.aapcKo-reo Jroru ra parymer

',7r

YHurepsureT y Eeo rpaay, PygapcKo-reo,'rouxu draxy,rrer

!L(^^
[p Tana Ilerponuh [anruh, HayqHrz capaAHHK

feorourrcu 3aBoA Cp6nje
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