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KAPAKTEPUCTHUKE BEJIMKHUX BOJA HA
BYJUYHUM CJINBOBHUMA Y CPBUJA

W3Boa: byjuune nomnase y CpOuju npencTaBibajy Hajuelnhy mojaBy U3 apceHasa T3B. "MIPHUPOAHHX pU3HKa" (cymre;
CHOXHE JIaBMHE; KIM3MINTA W OAPOHM; [0jaBa Tpaja; LIYMCKH IOXKAapH; OJyjHH BETap; 3EMJBOTPECH).
KapakrepucTuke BEIMKHX BOJA IPOYYEHE Cy Ha OCHOBY oOpane moxaraka ca 128 KOHTPONHHX mpoduia,
pacropel)eHHX Ha CBUM 3HauajHUM pedHHM cucTemuMa y CpbOuju, jyxuo ox Case u JlyHaBa: aHanu3upaHa je
YUYECTaJIOCT MOjaBe MAKCUMAIHOT MPOTULAja Qumax IPEKO oapehenor npara Quays, KOjH je NepHuHICaH Kao MpOceyHa
BeNUKA BOJA Quuxs- YOUCH je NMPUMApHU MAaKCHMyM (pEKBEHIWja, y IEpHOLy Maj-jyHH, Kao M CEeKyHIapHH
MaKCHMyM, y nepruoay ¢edpyap-npBa MOJIOBHHA MapTa. AICOIYTHO MAaKCHMAIHH HPOTHIAJH Qpaxa IPATE TEPHOJIE
ca Haju3paKeHUjUM (pEeKBEHIMjaMa, Maja MMa M 3HAa4ajHUX OACTyMama. 3BeleHO je HEKOIMKO penaluja Koje
yKa3yjy Ha II0CTOjarbe 3aBHCHOCTH H3Mel)y mpocedHe BEUKE BOAE Quaxsrs HOBPIIHHE CIMBA A, CPEAHET TOAUIIEET
nporuiaja Qg W ancoiyTHO MakCUMaIHOr MPOTHNAJa Qmaxa [Qmaxs={(A); Qmaxs=f(Qsr); Qumaxs=I(A, Qs
Quaxa=T(Qmaxsr)]. CHELMGUYIHE TPOTULIAJH MAKCHMAITHE OpAUHATE jeANHHYHOT XUApOrpamMa oApeljeHu Ccy Ha OCHOBY
obpajie jeIMHUYHUX Xuaporpama ca 93 xunponomke craHune. IIpencTaBibeHH Cy HCTOPHjCKH Jorahaju mojase
OyjUYHHX MMOIUTABHHUX Tajlaca, PeKOHCTPYHCAHH HA OCHOBY METOJE “XHpayIMYKHX TParosa BEJIMKHX BOHa™.

KbyuyHe peun: mpoceuHa BelIHKa BOJA, YI€CTaJOCT, allCOMYyTHO MaKCHMAIHU IPOTHIA]j, CIeNU(UIaH IPOTUIIA]
MaKCHMaJIHe OpJHHATE jeINHUIHOT XHAPOrpaMa, peKOHCTPYHCAH IIPOTHLA].

YBoa

Byjuune momnaBe y CpOuju mpencraBibajy Hajuemhy IojaBy W3 apceHaia T3B.
"NpUPOAHKUX pU3HKa" (CyIle; CHEXXHE JIaBUHE; KIHM3UINTA U OJPOHM; II0jaBa Ipajaa; MoXKapu
Ha BehmM mIyMCKMM KOMIDIEKCHMA; OJYjHH BeTap; 3eMJboTpecH). BepoBaTHoha mojaBe,
WHTCH3UTET W PAacIpOCTParmEeHOCT, YMHE HX CTATHOM HPETHOM ca IOocieAulamMa y
€KOJIOIIIKOj, eKOHOMCKO] M comujaiHoj chepu. Kimma, cenmdudan pesbed, pa3HOIHKOCT
OMJBPHOT M 3€MJBUINHOI NOKPHBAa4Ya M COLMjaJHO-CKOHOMCKH YCIIOBH, YUYHHWIH Cy 1a je
mojaBa OyjHYHHX IOIIIaBa jenHa ox pe3ynTyjyhux ¢opmu mocrojehux epo3noHHX mporeca.
KapakTepuctuune Cy moIuiaBe Ha CIIMBOBMMA IIaBHUX npuroka Komybape, u3 jyna 1996.
rogune; Bemuke Mopage, u3 jyna 1999. ronune; Konybape u Jpune jyna 2001. rogune;
nputoka Jy:xHe Mopage, y HoBemOpy 2007.; npuroka 3anagne Mopage, pune u Jluma, y
HoBeMOpY 2009. roxuHe.

Harna nojaBa Benuke BoJie y peYHOM KOPHUTY, Ca BUCOKOM KOHIICHTpAIMjOM YBPCTE
¢aze, nasuBa ce Oyjuunom noruiaBoM (Puctuh, P., 2000.). ¥ exctpemHHMM cirydajeBUMa
JONa3n 10 W3NUBama JBodasHor ¢uiynaa M3 KOPUTA, Y3 HCIOJbaBABE H3Y3€THOT
pymmiadkor aejcrsa. JIBodasuu ¢uryns canpku 9BpcTe Gppaxnyje pasinuuTuX IpaHysanyja

' ap PaTko Puctuh, Yrusepsurer y Beorpamy — IlTymapckn daxynrer, Knesa Bumecnasa 1, Beorpan
Bopuc Paguh, Yuusepsurer y beorpany — Lllymapcku dakynrer, Kuesa Buiecnasa 1, beorpan
mp Hesena BacusbeBuh, Yuusepsurer y beorpany — lllymapcku dakynrer, Kneza Bumnecnasa 1, beorpan



162

(om wectuma rimHE M0 TpoMana mpeyHnka 5.0 m, mace mpeko 200 t), Koje 3ay3umMajy u 10
60% yxynne 3anpemune (Jestuh, Jb., 1978.). Byjuunnu cnuB je xugporpadcka mesimHa Koja
obyxBaTa KOpUTa TJIaBHOT TOKa M TPUTOKA, Kao M HHMa rpaBUTHpajyhe MOBpHIIMHE, Ha
KOjlMa Cy NPUCYTHH €pO3MOHH TpoliecH Ha ojapelieHOM cTaaujyMmy pasBoja. ATpuOyT
"OyjuuHn” TIpUIIaZa CBAaKOM CIIMBY Ha KOME CE€ jaBJbajy HArJM HAJONACIH BEIMKHX BOIA
Koje cy ontepelieHe BUCOKHM calip)ajeM HaHoca, 0e3 003upa Ha BEJIMUYHHY WM KaTeropujy
BOJOTOKA. ByjHuHM TMOIUTaBHH TajllaCH Cy jeJHa OJf eKCTpeMHHX (OpPMH Yy KOjoj ce
HCI0JbaBajy MPOIIECH Pa3BHjEHE epo3Hje.

[IpoyuaBame KapakTepHCTHKa BEJIMKHX BoJa Ha OyjUYHUM CIMBOBHMA, IOPEN
TEOpUjCKE, HMa U TMPAaKTUYHY BPEAHOCT. AHanM3a YHYTap-TOAMIIE pacIojiese
MaKCHUMAaJTHUX MPOTHIAja, BE3yje e 3a MEePHOJIe KOjU CC 03HAYABA]y KA0 KpumuyHu (IICIOBU
TOJIMHE ca M3PaXEHOM ()PEKBEHIMjOM MaKCHMAIHUX MPOTHIaja MpeKo oxpeheHor mpara;
Mecely KapaKTepUCTHYHM II0 TOjaBM allCONyTHUX MakcHMyMa), INTO HMa 3Hadaj 3a
pasmuuute ciyxoe: JBIT “CpbujaBone”; Cextop 3a xuapoinornjy PXM3C (PenmyOnndxu
Xunpomereoponomku 3aBon Cpouje)-Omesbeme MPOrHO3e BOAA; OMIITHHCKE KOMYHAITHE
ciyx0e (mpobiemMaTrka BOIOCHAOIeBamka; ePUKacaH pajl CICTEMa 3a €BaKyallijy OTIIaIHIX
Boja); PemyOmmuka upexmmja 3a Bome-ciry:k0a 3a ogOpaHy on momaBa (MHHHCTapCTBO
HOJBONIPHUBpPEE, IIyMapcTBA U BOJONPHBpPEIE); MOJBONPHBpena (OIBOIHABAEmE H
HaBO/-aBame); eHepreTHka (mpobieM OWilaHca pe3epBH y akymylialpjama); ciyxoe Koje
IpaTte KBAJUTET MOBPIIMHCKUX BOJA (pPErHOHATHM 3aBOIH 3a 3aIITHTY 314paBiba; CexTop 3a
KOHTpOIIY kHBOTHE cpeanHe PXM3C-Onermerme KBanuTeTa Boja).

Marepujaa u MmeToa paga

Kapakrepuctuke Benukux Boja Ha OyjudHUM ciauBoBUMa y CpOuju mpoydueHe cy Ha
OCHOBY 0Opane momataka ca 128 koHTponHHX mpodmia (OmpeMIbEHHX IUMHHUTPadOM),
pacriopel)eHuX Ha CBUM 3HadajHUM pedHnM cuctemuma y Cpouju. Korrpomau npodumm cy
y ocMatpaukoj mpexu PXM3C. UcrpakHo moxapydje oOyxsara teputopujy Cpbuje jyxHO
on Case u Jlynasa (66873 km?), Ha cimBoBuMa: Bemke Mopage; Jyxue Mopase; 3arane
Mopage; HUopa; Konydape; pune; bemor [dpuma; Bapnapa; Ctpyme; TUPEKTHHUX JESCHHX
nputoka Case u JlyHaBa (ciuka 1). Y ananusu pexuma IojaBe BEJIMKHUX BojJa KopuiiheHe
cy 102 xuaposonike CTaHHIE, 0K Cy jEANHUYHN XUAPOTPaMH U3/IBOjeHN Ha 93 cTaHUIe.

Jlujanason BenuumHa oOpaljeHMX CIOMBHHX NOApydYja m3HOCH A=52-1268 km’,
PerncrpoBann MakcUMallHU MTPOTHIIAjH CY MOCIEANIIA HHTCH3UBHOTI ITOBPIIMHCKOT OTHIIAja,
KOj! HacTaje Ha TPU HAYHMHA!

e  T1I0jaBOM jakuX Kumra kpaher Tpajama, WK Ty>KUX KAIIA CIa0¥jer HHTCH3UTETA,;
®  OTamameM CHEra;
e  KOWHIMJICHIIM]OM II0jaBe KHIla U OTalama CHeTa.

Byjuune nomiaBe Ha Teputopuju CpOHje HacTajy Kao MOCieaAnIa CBa TPH IIOMEHYTa
HauyKHa, ayu je Moryhe younTs JOMHUHAHTaH HAUYUH Ha MOjEIMHUM CIMBOBHMA. Y OBOM pany
je JeTepMHMHHCaHa Y4YecTaJoCT II0jaB€ MAaKCUMAIHOI NPOTHHAja Qpuay, IPEKO HEKOT
yrBpheHor HHMBoa (mpara), y NOjelMHAM MeECelnMa, 3a YUTaB HHU3 TOJMHA OCMaTpamba
(3axspyuHo ca 2007.). AHanM3uMpaHa je Y4ecTaJoCT MaKCHMAIIHOT MPOTHHAja Q.x, KOJH
npeManiyje MpOCEeYHY BEIUKY BOAY Qpuaxs, ACQUHHCAHY Kao NPOCEK TOJUIIEUX
MaKCUMATHUX NPOTHLAja Qpayi, 32 YMTAB HUA3 TOJMHA OcMaTpama N:

N

2O

0 — =l
max sr N
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Cauxa 1-UcTtpaxHo noapyudje: repuropuja Cpouje jy:xxno ox Case u /lynasa

YcBojeH pedepeHTHH MPOTHUIIA]j, OHOCHO MPOCEYHA BeUKA BOJA Quaxsr, OApehena je
Ha OCHOBY 00pajie Hu3a o1 HajMarbe 25 roguna ocmatpama (N > 25), mro je kpurepujym
3a mpumeHy ommre Teopuje ekctpemMa GEV (General Extreme Value, xoja oOyxsara:
Gumbel pacnogenmy u Tpomapamerapcky pacmopgermy) u Pearson III pacnmogene (IWEM,
1987.).

OBakBa aHanM3a JIOBOJM JI0 Ca3Hama Ja je IojaBa MakCHMaJHUX IMpOTHIAja Ha
OyjU4HHM CIIMBOBHMA CE30HCKOI KapakTepa, OJHOCHO, Ja je Y4YecTaJlocT MAaJIeKO
u3paxeHuja y nojeauHuM nenosuma rogune (Pucruh, P., 2000.). Moxe ce mecutu na je
HajBeha ydecTamocT OyjUYHMX TIOIUIaBa, HA JAaTOM CIIMBY, MOCICAMIA JCTHUX, OJIYjHHUX
KHUIIIa, a ]a Cy arCOyTHU MakCUMyMH MIPOM3BO/I TOIUIMX, MPOJIehHNX KHIlIa KOje JOBOJE 10
oramnama cHera. Crien(UUHM TPOTHIAjH MaKCUMallHEe OpJAMHATE jeMHUYHOI XHIpOorpama
oJpeheHn cy Ha OCHOBY 00pajie jeJMHUYHHUX XHIporpama ca 93 XuApoIomIKe CTaHuIe, ca
CBUX BaXXHHMjUX pEUHHMX cucTtema jyxxHo on Case m /[lyHaBa. Y pany cy mnpuKazaHH
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HCTOPHjCKH CITy4ajeBH I0jaBe MAaKCHMAITHOT MPOTHIIAja, KOJH j€ PEKOHCTPYHCAH MPUMEHOM
MeTOJIe “XHIpayTUIKHX TParoBa BEIUKHUX BOJA .

Pesynratn ncrpaxkunpama

Ha cnuBy Benuke Mopase, yuecTanocT Qumax™>Qmaxsr J€ HajU3pakeHuja y nposichuom
nepuoy (Maj-modveTak jyHa), a CIeAU 3UMCKH repuoj (IpBa MOJIOBHHA MapTa). MeceuHu
MakCHMyMH IIpOTHIaja YIJIaBHOM ciejae nepuone ca HajsehoMm  QpexBeHnmjom
(Qmax>Qumaxsr), MaJa UMa IpUMepa Ja ce alCoNyTHH MAaKCUMYM Q... jaBH y Mecely ca
Masiom ydecranomthy (Oparje-Kanenuhka peka; Majyp-Jlyromup, ciauka 2). AnCOoIyTHH
MaKCcHUMAaITHU TpoThnaj Qunax, C€ jaBJba y jyHY U Majy Ha 1o Tpu npodmia, a y ¢pedbpyapy Ha
IBa.

3 500
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-+ X-- Qmax>Qmaxsr n n 1
» Prof il : Majur 450
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+ 300
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+ 200
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Cimka 2-YuectanocT Qumax™ Qmaxsr (Majyp-Jlyromup)

Ha cmuBy Jyxne Mopage, y4ecTanocT Qu.x>Qmaxsr j€ HAjU3paKEHHja HA Kpajy
mponeha (IpBa MOJOBHHA jyHA), a CIIEAW TMOYETaK Jiera (MOCielmba IeKala jyHaA-TI09eTaK
jyma). MecedHn MakCHMyMH TIpOTHIaja YTJIaBHOM ciefe Tepuoje ca Hajsehom
¢pexsernrjom (CBohe-Jlyxunna, cnuka 3), Mmaga y cnuBy Tommume qonasu 10 3HaYajHOT
oncrynama Ha Tpu npodmiaa (Mephes-JlykoBcka peka; Kypmymnumja-bamcka; [loma
Cenosa-Tommuia), kao u y ciuBy Ilycre peke (IlykoBan-Ilycra). AncomyTHu MakcCHMaTHI
npotuidj Quax, C€ jaBiba y jyHy M jyiy Ha mo ocam npoduia, y ¢pedpyapy Ha 4eTHpH, Y
HOBEMOpY Ha TpH, allpuily U Majy Ha 10 /IBa, U Y jaHyapy Ha jeZJHOM.

Ha cnuBy 3anagne Mopage, yuecTanocT Qunax>Qmaxsr j€ HajU3pakeHHja y nposichHoM
neproay (Maj-cpeiiHa jyHa), a ciieu jeceru (HoBeMOap). MeceuHn MakCUMyMHU MPOTHUIaja
yIJIaBHOM ciiesie nepuose ca HajsehoMm ¢pexBeHumnjom, nzyseB npoduna bphanu-JAnunna.
ATICOITyTHH MakCHMaITHH POTHIA] Qpn.xa CE jaBJba y Majy Ha ocaM npoduia, y HOBeMOpy Ha
TpPH, U Y aBT'YCTYy Ha jeJJHOM.
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Canka 3-YuectanaocT Qumax™>Qmaxsr (CBohe-JlyskHnua)

Ha ciuBy Ubpa, yuectanocT Quac>Qmaxsr j€ Haju3pakeHuja y npoichHoM mepuomy
(maj-cpenuHa jyHa), a ciean 3uMcku (pedpyap). MeceuHr MakCHMyMH HpOTHIaja Cieie
nepuoze ca Hajsehom ¢pexsenimjom Ha BehwHM mpodmia, JOK Ha HEKMMa JIOJa3H JI0
3HAYaJHOT OACTymama. Tako Ha CTYICHHIM alCONYTHH MaKCHMyMH (Maj MeEcel) ciele
Hajehe ¢pekBeHmuje (Mmnanua-Cryaenuna; Ymhe-CryneHnna), Aok ce Ha Pamikoj
aTICOyTHH MaKCUMYMHU Qp.x, jaBIBajy y Majy (HoBu Ila3ap-Pamrka) m HoBeMOpy (Pamika-
Pamka), 3a pa3nuky ox (pekBeHIHja Koje TOCTIKY MakCUMyM y ¢ebpyapy. AmcoryTHH
MaKCHMallHA NPOTUNE] Qu.xa CE jaBJba y HOBeMOpPY Ha meT npoduia, y Majy Ha 4eTHPH, Y
JYHY U jyJly Ha IO jeIHOM MpoguIy.

Ha cmuBy Komy6ape, yuectanocT Qumax>Qmaxsr J€ HajU3pakeHHja TOKOM mposiehHor
nepuona (Maj-cpeauHa jyHa), a cieau 3uMcku ((eOpyap-cpemuHa mapra). MecedHu
MaKCHUMYyMH IIPOTHIIaja YIIaBHOM cieqe nepuone ca HajsehoMm (pekBeHInjoM. ATICOIYTHH
MaKCHUMAJIHHU MPOTHLA] Qaxa CE jaBJba Y Majy Ha YETHPH Npoduia, y jyHy Ha TpH, y jyiy H
(debpyapy Ha 110 jeHOM npoduity.

Ha cmuBy [pune, yaectanocT Qua>Qumaxsr j€ HAJU3paXKEeHHja TOKOM jECeHe-3UMCKOT
repuona (HoBeMOap; nenemOap; hedbpyap) a ciean nponehHu (anpuii-ipBa MOJIOBHHA jyHA).
Meceuynn MakCHMyMH TpOTHIIaja YTIaBHOM ciene Iepuoae ca HajsehoM (peKBEHIHjoM,
CeM 3HaTHHjer oAcTymama Ha npoduiny Bapmumre-l{pan P3aB. AncomyTHH MakCcHMaTHH
npotunaj Qu.x, CE jaBJba y HOBeMOpY Ha jBa mpoduia, a y anpuiy, Majy ¥ jyJay Ha Mo
jeanom npodury.

Ha cmuBy JlyHaBa, y4ecTaiocT Quax>Qmaxsr j€ HAjU3paXKeHUja KpajeM 3uMe U
noyerkoM rmpoisicha (Mapr-anpwin). MecedyHH MakCHMyMH TIpOTHIAja YIJIABHOM CleJe
nepuojie ca HajsehoM QpeKBeHINjOM. ATMCOTYTHU MAaKCUMAIHH NPOTHIE] Qmaxa CC jaBJba y
JyHy Ha 4eTupH npodwiia, y MapTy Ha Tpu, a y ¢pedpyapy, anpuiy, Majy, jyiay U aBrycTy Ha
IO jeJTHOM Mpoduity.

Ha cmuBy bBemor J[lpuma, yduectanocT Quax>Qmaxsr j€ HAJU3paXKEHHja TOKOM
nponehiHOr Tepmoma (Maj Mecer). MecedHHM MakCHMyMH TIPOTHIaja YTJIAaBHOM Ciene
nepuone ca Hajpehom ¢pekseHmjoM, ceM y aBa ciydaja (Kpymeso-Pecrenmmaka pexa;
Miuke-bpojcka). ATICOTYTHH MaKCUMAITHHU TPOTHIA] Qpaxa CE jaBIba Y HOBEMOPY Ha ceiaM
npoduia, a y okToOpy Ha jeHOM.
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Ha cmmuBy Bapmapa, yuectanocT Qumax>Qmaxsr j€ HajU3paxennja TokoM npoineha (Maj-
cpeivHa jyHa), a cieAd 3UMCKU nepuoa (jaHyap-deOpyap). MeceuyHH MakCUMyMH
MpOTHIIaja YTJIaBHOM cJene Iepuoie ca HajBehoM (QpeKBEeHINjOM, CEeM 3HaTHHjeT
oncrynama Ha npoduny bpoa-Jlenenan. AncosyTHH MaKCHMATHU TPOTHIA] Q axa CE jaBIHA
TOKOM Maja, jyHa ¥ HoBeMOpa, Ha 110 jeIHOM NpoduTy.

Ha cmuBy Crpyme, yuecTamocT Quax>Qmaxs j€ Haju3pakeHHja TOKOM mpoJcha
(armpmut; mpBa moJjIOBMHA jyHa). MeceuHr MakCHUMYMH IMPOTHUIIaja YIJIaBHOM ClleJie Meproie
ca HajehoMm ¢pekBennujom, cem mnpodmna bocunerpan-boxudka peka. ArcoayTHH
MaKCHUMaJIHHU NPOTUIA] Qaxa C€ jaBIba y JyHY Ha TpH NMpoduia, a y cenrteMOpy Ha jeHOM.
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Cauxa 4-3aBucHOCT Qpaxs=f(A)

JujarpaMu Ha KojuMa je TpeACTaBbeHA YIECTAIOCT MAKCHMAIHOT MPOTHIIaja, IpeMa
m3HEeTOM KpATEPUAJYMY (Qmax>Qmaxsr), IO TOjSIHHAM MECEINIMa, BeOMa Cy WIIyCTPATUBHU Y
NOTJIeTy TOAUIIELE PACIIojieNie MAKCHMAITHOT IIPOTHUIIAja U HeTOBE aliCOTyTHE BPSIHOCTH.

Ha cBakom amjarpamy, mopesn o3Hake mpouiia W peyHor TOKa, YHET je MoJaTak o
MOBPIIMHU ciuBa A, Opojy roamHa ocmarpama N, MPOCEYHO] BETHKO] BOAH Quauxsr U
aTICOIyTHO MaKCHMAITHOM MPOTHLA]Y Qpax, (cTHKE 2 1 3).

Ha mpoceuny Benmuky BOIy Quaxsr 3HAYAJHO yTHYE MOBPINKHA CIIMBA A, Kao jeJHA Of

JOMHHAHTHUX (PU3UUKO-Teorpad)CKUX KapaKTepHCTHKA, HITO j€ MPEACTaBJbEHO CTEICHOM
BE30M:

_ 40.669
Qmaxsr =4

Jujarpam (cika 4) rokasyje peaTHBHO XOMOT'EHO II0Jb€ Tadaka, CeM €KCTPEMHOT
MakcuMyMa Ha npodmry bakosuma-Epenuk (ciaus benor [puma).
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Cauxka 5-3aBHCHOCT Qpaxs=f(Qsr)

Ha mpoceuny BenuKy BOAY Qmaxsr 3HAYAJHO YTHUE MPOCEYAH TOIUIIELH MPOTUIA] Qyp,
IITO je MPEACTaBJLEHO EKCIIOHEHIIN]aTHOM BE30M:

O axsr = 21.60- 202020,

Jujarpam (ciamka 5) mokasyje pelnaTHBHO XOMOIEHO I0Jb€ Tauyaka, CeM BHUCOKHX
BpenHocTH Ha mnpoduiauma Yikumdka [lokera-Ckpamex (ciuB 3amagne Mopase) u
Bapnumre-Lpuu P3aB (ciuB [lpune), n mane BpenHoctu Ha npopuiny Cranuuerme-Temcka
(cmB Jyxne Mopasge).

W3Benena je u penanyja Koja mokasyje yTuliaj HOBPILIMHE CIIMBA U CPEIhEr MPOTHIiaja Ha
IIPOCEYHY BEJINKY BOIY (ca KOS(HIM]jEeHTOM BUIIECTpYKe Kopenanuje R=0.824).

Qmax” = 4461 . A0-331 Q 0.429

sr

OmHOC amnCOoNyTHO MAaKCHUMATHOT TPOTUIAja Quaxs, H3MEPEHOT Ha II0j€AWHUM
pohHUIMMa, ¥ IPOCEUHE BEIHUKE BOME Qynaxsr, IPEACTABIBEH j€ CTETICHOM BE30M:

Qmaxa =3.143. Qmaxsr1.031

Jujarpam (ciauMka 6) IoOKa3ye peNaTHBHO XOMOIEHO II0JbE€ Tadyaka, CeM BHCOKE
BpenHoctd Ha npoduny Ceolhe-Brnacuna (cinus Jyxxue Mopase).
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Caunka 6-3aBHCHOCT Qnaxa=F(Qumaxsr)

CrnenuduyaH NpoTHNHAj MAKCHMAJIHE OPAUHATE jeANHHMYHOT XHAporpaMa

CreunuyuHu MPOTHUIAJM MaKCHMAllHe OpAMHATE JeIUHUYHOT XHUApOrpama ((qsmax)
onpeheHn Cy Ha OCHOBY 00Opajie jeMMHHYHUX XUApOrpaMa ca 93 XuApOJIOIIKe CTaHHIIe, ca
CBHX BaXHUjUX peuHHX cucteMa jyxHo ox Case u [lyHaBa:

_ qmax

qs max A

G max (Is""mm™") — MaKkcHMaHa OpJMHATA jeIMHIYHOT XUAPOrPaMa

A (km?) — moBpuiHa cuBa

Kapakrepuctuune cy Bpennoctu Ha npogwmry Cemiape-Jabnannna (BeIuduHa ClIUBa
A=140 km?), rie je perucTpoBaH (gna,=178 I's’km>mm™, kao u npoduny Bmacoruuue-
Bracuna (A=972 km®) rie je perucTpoBaH (m=93.0 Is'km>mm”. Mehyrum, na
nujarpamy (cimka 7) ce MOXKE YOUMTH Ja Cy Ha CIMBOBHMa mospimmae A<100 km®
3a0eJIeKeHE PENaTHBHO Malle BPSAHOCTH CIICHU(HYHOT MPOTULAja MAaKCUMAHE OpANHATE
JeIMHUYIHOT Xuaporpama. To je mocienniia HeIOBOJHHOT Opoja mpodmia, Kao M KPaTKHX
HU30Ba TOJMHA OCMaTpama, TaKO Ja JOBOJbAaH OpOj EKCTPEeMHHX emnu30Aa HHje HU
perucTpoBaH. Y IHMJby CTBapama 00jeKTHBHH]E CIHKE O KapaKTepPHCTHKaMa BEIMKUX BOAA
Ha MajliM, HEM3yYCHUM CIIMBOBHMA, HEOIIXOJHO j€ YCIIOCTABUTH PENPE3CHTATHBHY MEPHY
MpEXY.
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Ciauxka 7-Cnenu(puyHy NPOTHIAJH MAKCHMAJIHE OPAHHATE jeAHHHYHOT XHApPOrpamMa
(1-Cenanape-Jadaanuna; 2-Biracornnue-Biaacuna)

Hcropujcku npumepu nojape 0yju4HUX NMomIaBa

VY Tabenu 1. mpeacraBbeHH Cy NMPUMEPH I0jaBe OYjUUHMX MOIUIaBa (ca OCHOBHUM
KapakTepuCcTUKaMa) Koje Cy PEKOHCTPYHCaHE Ha OCHOBY METOJE ‘XHIpPayJIMYKHX Tparoba
BEJIMKMX BOJa™, JOK Cy Ha jaumjarpamy (cimka §) HaHeTe MaKCHUMalHE BpPEIHOCTH
cnemuduyHor orunaja. OHO MTO je 3ajeJHUYKO HM3JIOKEHHUM CIIydajeBUMa jEcTe: BEJIMKH
HaruOu peyHor kopurta, 1,=5.74-13.45%; 3HAuUajHU [EJIOBH CIMBOBA IOJ TOJICTHMA,
JEeTpaAupaHiM IIyMamMa WM TOJbONPUBPEAHNM 3€MJBMINTHMA; IUINTKA, CKEJETHA
3€MJBHIITA, Major HHQWITPAIMOHO-PETCHIIMOHOT KalalTeTa; YIPOXKEHOCT EpPO3HjOM;
Y3pOK TI0jaBe BEIMKUX BOAa OmMiie Cy jake Kuiie KpaTtkor Tpajama (90-180 mwmmyra), ca
uHTeHsuTeTEMa 1=0.75-1.17 mmmin” (750-1170 m*km™). Ilocnemumna je Omna Harma
nojaBa OyjUuHMX TMOIUTABHUX Tanaca, 3Ha4yajHo yyemihe uBpcTe (haze, H3paxkeHa
JIECTPYKTHBHOCT.

Tabesna 1: OCHOBHe KapaKTepUCTHKE PEKOHCTPYHCAHHUX OyjHYHHMX NMOMIaBa

Jlatym IToBpmHa Qunax Qmaxsp Tpajame/
Boorox TTpogux mnojase cimea [km?] [m*s] [m*skm?] MHTEH3UTET
Pu6muia Mawrtpuh | 13.06.1996. 104 418.08 4.02 0 7?31;“;2111 B
ManacTrpuia Bpexdbe 13.06.1996. 29.5 154.9 5.25 0 75?;1“&1 B
Cejannuka 90min;
e Ipremmma | 02.07.1983. 12.51 62.75 5.02 L OLmmmin
Jleurrapcia Bramrani |5 07 1982, 2.64 16.16 6.12 90min;
JIOJIMHA Xau 1.17mm'min.
Kamvancka |- Bramrms | o979 16.04 149.0 9.3 /
peka Xan
Tajanmsa | g0 rmo 1995 17.80 220.0 12.36 165min;
peka 1.06mmmin.
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Hajsehn cnemududan nportuuaj qq,=4.02 m’s'km™, perucTpoBaH y ocMarpaukoj
Mpexku PemyOmmakor Xuagpomereoposomkor 3aBona Cpbuje (PXM3C, 1997.), jaBuo ce
13.06.1996. ronune Ha per Pubnwnim (mpodun Iamtpuh onpemiben mumMHATPadOM).

Hctor mana, nHa permm Manactupunu (moncnuB Pubnure) jaBuo ce xaractpodanaH
NPOTHIIAj, KOJU je TOTOBO YHHUINTHO IeHTap cena bpexlhe, mocne onyjue Henoroze ca 135
mm nanaBuHa. [IpoTHiaj je peKoHCTpyHcaH MPUMEHOM MeETOZe "XHApayIHMYKHUX TparoBa
Bemuknx Boma” (Risti¢, R., et al, 1997.), a kacHHje MpPOBEPEeH MPUMEHOM XHAPOJIOMIKO-
xunpaynnakor mosena HEC-RAS.

Ha Cejannukoj peru jaBuia ce BelIHMKa BoAa Koja je IpeNnia U3 rpafcke peryarje
(mpojexToBaHe Ha Qpax(19%)=53.0 m3‘s'1) u noraBmia reHrap mecra ['paenuna (Kostadinov,
S., et al, 1992.), mocne onyjHe Hemoroze ca 91 mm najgaBuHa.
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Cimka 8-Crneuu(puyHM MAaKCHMAJIHM OTHIIAjH 32 eKCTPeMHe Oyju4He Monjape
(1-/bemrrapcka noamna; 2-Tumjanuuka peka; 3-Kanumancka peka;
4-Cejannuka peka; S-Manactupuna; 6-Puénuna)

Ha Bonmoroky Jbemrapcka noiuHa (HMOBpeMEHH TOK, Koj Bnamumumnor XaHa, ciuB
Jyxne MopaBe, ekcnepuMmeHTanHud ciuB - Llymapckor — ¢akynrera  onpemibeH
numuurpadom), 3abenexeH je cnenuduyaH NpoTHLAj (sp=6.12 m’s'km™, mocne omyjue
Hemoroze ca 105 mm magaBuHa (Kocragunos, C., 1988).

Ha Kamumanckoj perm (y uentpy Bnamgmuambor Xana ymmBa ce y Jyxxay MopaBy)
JOIIUIO je IO M3NMBama ABO(azHOr (uiynaa M3 PeryjJrcaHor KOpUTa M yHUINTEHAa LEHTpa
rpaza, 1929 rogune (BO Eposuja, 1970.), ca cnenuduanumM npotunajeM gs,=9.3 m*s™ km™,

Ha Tumjannukoj permr y Makenonuju, y neHTpy rpaza Herotmno, mommio je 1o
n3JMBama ABodasHor ¢uyuaa u3 rpajacke perynammje (IBorybo kopuro Tparmesne gopme),
ca crenuGUUHNM TIPOTHIAjeM (s=12.36 m*skm™, mocne onyjue Hemoroxe ca 175 mm
nanasuHa. (Blinkov, 1., et al, 2002.). [Ipumep OyjuuHe morutaBe Ha TUMjaHUYKO] peIU
HaBEJICH je Kao eKCTpeMHHM joralhaj 3a peruoH, u oaropapajyha mopemOeHa BPEIHOCT 3a
norahaje koju cy 3abenexxenn y Cpouju.
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JHcKycHja o pe3yJTaTHMa HCTPaKHBaba

AHanu3a y4ecTaqocTH MaKCUMAaJHOT MPOTHHAja Qp.y, MPEKO YCBOjeHOTr mpara (Koju
j€ O3HaueH Kao MPOCEeYHA BEIHKA BOAA Qaxs), TOKA3aNa je 1a Cy KPUTHYHH TIEPHOIHU Kpaj
nponeha (Maj-npBa NoJOBHHA jyHa) U Kpaj 3uMe (pebpyap-npBa mosioBrHa Mapra). [lepron
Maj-npBa IOJIOBMHA jyHa O3HA4Y€H j€ Kao MpUMapHH MaKCUMyM Ha BeliMHM CIIMBHHX
noapy4ja (Benuka Mopasa; Jy:xua Mopasa; 3amagna Mopasa; Mbap; Kony6apa; Bemu
Hpum; Bappap; Ctpyma). Brucoke BpemHOCTH NMpoTHIaja Y OBOM INEPUOIY Cy HOCIEauIa
WHTEH3UBHUX KHIIA, YWje je Tpajarbe, YIJaBHOM, HEKOJIMKO caTH (AHEBHH U MECCUHH
MaKCHUMYyMH T1ajJiaBuHa, Ha BehuHn xumomepHux cranuia y CpOuju, Be3aHU cy 3a HEpHOJ
Maj-jyan). [lepuona ¢pedpyap-mpBa mMoroBHHA MapTa 03HAYCH je Ka0 CEKYHIAPHA MaKCHMYM.

Y 0BOM Jiely TOIMHE YeCTH CY MPOJOPH TOIUIMX Ba3AyIIHHX Maca, LITO JTOBOIH IO
HAarJor pacTa TeMIIepaType Ba3ayxa M OTallama CHera, HapoYWTO Ha jy)KHUM M 3aIlagHUM
eKCITO3HIHjaMa.

ATICOJTyTHO MaKCUMAJIHE BPEIHOCTH MPOTHIAja Qpax, Ha BehuHM npoduia ce jaBibajy
y IepuoiuMa H3paXeHUX ydectatoctd. MelhyTum, Ha HekuMM npoduIMMa arcojayTHO
MakcuMasiaH MpOoTHIA] Quaxa CE jaBJba y MEPHOAY H3PAXKECHO Maje Y4eCTaJOCTH, IITO je
nocieanna crneluUYHUX KIMMaTCKO-XHPOJIOMIKUX YCJIOBa: HAarjk pPacT TeMIeparype
Ba3ayXa TOKOM 3HMME IITO JIOBOJIH JIO OTalama CHEXHHX Maca, a 4eCTO KOMHIUAWpA ca
KHIIaMa c1ador WHTEH3UTETa, JYKET Tpajara; I0jaBa CHEXHUX IaJaBUHA KpajeM 3HMe,
TocJie 4Yera cjiey Harlld pacT TeMIlepaType Ba3lyxa M Op30 oTamame; MojaBa HEKOJIHNKO
Y3aCTOIMHHUX KUIIHMX €MU30/1a TOKOM JISTH-CT IEPHO/a, YCIIe I Yera Joa3u 10 3aculieha HWiH
3HayajHe PeAyKUHje HHPHITPALMOHO-PETCHIIHOHOT Kallal[uTeTa 3eMJBUIITA.

Penanmje xoje medmummmy omaoc u3mely mpocedne Benuke BOAE Qaxs, HOBPIIMHE
ciuBa A, cpelmber TOIUIIEBEr NPOoTHIaja Qg U alCOMYTHO MaKCUMAIHOT HPOTHLAja Qmaxa
[Qmaxsr:f(A); Qmaxsr:f(er); Qmaxsr:f(A» er); Qmaxa:f(Qmaxsr)] HOTBthjy OYCKHNBAHU HHUBO
3aBUCHOCTHU H3Mel)y IOMEHYTHX BeIHYHHA.

3aBUCHOCTH Cy J00HMjeHE Ha OCHOBY O0paje MmojaTaka M3 OCMaTpauyke MpEexe
Penyonuukor Xwumgpomereoposomikor 3aBoma CpoOuje. [lpommpeme ocMmarpauke Mpexe,
pact Opoja roaMHa ocMmarpama, Mo0oJblIakhe KBATUTETA MEPHE TEXHHKE M OJpiKaBamba,
Bonuhe yBehamy 6asze nmopaTaka, 1 MOAN(UKALIU]H OJTHOCA PasMaTPaHUX BEJIMYHMHA.

Byjuune mormiaBe, kao Hajuemrha mojaBa W3 apceHana “HIPUPOJHUX pH3MKA™ Ha
teputopuju Cpbuje, 3axTeBajy 030MIbaH NPUCTYII KOJH C€ MOXKE Pea30BaTH Kpo3 cieache
AKTHBHOCTH:

- uneHtH(UKanUja 30HA pU3NKA (YUTABH CIIMBOBH WM MIOjSAMHE ICOHUIE KOPHUTA);

- MOHHUTOPHHT (HHBO BOJE y PEYHOM KOPHUTY; KOJIMYMHA NaJaBUHA), IPOTHO3a H CUCTEM
YII030pemha;

- KpaTKOpOYHE Mepe 3allITUTE;

- JIyropoyHe Mepe 3allTHTE;

- HauuH Kopuhema 3eMJBUIITA U YIPABIbABE PU3UKOM;

- eoyKallWja jaBHOCTH U MH(OpPMHUCAE.

Kparkopoune Mepe 3allTHTE OJHOCE C€ Ha CBE IOCTYIKE KOjU C€ MOTY H3BECTH
penaTHBHO Op30: aJMHHUCTpAaTHBHA 3a0paHa Tpagmbe Yy IUIABHO] 30HHU; YHINNCHE
perynanuja; 3a0paHa cedye myma Ha HaruOuma. /lyropoyne Mepe 3allITHTE c€ OJHOCE Ha:
M3pajy aKkyMynaluja ¥ peTeH3Hja 3a MPHUXBAT IIOIUIABHUX BOJA; M3MEIITAlkEe CTAMOCHHUX H
HHpacTpyKTypHHUX obOjekaTta u3 yrpoxenux 3oHa (Ristic, R. et al., 2006.); npoTnBepo3noHO
ypeheme CIIMBOBa; peryJalioHe paloBe Y KOpUTHMA OyjU4HHX TOKOBa. [IpomMeHa Ha4yMHa
Kopumhema 3eMJBHINTA, Y LWJBY CMamelha CpPO3HOHE MPONYKIHMje M TMOOOJbLIamka
UHOUITPALHOHO-PETEHIMOHNX CBOjCTaBa 3eMJBHMINTA (NOIIYMJbABAme, 3aTPABJbUBAME,
MIPOTHBEPO3HOHA arPOTEXHUKA), IPEACTaBIba OTydyjyhn Kopak KOjuUM ce PH3HUK O I0jaBe
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Op3or moBpmuHCKOT oTHnaja cBoau Ha mMuHHMYM (Risti¢, R. et al., 2001.). ebunncane
30HE pPHU3UKa M YOYEHa CE30HAJTHOCT Y I0jaBH BEJUKHX BOAA OTBapajy MOTryhHOCT
(hopmupama crcTeMa paHOT yro3opema y peanHoM Bpemeny (Risti¢, R. et al., 2000.), anme
ce 3Ha4YajHO CMambyjy MOTCHIIMjaJTHE IMTETE M PU3UK 32 JIOKATHO CTAHOBHHIITBO.

CrerupuuHOCT ycioBa (popMHpama MaKCUMAIHOT OTHIIaja Ha OpJICKO-TUTAHUHCKHM
CIIMBOBUMa (BENMKM HAaruOu TepeHa y CJIMBY M PEYHOM KOpHUTY, MoryhHocT Op3e
KOHLIEHTpAIMje BOJAA, IOKPETamhe BEIUKHX KOJMYMHA EpPO3MOHOr Marepujajia) 3axTeBa
00a3pUBOCT NMPWIIMKOM MpOopadyHa MaKCHMAJIHOT IPOTHLaja oxpeljeHe BepoBaTHOhe nojaBe,
Ka0 OCHOBHOT YJIa3HOT ITOJIaTKa 3a JAWMEH3MOHHUCAE MOTYKHUX U TONPEYHHUX ofjexara y
Oyjuunom koputy. OtexaBajyliy OKOJHOCT MpPENCTaB/ba M HEMOCTOjalbe KOHTPOIHOT
MoJIeria 3a MPOIeHY TaYHOCTH OBHX NPOpavyHa. JeIMHN KOHTPOJIHHU MOJEN Y HAIlOoj MPaKCH
je damunmja KpUBHX aHBENONa crenn(UYHUX OTHIAja BEJMKUX Boja Ha pekama Cpowuje,
6e3 BojBoamne, 3a cnuBose BemmuauHe 10-100.000 km? (Jankosuh, JI.; Mamnomesuh, /.,
1989.). TlotnyHo je HexeduHHCaH MHTEpBAN 3a cimBoBe Bemmumae A<10 km?, jep Hema
CTaHUX MepHuX npodmia y ocmartpauko] mpexkn PXM3C. AuBenone crenupuIHnAX
OTHIIaja BEMKKUX Boza (TpHKa3aHe Ha Aujarpamy ciuke 8), 3a nHTepBai nospimuna A=1-10
km’, noGujeHe cy MeromoMm rpaduuke HMHTEpIONALMje INTO Ce HE MOXKE CMATpaTH
NOYy3/aHUM TOCTYNKOM. VIHTepBanm MaKCHMaJHUX BpPEAHOCTH NPOTHIIAja, 32 CIMBOBE
Bemmunae A<10 km® moryhe je meduHECAaTH Ha OCHOBY PEKOHCTPYKIHjE HCTOPHjCKHX
OyjUYHMX TOIUIaBa TPUMEHOM METOJIE “XUAPayJINUKNX TParoBa BEJIMKHUX BOJA .

3akibyqnu

O bByjuuHe morniaBe mpencTaBibajy Hajuemhy MojaBy M3 apceHalna ,,JIPUPOJHUX PU3UKA‘
Ha Tepuropuju CpOuje. IbnuxoBa ydectalocT W HHTEH3MTET, MOCIEIHULE CY
JOMHUHAHTHUX  KIMMAaTCKMX  yCJIoBa W JIOKQTHHX  (PU3HYKO-Teorpa)CKux
KapaKTEepUCTUKA CIMBOBA. HeraTWBHU acmeKkTH JbYACKOT paja, 4YMjU je pe3ynraT
nosehame epo3noHe NPOAyKIHje, 3HauajHO yBehaBajy IeCTPYKTHBHOCT OyjHYHHUX
TI0IJIaBa,;

O PexuM nojaBe BeIMKUX BOJA IOKa3yje Ja Cy KPUTUYHHM NEPHOAM, Y CMHCIY I0jaBe
MaKCHUMAJIHOT TPOTHHAja Q. Ipeko oxapeheHor mpara Qu.s, Ha BehWHH CIMBHHX
noapyyja (Bennka Mopasa; Jyxxna Mopasa; 3aragna Mopasa; 16ap; Kony6apa; benn
Hpum; Bapmap; Ctpyma) Be3anu 3a kpaj mposehHor meproaa (Maj-cpeinHa jyHa), IITo
OJroBapa MECEYHHM M JHEBHHUM MaKCHMyMHMa Ha BEhMHH KHIIOMEpPHHX CTaHHIA Y
Cp6uju. CexyHIapHH MaKCUMYMH (DpEKBEHIIVja Be3aHU Cy 3a Kpaj 3ume (pedpyap-mpBa
MOJIOBMHA MapTa), a jaBJbajy c€ Kao IOCIeAWIa KHUIla, WIH y KOMOMHALIMjU ca
oramameM cHera. [lojaBa amcomyTHHX MakcuMyMma mnpoTumaja Qu., OAroBapa
nepuoaiuMa M3pakeHuX (peKBeHIMja, Maja Cce jaBjba)y M ATHIUYHH [PUMEPH,
OJIHOCHO, II0jaBa alCOJ[yTHO MAaKCHMAaJHOI HPOTHIaja y IEpPUOAY HarjalleHO Maje
Yy4YECTaNIOCTH;

O V cwiaay ca yoYyeHMM OCOOMHaMa BEJIMKHMX BoJa Ha OyjUYHMM CIMBOBMUMA (Haria
1ojaBa, JECTPYKTUBHOCT, KpPaTKO BpEME Tpajama, CE30HAIHOCT) IOTPeOHO je
JIETEPMHUHNCATH 30HE BUCOKOT PH3HMKA M (DOPMHUPATH CHUCTEM 33 PAHO YIIO30PEIHE;

O Ilopex HempouemHMBOI 3Hauaja IojaTaka M3 CTajHe ocMmarpadke Mpexe PXM3C,
HEOITXOHO j& aKypUpaTH IOAATKE KOjU Ce OJHOCE Ha aHANN3y OyjHYHHUX MOIUTaBHUX
Tajaca, ca KaracTpoalHUM IMOCIEAWIiaMa, II0CEOHO Ha MamHM, HEU3YYCHUM
cimBoBUMa. PekoHcTpykiMja OyjHYHMX MOIUIaBa HA OCHOBY METOJE "XUIpayIHIKUX
TparoBa BeJIHMKUX Boja”, oTBapa MoryhHocT opMupama aparoreHe 6ase noaaraxa.
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Tabesa 2: Cniucak MepHHX CTAHHLA

[podui Peka A [km’]
cauB Koay6ape

1 | 3eoke Iemran 125.4

2 | KonesseBo Tamuasa 208

3[V6 Yo 214

4 | borosaha Jbur 697

5 | CnoBan Kouny6apa 995

6 | BasbeBo Kony6apa 340

7 | Herypuh I'panan 159

8 | JynkoBaig Typuja 139

9 | beno Ilosse O6Huna 185.6
10 | Cennape JabnaHuua 140
11 | Mamrpuh Pubnuna 104
12 | Cty6opoBHHI Jabnanuna 106.7

ciauB JIpuHe
13 | 3aBnaka Janap 313
14 | Yenoso Bamna 501
15 | bucrpuna Buctpuna 80
16 | Ilpujenosse MuneueBka 155
17 | Lipuu P3aB Bappaumre 509
cauB 3anagHe Mopase
18 | Ipesbuna YemepHuna 624
19 | llenross ‘bBeruma 550
20 | Vxnuxa IToxera Ckpamnex 660
21 | buoJbe Pacuna 958
22 | Tynauku Hanep I'pyxa 318
23 | Apube Benuku P3as 564
24 | Apuse Mopasuua 832
25 | Cranapu ‘Deruma 332
26 | Pore Benuku P3aB 432
27 | I'yua Bjenna 239
28 | IIpujeBop Kamenuna 201
29 | bphaunu Jlu4yuHa 209
30 | MBamuua Mopasuua 482
31 | bopau Bopauka 31.5
32 | Kocjepuh Ckpanex 166
33 | CraHuumMHIM 3arpxa 16.3
34 | Bpyc Pacuna
35 | Kanenuh I'pagma
caus Beqaor Ipuma

36 | Mupyuia Mupya 126.5
37 | KpyuieBo Pecrennuka 52
38 | Mnuke Bponcka 75.3
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39 | deuane Jevancka bucrpuna 114
40 | [pesse Iehka Buctpuna 120
41 | ITpuspen IIpuspencka buctpuua 158
42 | Ophyma IInaBcka 252
43 | BepkoBo Hcrouka 432
44 | BakoBuua Epenuk 455
cauB Beiinke Mopagse

45 | Cmenepencka [Tananka Jacenuma 496
46 | Cmenepescka [TanaHka KyO6pmanna

47 | CBunajnan Pecasa 681
48 | batounHa Jlenenuna 518
49 | hynpuja PaBanuna 161
50 | ITapahun Ipuuna 289
51 | Jaroguna Benuua 193
52 | 'opwa KomopHu1a Ocannua 34.4
53 | I'pbune Vrpemnnna 59.1
54 | Opanje Kanennhxa 121.6
55 | dynene Jynenka 23.6
56 | huhesan JoBaHOBayKa 235
57 | Kanenuh [pagma 27
58 | Homwa lllaropma Jacenuia 83.6
59 | BaBuio PaBanwnia 10
60 | MaHnacuja Pecasa

61 | benuna Benuua 51.5

cauB Jy:xxHe Mopage

62 | Homwe Kopmujane Jy:xna Mopasa 1017
63 | IlykoBan Ilycra 571
64 | XKyukoaig Mopasuna 394
65 | MpTBHHE T"abepcka 232
66 | Panukune bape KytuHcka 205
67 | JIcbane JaGnanuna 713
68 | Crannueme Temcka 818
69 | AumutpoBrpan Humasa 482
70 | BnacoTunie Bnacuna 972
71 | CBohe Jly>xHuna 318
72 | Cohe Bnacuna 350
73 | T'opwa Tomonuma Tononuyka 202
74 | BpajuheBu Bucounna 227
75 | Bucoka Kocanuna 370
76 | Ilenemenarr Tomnuna 986
77 | Kypurymmuja Bamcka 154
78 | Homwa CenoBa Tommna 376
79 | CtpazumMupoBIH Jepma 95
80 | Tpucku OnopoBiM Jepma 557
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81 | CykoBo Jepma 795
82 | U3aroBarg Bucounna 156
83 | Kocoscka Butuna bunauka Mopasa 111.2
84 | Cujepuncka bama Jabnanuna 95
85 | JleckoBalg Berepuuna 500
86 | 'opwu bpecToBalr Ilycra 109.3
87 | Tynmanoue Kozapcka 98.1
88 | Maroso Tomnuma 180.5
89 | Mephes JlykoBcka 112.6
90 | Bucouka Paxana Bucounna 403
91 | IMaknemruna Bucounna 458
92 | Bpamcka bawa Bamcka 108.3
cauB JlyHaBa
93 | Kyna BurosHuna 243
94 | Pamanarg Miasa 1063
95 | 'opmwaxk Mnasa 656
96 | Lipnajka IIpHajka 78
97 | Ky4eBo Tlex 849.5
98 | Llpnajka IpHajka 78
99 | Tononuuma Tlopeuxa 455
100 | Kmaxenaig Bemu Tumok 1268
101 | I'piumire I'pnumka 185
102 | Itp6an Tprosuuku Tumok 372
103 | 3noT 3noTcka 210
104 | Mokpamwa CukoJbCcKa 114
105 | BoroBuna Ipuu Tumok 467
106 | Promre Capspumku TuMok 618
cauB Case
107 | Houepcku Metkosuh Hdymaua 26.8
108 | Bykomuh HoGpaga 121.5
ciauB Ctpyme
109 | Pubapuu BpankoBauka 160
110 | Bocunerpan Jbybarcka 196.6
111 | Bocunerpazn Boxxuuka 213
112 | Pubapuu [paroBuintuna 687.5
cauB Bapaapa
113 | Kayanuk Hepoanmka 214
114 | Bpox Jlenenaig 241
115 | Bap6aue Tunmwa 468
cauB Uopa
116 | deBuhu Crynennna 191.4
117 | BoryroBaig JlonatHuma 115.8
118 | busbaHoBalg Jowmanuna 263
119 | Pamka Pamxa 1036
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120 | I'Bo3mang I'Bo3nauka 324
121 | Kamenuna Cokospa 27
122 | Pubnuna Pubnuma 102
123 | Barpare Hobap 703
124 | Minanya Crynenuna 310
125 | Yrhe Crynenuna 540
126 | Jlyxane JIab 694
127 | lpenuna Jpenuna 326.3
128 | Hosu I1a3zap Pamka 472
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CHARACTERISTICS OF MAXIMAL DISCHARGES
ON TOORENTIAL WATERSHEDS IN SERBIA

Abstract: Torrential floods are the most frequent phenomenon in the arsenal of “natural risks“, in Serbia (droughts,
avalanches, landslides, rockslides, hail, forest fires, storm wind and earthquakes). Regime of occurrence of floods
was studied on the basis of investigations carried out on 128 control profiles, on all important river systems in
Serbia, south from Sava and Danube. Frequency of event of maximal discharge Quax, over determined threshold,
defined as average maximal discharge Quaxs, Was analyzed. The primary maximum of frequencies was noticed in
the period May-June, and the secondary maximum of frequencies in the period February-March. The absolute
maximal discharges Qnax, registered on certain profiles follow the periods with the most expressed frequencies, but
there are also significant exceptions. A few equations have been derived, which point out close relations between
average maximal discharge Qpuxs,» magnitude of the catchment area A, average annual discharge Qs and the
absolute maximal discharge Qmaxa [Qmaxs=f(A); Qmaxs=f(Qsr); Qmaxs=f(A, Qsr); Qmaxa=T(Qmaxsr)]. Historical cases of
maximal discharges, reconstructed on the basis of ,,hydraulics flood traces” are presented.

Key words: mean maximal discharge, frequency, absolute maximal discharge, specific discharge of maximal
ordinate of unit hydrograph, reconstructed discharge.

Introduction

Torrential floods are the most frequent phenomenon in the arsenal of “natural risks”
(droughts, avalanches, landslides, rockslides, hail, forest fires, storm wind and earthquakes),
in Serbia. Frequency of event, intensity and diffusion, in the whole territory, make them as
permanent threat with consequences in ecology, economic and social sphere. Climate,
specific characteristics of relief, distinctions of soil and vegetation cover, social-economic
conditions have done that the occurrence of torrential flood waves is one of the resulting
forms of existing erosion processes. Characteristic are torrential floods on the watersheds of
main tributaries of: Kolubara, June 1996.; Velika Morava, July 1999.; Kolubara and Drina,
June 2001.; Juzna Morava, November 2007.; Zapadna Morava, Drina and Lim, November
20009.

Torrential flood represents sudden appearance of maximal discharge in river bed
with high concentration of hard phase (Risti¢, R.; 2000.). In extreme cases, two-phase fluid
flows out from the torrent bed, with enormous destructive energy. Two-phase fluid could
content fractions (60% of total volume) of different granulations: from particles of clay to
rocks, with diameter of 5.0m, mass over 200 tons (Jevti¢, Lj., 1978.). Torrential watershed
is hydrographic entity with river beds of main stream and tributaries, and gravitating
surfaces with erosion processes on certain level of intensity. Attribute “torrential” belongs
to any watershed with sudden appearance of maximal discharge with high concentration of
hard phase, regardless on magnitude and category of stream. Torrential flood waves are
one of the extreme forms of excessive erosion.

Studying of characteristics of maximal discharges on torrential watersheds has
theoretical and practical value. Analysis of internal-yearly distribution of maximal discharge
helps to notice critical parts of the year (periods with expressive frequency of maximal
discharge Qy.x; months characteristic by appearance of absolute maximum Qy,x,). It is very
important for different services: State Owned Company “Serbiawaters”; Department for
Hydrology, service for flood forecast-RHMOS (Republic Hydrometeorologcal Office of
Serbia); municipal authorities (flood protection; water supply; evacuation of waste water);
Republic Directory for Waters-Department for flood defense (Ministry of Agriculture,
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Forestry and Water resources management); agriculture (irrigation and drainage); energetic
(balance of water in reservoirs for Hydropower Plants); services for control of water quality
(Regional Institutes for Health Protection; RHMO-Department for Environment Protection
Control, service for water control quality).

Materials and methods

Characteristics of maximal discharge on torrential watersheds were studied by datum
processing, from 128 control profiles (equipped by automatic water-level recorders), located
at all important river system in Serbia. Observing system was under supervision of RHMOS.

Study area comprises territory of Serbia southern from Sava and Danube (66873
kmz), on the watersheds of: Velika Morava; Juzna Morava; Zapadna Morava; Ibar;
Kolubara; Drina; Beli Drim; Vardar; Struma and direct right tributaries of Sava and Danube
(figure 1). Range of magnitudes of investigated watersheds amounts from A=52 km? to
A=1268 km’. Regime of occurrence of maximal discharges was analyzed by datum
processing from 102 control profiles and unit hydrographs were derived from 93 control
profiles. Registered maximal discharges were consequence of fast, surface runoff generated
in next ways:

v’ appearance of intensive rain, short duration; less intensive, long duration rain;
v' snow melting;
v coincidence of rain and snow melting.

Figure 1. Study area: territory of Serbia southern from Sava and Danube

Torrential floods in Serbia could be caused on all mentioned ways, but it is possible
to notice dominant way on certain watersheds. Frequency of maximal discharge Q. (for
individual months), over referential threshold (average maximal discharge Q.xs), for all
years of observations (closed with 2007.) was analyzed in this paper. Average maximal
discharge Qp.xsr Was determined as mean value, for recorded maximal discharges Qayi, for
all years of observations N:

Qmax i

— |
Qmaxsr - N

N
=1

.- yearly maximal discharge (m>s™
Qpaxi - yearly g

Average maximal discharge Q. for each control profile, was determined on the
basis of processing datum of 25 years of observation, at least N > 25 . Accepted criteria is
prerequisite, for usage GEV (General theory of extremes, which includes: Gumbel
distribution and three parameters distribution) and Pearson III distributions (IWEM, 1987.).
According to this analysis, appearance of maximal discharges on torrential watersheds had
seasonal character, in other words, frequency was more expressed in certain parts of the
year. Absolute maximal discharge Qu... could be caused by worm, spring rains which
influence on snow melting, but the most expressive frequency was consequence of summer
stormy rains.
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Specific discharges of maximal ordinate of unit hydrograph were determined on the
basis of processing datum from 93 control profiles. Historical cases of maximal discharges,
reconstructed on the basis of ,,hydraulics flood traces” are presented.

Results of investigation

Frequencies of maximal discharges Qaxc>Qmaxsr» On Velika Morava watershed, were
the most expressed in spring months (May-the beginning of June) and at the end of winter
(first half of March). Monthly maximums of discharge follow periods with the most
expressed frequencies, but sometimes absolute maximum of discharge Qu.x. occurs in
month with low frequency (profile Orasje on Kaleni¢ river; profile Majur on Lugomir river).
Absolute maximums of discharge Q... Were recorded in May and June at three control
profiles, in February at two profiles.

Frequencies of maximal discharges Quma>Qumaxsr» On JuZzna Morava watershed, were
the most expressed at the end of spring (first half of June) and at the beginning of summer
(last decade of June-the beginning of July). Monthly maximums of discharge follow periods
with the most expressed frequencies (profile Svodje on Luznica river), but there are
significant exceptions on Toplica (profile Meréez on Lukovska river; profile KurSumlija on
Banjska river; profile Donja Selova on Toplica river) and Pusta river (profile Pukovac on
Pusta river) sub watersheds. Absolute maximums of discharge Q.x, Were recorded in June
and July at eight control profiles, in February at four, in November at three, April and May
at two, in January at one profile.

Frequencies of maximal discharges Quac>Qmaxs, O Zapadna Morava watershed,
were the most expressed at spring period (May-the middle of June) and in the autumn
(November). Monthly maximums of discharge follow periods with the most expressed
frequencies, except profile Brdjani on river Di¢ina. Absolute maximums of discharge Qax,
were recorded in May at eight control profiles, in November at three, in August at one
profile.

: 500
[m3.s-1]
C—JFrequency
X -x-- Qmax>Q Profile: Majur T 450
| max>1maxsr Reka: Lugomir
A=427 km® T 400
N=25
24 Quaxsr=80.68 m*s™ 1 350
Qaxa=431.0 m*s™
1 300
M 1 250
X
1 200
1
2 + 150
¥4
X 1 100
1 50
0 : : : | ; ; ; ; ‘ ‘ ‘ 0
1 1 1] Y v vi il Vil X X Xi Xl

Figure 2. Frequency of Quuax>Qmaxsr (Majur-Lugomir)

Frequencies of maximal discharges Qp.>Qumaxs> On Ibar watershed, were the most
expressed in spring period (May-the middle of June) and in winter period (February).
Monthly maximums of discharge follow periods with the most expressed frequencies but
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there are significant deviations at some profiles. Absolute maximums on Studenica river
(May) follow the periods with the most expressed frequencies (profiles Mlanca and Usce),
but on the river Raska watershed absolute maximums Q... appear in May (profile Novi
Pazar) and November (profile Raska), and frequencies are the most expressed in February.
Absolute maximal discharges Q.xa Were recorded in November at five profiles, in May at
four, in June and July at one profile.

Frequencies of maximal discharges Quaxc>Qmaxs; 0N Kolubara watershed, were the
most expressed during spring period (May-the middle of June) and in winter period
(February-the middle of March). Monthly maximums of discharge follow periods with the
most expressed frequencies. Absolute maximal discharges Qp.x, Were recorded in May at
four profiles, in June at three profiles, in July and February at one profile.

Frequencies of maximal discharges Qa>Qmaxsr; O Drina watershed, were the most
expressed during autumn-winter period (November, December, February) and in spring
(April-first half of June). Monthly maximums of discharge follow periods with the most
expressed frequencies except significant deviation at profile Vardiste on Crni Rzav river.

Absolute maximal discharges Q.xa Were recorded in November at two profiles, in
April, May and July at one profile.

Frequencies of maximal discharges Quax>Qmaxss, On Dunav  watershed (sub
watersheds of Timok river and direct, right tributaries) were the most expressed at the end of
winter and the beginning of spring (March-April). Monthly maximums of discharge follow
periods with the most expressed frequencies. Absolute maximal discharges Q.. Were
recorded in June at four profiles, in March at three profiles, in February, April, May, July
and August at one profile.

Frequencies of maximal discharges Quax>Qmaxs; 00 Beli Drim watershed, were the
most expressed during spring (May). Monthly maximums of discharge follow periods with
the most expressed frequencies, except two cases (profile KruSevo on Restelicka river;
profile Mlike at Brodska river). Absolute maximal discharges Qu.x, were recorded in
November at seven profiles and in October at one profile.

Frequencies of maximal discharges Qax>Qumaxsr» On Vardar watershed, were the most
expressed during spring (May-the middle of June) and winter (January-February). Monthly
maximums of discharge follow periods with the most expressed frequencies, except
significant deviation at profile Brod on Lepenica river. Absolute maximal discharges Quaxa
were recorded during May, June and November at one profile.
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Figure 3. Frequency of Qua>Qmaxsr (SVodje-LuZnica)
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Frequencies of maximal discharges Qumac>Qmaxs» ON Struma watershed were the most
expressed during spring period (April-first half of June). Monthly maximums of discharge
follow periods with the most expressed frequencies, except deviation at profile Bosilegrad
on Bozicka river. Absolute maximal discharges Q.. Were recorded in June at three profiles
and in September at one profile.

Diagrams which represent frequency of maximal discharge Qn.x over determined
threshold Qpaxs (Qmax>Qmaxsr) are very illustrative for yearly distribution of maximal
discharge, and its extreme values. Each diagram contains: names of the profile and river;
magnitude of watershed A; number of years of observation N; average maximal discharge
Qmaxsr; absolute maximal discharge Qax, (figures 2, 3).

Dominant physical-geographic (magnitude, A) and hydrological characteristics
(mean annual discharge, Q) of the watersheds are in close relation to average maximal
discharge Qs (figures 4 and 5).

0.669
Qmaxsr = A
Qmax st — 21.60- eo.Zonsr

Diagram (figure 4) represents relative homogeneous field of points, except extreme
maximum on profile Djakovica at Erenik river (sub watershed of Beli Drim river).
Diagram (figure 5) represents relative homogeneous field of points, except high values at
profiles Uzicka PoZega on Skrapez river (sub watershed of Zapadna Morava river), Vardiste
on Crni Rzav river (sub watershed of Drina river), and low value at profile Stanicenje on
river Temska (sub watershed of Juzna Morava river).

Relation which includes influence of A and Qy, simultaneously, has been derived
(coefficient of multiple correlations R=0.824):

Qg = 4461 A%P1.Qu"*
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Figure 4. Relation Qpax=f(A)

Relation between absolute maximal discharge Qp.x, and average maximal discharge
Qmaxsr 18 represented by power function (figure 6):
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Qmaxa =3.143- Qmaxsr1<031

Diagram (figure 6) represents relative homogeneous field of points, except extreme
value at profile Svodje on Vlasina river (sub watershed of Juzna Morava river).
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Figure 5. Relation Qnay—=f(Qs)
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Figure 6. Relation Qmaxa=f(Qmaxsr)
Specific discharge of maximal ordinate of unit hydrograph

Specific discharges of maximal ordinates of unit hydrographs (qsma.x) Were determined on the
basis of processing of unit hydrographs from 93 control profiles.
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— qmax
quax A

0, (Is"mm™) — maximal ordinate of unit hydrograph

A (km?) — magnitude of watershed
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Figure 7. Specific discharges of maximal ordinate of unit hidrograph
(1-Sedlare-Jablanica; 2-Vlasotince-Vlasina)

Characteristic maximal values were recorded at profiles Sedlare (A=140 km?) on
river Jablanica (sub watershed of Kolubara river), with qgpna=178 Is"km?*mm™”, and
Vlasotince (A=972 km?) on river Vlasina (sub watershed of Juzna Morava river) with
Jsmax=93.0 I'stkm?mm™. Diagram (figure 7) represents that very low values of qgn. Were
recorded on watersheds A<100 km”. Sufficient number of extreme events was not recorded
as a consequence of lack of control profiles and short periods of observation. It means that is
necessary to establish representative measuring system at small watersheds A<100 km”.

Historical cases of torrential floods appearance

Some interesting cases of historic torrential floods are presented in table 1, with main
characteristics. Specific maximal discharges are presented on diagram (figure 8). Common
characteristics of presented cases are: steepness of river beds, with absolute slope [,=5.74-
13.45%; huge parts of the watersheds under bare lands, degraded forests and agricultural
land; shallow, skeletal soil with small infiltration-retention capacity; excessive erosion
processes; short duration of rain events, 90-180 minutes, with intensities from 1=0.75-1.17
mmmin” (750-1170 m*km™). Consequence was the sudden appearance of torrential floods,
high content of hard phase and strong destructivity.

The highest value of specific maximal discharge Qqgpma=4.02 m*skm™? (in
monitoring system RHMOS, 1997.), was registered 13" June 1996. godine on river Ribnica
(profile Pastri¢, A=104 km?, total discharge Q.x=418.08 m3‘s'1). Same day, on river
Manastirica (sub watershed of Ribnica river, A=29.5 km®) occured catastrophic maximal
discharge Qua.=154.9 m*s”, with specific maximal discharge qgpmax=5.25 m*s"km?, which
almost destroyed center of village Brezde. Discharge was reconstructed by method
,hydraulics flood traces” (Risti¢, R., et al, 1997.), later checked with hydraulics-
hydrological model HEC-RAS. Stormy rain, duration of 180 minutes, with total
precipitation of 135 mm, caused torrential flood.
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Table 1. Main characteristics of reconstructed torrential floods

Water course Profile Date of | Magnitude Qumax Qmaxsp Duration/
appearance A [km?] [m’s” [m*s"km?] | intensity
Ribnica Pastri¢ 13.06.1996. 104 418.08 4.02 180min;
0.75mmmin.”
Manastirica Brezde 13.06.1996. 29.5 154.9 5.25 180min;
0.75mm'min.”
Sejanicka reka Grdelica 02.07.1983. 12.51 62.75 5.02 90min;
1.0lmm'min.”
Lestarska dolina | Vladi¢in 25.07.1982. 2.64 16.16 6.12 90min;
Han 1.17mm'min.”
Kalimanska reka | Vladi¢in Leto 1929 16.04 149.0 9.3 /
Han
Timjanicka reka | Negotino 1995 17.80 220.0 12.36 165min;
1.06mm'min.”

Maximal discharge Q,x=62.75 m>s! (Qspmax=5.02 m’ ‘s'l‘km'z) was registered on
Sejanicka river (profile Grdelica, A=12.51 km?; sub watershed of Juzna Morava river), nd
of July, 1983. Water out flowed from river regulation (designed for Qpax(124=53.0 rn3's'1) and
flooded center of Grdelica city (Kostadinov, S., et al, 1992.), after stormy rain with 91 mm
of total precipitation.

Maximal discharge Quu=16.16 m’s’ (Qspmax=6.12 m’s"km?) appeared on
Ljestarska dolina stream (temporary flow, in proximity of Vladi¢in Han city, A=2.64 km®,
sub watershed of Juzna Morava river; experimental watershed of Forestry Faculty, Belgrade
University), 25% of July, 1982. (Kostadinov, S., 1988.), after stormy rain with 105 mm of
total precipitation.

Maximal discharge Qu.x=149.0 m>s! (Qspmax=9.3 m3‘s'1‘km'2) appeared on

Kalimanska river (in the centre of Vladi¢in Han city inflows in Juzna Morava river,
A=16.04 km?). Two phase fluid out flowed from regulated river bed and flooded the centre
of city , in the summer 1929., after stormy rain (Water Resources Management Company
“Erosion”, 1970.),
Maximal discharge Qua=220.0 m®s’ (Qspmax=  qsp=12.36 m*s'km?) appeared on
Timjani¢ka river (city of Negotino, in neighbouring Macedonia, A=17.80 km?), in the
summer 1995. (Blinkov, 1., et al, 2002.), after stormy rain with 175 mm of total
precipitation. Two phase fluid out flowed form regulated river bed and flooded the centre of
city.
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Figure 8. Specifiic maximal discharges for extreme torrential floods
(1-Ljestarska dolina; 2-Timjanic¢ka reka; 3-Kalimanska reka;
4-Sejanicka reka; 5-Manastirica; 6-Ribnica)
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Discussion

Analysis of frequency of maximal discharges, over referential threshold (which was
defined as average maximal discharge Qpays:), points out that critical periods are the end of
spring (May-first half of June) and the end of winter (February-first half of March). Period
May-first half of June was signed as primary maximum on most of the watersheds (Velika
Morava; Juzna Morava; Zapadna Morava; Ibar; Kolubara; Beli Drim; Vardar; Struma). High
water levels in this period were the products of intensive rains, with duration of a few hours.

Daily and monthly maximums of precipitation were recorded in the period May-
June, at almost all rain-gauge stations in Serbia. Period February-first half of March was
signed as secondary maximum. Penetrations of warm-air masses which caused
precipitations were often in this part of year. Also, sudden rises of air-temperature, with
snow-melting were characteristic on south and west expositions.

Absolute maximal values of discharge Qp.x, Were recorded in periods of expressive
frequency, on most of the profiles. But, values of Q... were recorded in periods of
expressive low frequencies at some profiles, as a consequence of specific climate and
hydrological conditions: sudden rise of air temperature during winter period caused snow
melting, and often coincided with long duration, low intensity rain; appearance of snow
precipitation at the end of winter which follows sudden rise of air temperature and fast
melting; appearance a few sequentially rain events during summer cause reduction of
infiltration and retention capacity of soil.

Equations which define relations between average maximal discharge Qpaxsr,
magnitude of the catchment area A, mean annual discharge Qg and absolute maximal
diSCharge Qmaxa [Qmaxsr:f(A); Qmaxsr:f(er); Qmaxsr:f(Aa er); Qmaxa:f(Qmaxsr)]a confirm
expected level of dependence between mentioned parameters. Relations has been derived by
processing datum from observing system RHMOS. Extending of observing system,
especially on small watersheds (A<100 km?), longer periods of observation, improvement
and better equipment, lead to increasing of datum base and modifications of related values.

Torrential floods, as the most frequent phenomenon in the arsenal of “natural risks”,
in Serbia, need serious treatment, through next activities:

- identification of risk (flood) zones (whole watersheds or certain river sections);

- monitoring in real time (water level in river bed; amount of precipitation), forecast and
warning system;

- short term protection;

- long term protection;

- land use;

- risk management;

- public education and media.

Short term protection comprises all measures that can be realized relative fast (from
one month to one year): administrative ban for building in flood zone; maintaining of
regulated and natural river beds; ban on clear cutting of forest on extremely steep slopes.

Long term protection comprises: forming of reservoirs and retentions for reception of
flood waves; dislocation of residential and infrastructure objects from risk zones; erosion
control management of watersheds; river training works in torrent beds. Risk of fast surface
runoff could be significantly decreased by land use changes, in order to reduce erosive
material production and meliorate soil infiltration and retention capacity: afforestation,
melioration of meadows and pastures, contour farming and terracing. Defined risk zones and
noticed seasonality of torrential flood waves help forming of warning system in real time
(Risti¢, R. et al., 2000.) in order to decrease damages and protect local dwellers.
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Specific conditions for maximal discharge forming, on hilly-mountain watersheds

(steep slopes of terrain and river bed, fast concentration of runoff, transport of huge
quantities of sediment) need carefully attitude for maximal discharge calculation, as a basic
data for designing protection structures in torrential beds. Hydrologic practice in Serbia uses
control model (for calculated values of maximal discharge) known as “curves of specific
maximal discharges” for watersheds A=10-100.000 km? (Jankovi¢, D.; Malosevi¢, D.,
1989.). But interval for watersheds A<10 km? was not defined, because of lack of control
profiles in RHMOS observing system. Curves of specific maximal discharges (figure 8), for
interval A=1-10 km®, were created by graphic interpolation, what is not reliable method. It is
much better to define A=1-10 km® by data collecting for reconstructed torrential floods by
method ,,hydrolics flod traces®.

Conclusions

Torrential floods are the most frequent phenomenon in the arsenal of “natural risks”
(droughts, avalanches, landslides, rockslides, hail, forest fires, storm wind and
earthquakes), in Serbia. Frequency of event, intensity and diffusion, in the whole
territory, are consequences of dominant climate conditions and specific
characteristics of local terrain. Negative aspects of human activities significantly
increase destructivity of torrential floods;

Analysis of frequency of maximal discharges defined critical periods: the end of
spring (May-first half of June) and the end of winter (February-first half of March).
Period May-first half of June was signed as primary maximum on most of the
watersheds (Velika Morava; Juzna Morava; Zapadna Morava; Ibar; Kolubara; Beli
Drim; Vardar; Struma), what corresponds to monthly and daily maximums of
precipitation on the most of rain gauges. Period February-first half of March was
signed as secondary maximum, as a consequence of warm air masses penetrations
which cause precipitations, often in this part of year. Also, sudden rises of air-
temperature, with snow-melting were characteristic on south and west expositions.
Appearance of rain and snow-melting were often coincidental, which caused
forming of intensive surface runoff and appearance of torrential flood waves.
Absolute maximal discharges Qpmax, correspond to periods of most expressive
frequencies of discharge, with a few deviations;

It is important to define high risk zones and establish system for early warning with
regard to characteristics of torrential flood waves: sudden appearance, destructivity,
short duration, seasonality;

Datum derived from reconstruction of torrential flood waves represents precious
source for estimating possible natural incidents.

Table 2: List of control profiles

Profile River A [km?]
Kolubara watershed
1 | Zeoke Pestan 125.4
2 | Koceljevo Tamnava 208
3| Ub Ub 214
4 | Bogovada Ljig 697
5 | Slovac Kolubara 995
6 | Valjevo Kolubara 340
7 | Degurié¢ Gradac 159
8 | Junkovac Turija 139
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9 | Belo Polje Obnica 185.6
10 | Sedlare Jablanica 140
11 | Pastri¢ Ribnica 104
12 | Stuborovni Jablanica 106.7

Drina watershed
13 | Zavlaka Jadar 313
14 | Cedovo Vapa 501
15 | Bistrica Bistrica 80
16 | Prijepolje Milesevka 155
17 | Crni Rzav Vardiste 509
Zapadna Morava watershed
18 | Preljina Cemernica 624
19 | Sengolj Petinja 550
20 | Uzicka Pozega Skrapez 660
21 | Bivolje Rasina 958
22 | Tucacki Naper Gruza 318
23 | Arilje Veliki Rzav 564
24 | Arilje Moravica 832
25 | Stapari Petinja 332
26 | Roge Veliki Rzav 432
27 | Guca Bjelica 239
28 | Prijevor Kamenica 201
29 | Brdani Dicina 209
30 | Ivanjica Moravica 482
31 [ Boraé¢ Boracka 31.5
32 | Kosjeri¢ Skrapez 166
33 | StaniSinci Zagrza 16.3
34 | Brus Rasina
35 [ Kaleni¢ Gradnja
Beli Drim watershed
36 | Mirusa Mirusa 126.5
37 | Krusevo Restelicka 52
38 | Mlike Brodska 753
39 | Decane Decanska Bistrica 114
40 | Drelje Pecka Bistrica 120
41 | Prizren Prizrenska Bistrica 158
42 | Oréusa Plavska 252
43 | Berkovo Istocka 432
44 | Pakovica Erenik 455
Velika Morava watershed
45 | Smederevska Palanka Jasenica 496
46 | Smederevska Palanka Kubr$nica
47 | Svilajnac Resava 681
48 | BatoCina Lepenica 518




188

49 | Cuprija Ravanica 161
50 | Para¢in Crnica 289
51 | Jagodina Belica 193
52 | Gornja Komornica Osanica 344
53 | Grbice Ugljesnica 59.1
54 | Orasje Kaleni¢ka 121.6
55 | Dulene Dulenka 23.6
56 | Cicevac Jovanovacka 235
57 | Kaleni¢ Gradnja 27
58 | Donja Satornja Jasenica 83.6
59 | Vavilo Ravanica 10
60 | Manasija Resava

61 | Belica Belica 51.5

JuZna Morava watershed

62 | Donje Kormijane Juzna Morava 1017
63 | Pukovac Pusta 571
64 | Zugkovac Moravica 394
65 | Mrtvine Gaberska 232
66 | Radikine Bare Kutinska 205
67 | Lebane Jablanica 713
68 | Stanicenje Temska 818
69 | Dimitrovgrad NiSava 482
70 | Vlasotince Vlasina 972
71 | Svode Luznica 318
72 | Svode Vlasina 350
73 | Gornja Toponica Toponicka 202
74 | Braji¢evci Visocica 227
75 | Visoka Kosanica 370
76 | Pepeljevac Toplica 986
77 | KurSumlija Banjska 154
78 | Donja Selova Toplica 376
79 | Strazimirovci Jerma 95
80 | Trnski Odorovci Jerma 557
81 | Sukovo Jerma 795
82 | Izatovac Visocica 156
83 | Kosovska Vitina Binacka Morava 111.2
84 | Sijerinska Banja Jablanica 95
85 | Leskovac Veternica 500
86 | Gornji Brestovac Pusta 109.3
87 | Tupalovce Kozarska 98.1
88 | Magovo Toplica 180.5
89 | Mercez Lukovska 112.6
90 | Visocka Razana Visodica 403
91 | Paklestica Visocica 458
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92 | Vranjska Banja Banjska 108.3
Dunav watershed
93 | Kula Vitovnica 243
94 | RaSanac Mlava 1063
95 | Gornjak Mlava 656
96 | Crnajka Crnajka 78
97 | Kucevo Pek 849.5
98 | Crnajka Crnajka 78
99 | Topolnica Porecka 455
100 | Knjazevac Beli Timok 1268
101 | Grliste Grliska 185
102 | Strbac Trgoviski Timok 372
103 | Zlot Zlotska 210
104 | Mokranja Sikoljska 114
105 | Bogovina Crni Timok 467
106 | Rgoste Svrljiski Timok 618
Sava watershed
107 | Pocerski Metkovi¢ Dumaca 26.8
108 | Vukosié¢ Dobrava 121.5
Struma watershed
109 | Ribarci Brankovacka 160
110 | Bosilegrad Ljubatska 196.6
111 | Bosilegrad Bozicka 213
112 | Ribarci Dragovistica 687.5
Vardar watershed
113 | Kacanik Nerodimka 214
114 | Brod Lepenac 241
115 | Barbace Péinja 468
Ibar watershed
116 | Deviéi Studenica 1914
117 | Bogutovac Lopatnica 115.8
118 | Biljanovac JoSanica 263
119 | Raska Raska 1036
120 | Gvozdac Gvozdacka 324
121 | Kamenica Sokolja 27
122 | Ribnica Ribnica 102
123 | Batrage Ibar 703
124 | Mlanca Studenica 310
125 | Usce Studenica 540
126 | Luzane Lab 694
127 | Drenica Drenica 326.3
128 | Novi Pazar Raska 472
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	Увод
	Нагла појава велике воде у речном кориту, са високом концентрацијом чврсте фазе, назива се бујичном поплавом (Ристић, Р., 2000.). У екстремним случајевима долази до изливања двофазног флуида из корита, уз испољавање изузетног рушилачког дејства. Двофазни флуид садржи чврсте фракције различитих гранулација (од честица глине до громада пречника 5.0 m, масе преко 200 t), које заузимају и до 60% укупне запремине (Јевтић, Љ., 1978.). Бујични слив је хидрографска целина која обухвата корита главног тока и притока, као и њима гравитирајуће површине, на којима су присутни ерозиони процеси на одређеном стадијуму развоја. Атрибут (бујични( припада сваком сливу на коме се јављају нагли надоласци великих вода које су оптерећене високим садржајем наноса, без обзира на величину или категорију водотока. Бујични поплавни таласи су једна од екстремних форми у којој се испољавају процеси развијене ерозије. 
	Апсолутно максималне вредности протицаја Qmaxa на већини профила се јављају у периодима изражених учесталости. Међутим, на неким профилима апсолутно максималан протицај Qmaxa се јавља у периоду изражено мале учесталости, што је последица специфичних климатско-хидролошких услова: нагли раст температуре ваздуха током зиме што доводи до отапања снежних маса, а често коинцидира са кишама слабог интензитета, дужег трајања; појава снежних падавина крајем зиме, после чега следи нагли раст температуре ваздуха и брзо отапање; појава неколико узастопних кишних епизода током летњег периода, услед чега долази до засићења или значајне редукције инфилтрационо-ретенционог капацитета земљишта.  
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