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Pezume: Memooa nuxoea je Hayun aHanuze eKCMpPeMHUX XUOPOIOUWKUX 8PEOHOCHU KO-
Jum ce u3 panonoxicusux nooamaxa-xuopozpama 00adasu 00 0coOUHA Cmoxacmuyke
cmpykmype nojase. Ananuzupa ce Ouckpemua pacnooena 6poja jasmared seiuuune y 3a-
0amom UHmMepsaly epemeHd | u KOHMUHYAIHA pacnooena 8peOHOCHU GeluduHe npe-
KOpauerpa OA3HO2 NPOMOKA. Y 060Mm pady Kopucmu ce CImoxXacmudkyu MoOeil 3ad AHATU3Y
3anpemune npexopayera basHoz Npomoxa u odzosapajyhux mpajara yuxuyca uzmeny
npexopauersa. Moden je 3acnosan Ha npunyunuma npexuoHux npoyeca Maprosa u npe-
MROCMABKAMA O Npupoou QyHKyuja unmensumema npoyeca. Ananusupajy ce moeyhe
ouckpemne pacnoodene 6poja jasmbara KAo nocieouye uzadpanux o00auKa Qynxkyuja
BDEMEHCKO2 U 3ANPEeMUHCKOE UHmeH3umema npoyeca. Moodeiupa ce Henpekuona pacno-
dena GenunUHA NPeKopaiervbd, 3a OCHOGHe HU306¢ U azpezayuje (YOpyiIcusarna) uxosux
unanosa. /lama je popmynayuja osux pacnodena y yuxyuju pacnodene 6poja jasmvarea.
Hasoou ce uspasz 3a yukyujy pacnooeie MaxCuMaiHe peOHOCHU 3anpemMure npeKopa-
yera OA3HO2 NPOMOKA Y UHMEPSATY 8pemeHa t. Y3 mekcm ¢y oamu npumepu anaiuse
nooamaka ca xuopomempujcke cmanuye bezoan na /{ynasy.

Kwyune peuu: Memooa nuxosa, sanpemune npekopaiersa, CIoxXacmuyku Mooell.

1. YBOJ

Exctpemue xuaposolike mnojaee (IomJiaBe, Cylie) pe3yiaraT Cy MHOroOpojHuX u mehy-
coOHO ycnoBibeHUX yuHMIana. [la Ou ce o mux y OynyhHOCTH 3aIITUTHIIN, MEPOJaBHE
padyHCKe BPETHOCTH, H3paKeHe KPo3 MPOTOKE, 3alpeMUHE, Tpajarka Tajaca, yoOuajeHo
ce mo0ujajy Kpo3 aHanm3y BepoBaTHOhe TojaBe HA TOMUITHEM HHUBOY, METOJIOM TOIM-
MIFBLUX eKcTpeMa. MeTooM MUKOBa M3HA Tpara, OJIrOBOPH Ha MCTH IUTamka 00Hjajy ce
AHAIM30M CBUX €KCTPEMHHUX MPOTOKA BeNHX MM MambHX 0J1 H3a0paHor Ga3HOI' IPOTOKA.
VY pajny je mpukazaHa je TpHMeHa MeTOJe NMUKOBA 32 (GOpPMHUpPARhe MOJIENa 3alpeMHHA
peKkopadera npara/6asHor MpoToKa MpH TaJacuMa BETUKUX PEUHHUX BOAA.
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Obum mpenBuleH 3a pajl HE J03BOJHABA OIIIMPAH OMWC METOZAE MHKOBA M CIIyYajHUX
Tporieca XUApOJIOmKNX BennmunHa. Of omMahnx ayTopa MOdYeny Cy Be3aHM 32 pasioBe
Tomoposuhia [1,2] u 3enenxacuha [3]. Bykmuposuh [4] je mpoy4aBao KpeTame By4eHOT
Hanoca, kuimre Jecnorosuh [5], a mporoke [Tnasmmh [6]. Teopujcke ocHoBe 1 mpumepn
MoTy ce Hahu y nomahnM myOnmkarujama [7] u [8,9].

PagoBn Ha mpoydaBamy 3ampeMHHa TpeKkopavyema Kao CIy4dajHHX I[IpoIreca HHACY
yoOunuajern. MeTojonoryja nmprkazaHa y pany JAeo je JOKTOPCKE IucepTalyje HaBeIeHe
nox [10] rae ce Mmory Hahu pedepeHiie Ha pacoI0KUBY JINTEPATYPY.

2. MOJAEJI 3AITPEMHUHA ITPEKOPAYEIHA

OcHOBHA TIPETIIOCTABKA j€ Aa ce HH(OPMAIHje O CTOXACTHIKO] CTPYKTYPH TI0jaBe 3ampe-
MHPHA TIpeKopauerkha (Kao KapaKTepUCTUKE BETUKNAX BOZA) calpike y HIU30BUMA JTHEBHUX
nporoka. M3 Tux mHpOpMaImja u3Boje ce 3aKJbyUIl O BEpOBATHONY TI0jaBe 3allpeMIHA
MpeKkopayera, OWIIo 1a ce mocMaTpajy NojeJMHAYHO HITH Ha HEKH HAYWH YApYKEHE.

[IpBo ce neduHUIIE TPEKUIHN CITyYajHH IPOLEC MAKCUMAaTHE 3allpEMHUHE MTPEeKopaycHkha

(BunmeTn cnuky 1):
Xx(t) = xt = sup{X(t,),t >0}
ty <t (1

v=1,..,m

IIpexun je TpeHyTak ¢, Kajma je
OCTBapeHa yKyIHa IOjeJANHAYHA
3alpeMHHa MpeKopaueha, a Tpa-
jameM LUKIyca 7, HWHTEpBal
u3Melhy IBa cycemHa TNpekuza.
AKO ce BpIUE yIpyXKHBama 3a-
[I[peMHHa NpeKopayema (0 IBe,
TPpY WIM BHUIIE Y3aCTOIHHX)
IPEKHI je TPEHYTaK OCTBAapCHa
[OCIICAHE 3alPEMUHE Y TPYIIH.

3a ommc mporeca 3alpeMuHa

Q(t) - Qs

m?/s|

X(t) X, X, X3 - pikovi

m’ ty.ta, ts - prekidi i IIpEKOpayemha KOPHCTE Ce TMOCTYy-
1,72, 7y - ciklusi JaTH mporeca MapkoBa AUCKpe-

T X, THOT THma. ['oBope o mpekuauMa

'_ X \{‘ 110 BPEMCHY W II0 3ampeMHHaMa
r—= r Y Y Tanaca (IBa MMOCTyJaTra) U JIOBO-
0 7 t T2 2 ™ 3 ¢ 10 KJbYYHHX BEIHYMHA MPO-
Cnuxa 1. Jeona peanuzayuja cryuajroz npoyeca neca — (yHkimja uHTCH3UMTETA
MAKCUMATHUX 3anpemuna npexopayersa. Iope: mpoueca (BPEMCHCKOT A(4V) H
Xuopozpam npexopauersa 6aznoe npomoka. Jloze: sampemMuHCKor  &(x,n)). To cy

TpaHUYHE BPEAHOCTH BEPOBATHO-
he jaBipama jemHOT TpeKHaa y
BEOMa MAJIOM BPEMEHCKOM OJHO-
CHO 3aIpeMHHCKOM HMHTEPBAIy. YBOJAHU CE€ JIOTHYHA MPETHOCTaBKa O HE3aBUCHOCTH TIpe-
KHMJa 10 BpeMeHy M 1o 3ampeMuHH. Ommc mporeca je Tajga obmuka (2) ca HOYeTHUM
yenosumMa (3).

Hajeeha nojeduHauHa 3anpemuna nPeKopaierba
(cynpemym) 00 @pemenat .
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p,(t) = At,v—1)pp—1(t) = Xt, V) p(t), v>1
Po(t) = —A(£,0) po(t)

t=0 = p(0)=1,
t=0 = l0)=0, Yr=z1.

2
3)

Pagu pemaBama m3pasa (2) mpoydaBajy ce cieaehe 1ojaBe M HBUXOBH 3aKOHH BEpOBa-
tHOhE: (a) vV Opoj mpeKkuaa y ¢ MHTEPBALY BPEMEHA 1), ; U TUCKPETHH 3aK0H p.(f); (0) 7
Tpajame LUKIyca U3Mehy v IBa, TPU WM BUILE Y3aCTOIIHUX NPEKHUAA y BPEMEHY M 3aKOH
G(7); (1) n 6poj TpekuIa y X HTEpBAIUMa BPESIHOCTH 3allPpEMHUHE /4, M 3aKOH p,(x); ()
V' BpeJHOCTH 3allpeMHHE TpEeKOpaverha MpPU 7 jeJHOM, JIBAa WM BHIIEC MPEKUAA IO
3anpeMHHU 1 3aKoH H(x;). OCHOBHM HHM30BH Tpajama LHKIyca W 3allpeMHHA IpeKopa-
Yema 03HAYCHH Cy Ca 7 WIN 7 U X WIHU X, arperanyje mo ABa y3acTolHa WiaHa HH30Ba
ca T, U Xp, M Y3aCTOITHHUX  WIAHOBA ca 7; 0JIHOCHO X;. [Ipuka3ahe ce pemema ciuctema (2)
nocMmarpajyhu Tpajame HuKiIyca f; peuieme 3a Opoj jaBibama NPEKUAa MO BPEIHOCTH
3alpeMHHE je CKBUBAJICHTHO; CAMO C€ KOPHCTE APYTe O3HaKe.

2.1. AHAJIN3A BPOJA JABJbAILA ITPEKH/IA 11O BPEMEHY U
3AITPEMUHHA

Pememe cucrema (2), Tj. TUCKpeTHA pacmojena Opoja jaBibama MPEeKuaa MO0 BpeMEHY
p(1), 3aBucH of obnvka (GyHKIMje HHTEH3UTETa mporeca A(t,v). M3 uckycrsa y npume-
HU METOJI¢ TTUKOBA MPETIOCTaBIbajy ce obnmmm 3a A(f,v) kao y tabenu (1) koju moBojme
70 TpW AucKkpeTHe (ykiuje pacmoaene: OmHOMHe, [lyacoHOBe M HeraTnBHEe OMHOMHE.
[pBa nBa obnuka He 3aBUce 01 00ja jaBibama Vv, a y Jpyra JiBa Cy pa3iBOjeHH yTULAjU
BpeMeHa ¢ 0poja jaBiama v. Benmunna A(f) je WHTETpasl BpEMEHCKOT YNOHHUOIA (PYHK-

1Uje UHTEH3UTETA, Tj. A(f) = fé A(s) ds w Hama/be he ce KOPHCTHUTH Kao MpakTHYHA 3a-

MeHa (QYHKIIHje HHTeH3UTEeTa Koja je TeIIKO TUPEKTHO OCMOTPHBA.

Tabena 1: Obaux QyHxkyuje unmenzumema u OUCKPEMHU 3aKOH 6poja jasbara npekuod.

- dynkuuja JVCKPETHH 3aKOH Opoja jaBbama IpeKua S
MHTEH3UTETA po(t) = P{n=v}
A\atl? ITyaconoB ca
1 | T e Mot u KOHCTaHTHUM
0 — comst. v! apamMeTpoM
v ITyaconoB ca
2 A\t e_A(t) [A(f)] IIPOMEH/EUBUM
(t) V! apamMeTpoM
14 F(l/ -+ (1) —A(t VoAt
At (1 —) 1 — e~ A®)/a)” —A(t) HETaTUBHU
3 1A N a (v +1)(a) ( ) OMHOMHU
v I'b+1) v
4|2 (1- ) o0 (AOB 1) s
(t) b T+ DI(b+1—-0) ( ) UHOMHHU
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3a 6poj mpekuaa mo 3anpeMuHu (PYyHKIMja 3aIPEeMHHCKOT HMHTEH3WUTETa MMa O3HAKy
x(x,n), a y m3pazuma u3 tadene 1 A(f) Tpeba 3amenutm ca x(x), v ca n, A(f) ca

K(x) = [; x(s) ds , re je x 3anpeMHHCKH HHTEPBAJ y KOME Ce ocMarpa 6poj jaBibamba.

2.2 PACITIOAEJIA 3AITPEMUHA ITPEKOPAYEIHA

OyHKIMja paroaese 3alpeMuHa IIpeKopademha IpHu # Ipekna JeGuHuIIe ce ca

Helz) = P{ X < #} 4)
a leHa Be3a ca TMCKPETHOM PacIoieoM Opoja jaB/bamka 1 MPEKUIA M0 3aPEMHUHHY je
palz)=.PIX, <2} —P{X, 1 <z} (5)

W3 m3paza (5) (mpema [1], Bunetn u [4], [10]), modujajy ce 3a QyHKIH]Y pacmojiene »
Y3aCTOIMHHUX 3anpeMHHa npexopaqu)a OJTHOCHO TYCTHHY Pacloielie u3pasu

=1->""" Hn Pu(),  hp(x)=22(x,n—1) p,_1(x) (6)
3a pacnoneny 1oj eumnaqﬂmx npexopaqe}ba (3a n=1), u3 u3pasza (6) cienu,
Hilz)= e ke [0 s)ds (7

W3 m3paza (7) u HOCManajth n3pase 3a o6nm<e MUCKPETHE pacmofiene u3 tabene 1, 1o-
Ja3u ce 10 BeoMa BaXKHOT 3aKJbydKa — Jia pacriojielia 3alpeMuHa Mpekopaderma He 3aBH-
CH OJ1 THTIA IUCKPETHE pacmoierne Opoja npekuna. Uspasy 3a H, onropapa o0JHK HEKO-
JTUKO HeNpeKuAHNX QyHKIMja pacmoena. O IIOTOIHNX Cy 32 MOJIENIOBame H3abpaHe je-
JTHOIIApaMeTPCKa CKCIOHEHIMjalHa 1 aeonapameTpeke Bejoymosa u ITapeto ([10]). Ta-
KO ce JoJa3u u 10 Mozaena 3a K(x) ainu u k(x), nena GyHKIHMje 3aIPEeMUHCKOT UHTEH3HU-
TeTa Mmpolieca KOju 3aBUCH CaMO OJT 3alPEMHUHCKOT KOpaKa.

Tabena (2) mpukasuje obnmke H,(x) QyHKIHje pacmomerie # 3alpeMUHa IpeKopadcmha y
(YHKIIMj U TIPETTIOCTAaBIEEHOT 00HMKa (PyHKITHje 3apeMUHCKOT HHTEH3UTETa TIPOTIeca.

Tabena 2: H,(x) pynxyuja pacnooene n y3acmonnux 3anpemuna npekopayersa y
Gynxyuju oonura ynkyuje K(x,n) 3anpemMuncKo2 UHmMeH3umema npoyeca.
un (1) H,(x) [H,(x) yBek mo m3pasy (7)]

2n = CONS —/of n—1 (qt)
>y = const. Zl —0 I

—K(z —1 K(z
() 1—e™ )Zi =0 (,')

w(z)(1+2) |\H,y — (”1 Al (a+i—1)}(1—e /o) n=23, ...
»n(z)(1-2) |Hpo1— =i {H" b—i+1 }((,f’c/”—l)”'_l, i=2.3;

2.3.PACITIOAEJA MAKCUMAJIHE 3ATTIPEMUHE ITPEKOPAYEIBA

DyHKIIMja parnojee MaKCHMAlHE 3alpeMUHE MPEKopauckha Y BPEMEHCKOM HHTEPBATY
(0,¢], xopuctehn n medwmuuryjy mporeca (1), rmacu:

Fy(z)=P{X<a}=P{x(t)<z}=po(t)+ >, [H(x)]"pu(t) (8)

VY u3pasy cy pacnojeie Opoja jaBibama MPEKUIA Y BPEMEHY pv(t) 1 3aMpeMuHa TPEKO-
pauema H(x)=H(x) (onpehyje je p,(¢) pactiomena 6poja mpekuIa Mo 3apeMIHH ).
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3. INTPUMEP IPUMEHE MO/JEJIA

[IpukazaH cToXacTHUKM MOZEN TPUMEEH je Ha CpeAmUM JHEBHHM IIPOTOIMMA O]
1931. mo 2009. ca xc be3man Ha JlyHaBy [10]. AHanu3a je crpoBeqeHa 3a BEIUKH OpOj
mparoBa mpoToka. JlaT je msrien momenupanux ¢yHkmuja H,(x), 3a n=1,2,3 u Opoja
jaBlbama MpeKua o BpeMeHy p (f) 3a jedaH mpar ca KapaKTepUCTUYHUM IOHAIIAHkEeM
(cmuka 3). OcuoBuu HM3 (n=1) je Moxemupan BejOymoBoMm pacmonenoM, a p (t) HeTaTH-
BHOM OMHOMHOM pacnogenoM. O6auk H,- »;(x) caean uzbop Iloaconose pacnoene 3a
Ppn(x) Opoja mpexuga o 3anpeMuHd. OCHOBHU HU3 3alpeMUHA W HU3 IO JBE yIpYKEeHE
CyCe/lHe 3allpeMUHe cariiacHH cy mo Tecty KoiamoropoB-CMHpHOBa, JOK YAPYKUBAHE
0 TPH 3allpeMUHe HUje. Y 0UeH je MpoOieM BEJIMKOT OICera BPeIHOCTH 3alpeMHHA TIpe-

Baza: 5100 1n3/s . y Analiza hrf;ja javijanja
¥ empirijsk

n

Analiza broja javljanja
teorijska

broj javljanja v [

Cnuxa 2.IIpaz npomxa 5100 m’/s. Jleso: gynxyuje H,(x), 3a n=1,2,3. munuje -
meopujcke, mapkepu — emnupujcke. /lecHo. pacnoodena jasmarba npekuoa no
spemery pff), ope- emnupujcka, 0oje- meopujcka.

Kopauema, IITo ce Moxe Ipesasuhu u300poM Heke Ipyre pacrnozene 3a Hi(x). Ilpeys3u-
Mame y30pauke OLCHE MapaMeTpa a YCBOjeHe AUCKPETHE pacnoene p,(x) 3a hopmupa-
we H,(x) He naje nobpe pesynrara - pa3ujeHa je mpoueaypa Koja napamerpe Quryje na
ce ocTBapu HajObosha Moryha yciioBHa cariacHOCT.

4. 3AK/bYYAK

Pax npukazyje croxacTHIKH MOJIeN 3allpeMuHa IIpeKopaderma 6a3HoT MPOTOKa 3aCHOBAH
Ha METOIM IHKOBA; TO je MPEKUAHHU CIydYajHH MpoLiec 3aCHOBAH Ha IocTyaatuma Map-
KOBa O IPEKUANMa 110 BPEMEHY M 3alpeMUHH Ipekopadema. CHCTEM jeTHauYMHa KOjH je
OINIITE pellere 3aBUCH O] (PYHKIHja BpeMEHCKOT A(Z,V) W 3allpeMUHCKOT K(X,n) WHTe-
H3uTeTa nporeca. tbuxos npernocraBiben o0nuk onapelyyje pacmozgeny Opoja mpexnuaa —
OnHomAHy, llyacoHOBY minu HeraTMBHO OMHOMHY. Pacnozena mpekuia UMIUIMLHpa pa-
CIIoZieTie BpeMeHa Tpajama nukiyca G,( %) u 3anpemMuHa npexkopadema H,(x;). Pacmogene
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ocHOBHUX HU30Be G1( 7)) u H|(x;) HEe 3aBuce o1 Opoja jaBJbama - 0OJUKOM MOTY OJIrOBa-
paTH eKCIoHeHIHjarHoj, Bejoynosoj wm Ilapero pacmonenu. Pacnogene yapykuBama
(v,n=2,3,...) cy pexypentae npexo G(z) u H,(x;). Mozen je mpuMemeH Ha XUAPOTpa-
MHMa CpelibHUX JHEBHHX MpOTOoKa X¢ besman, pexa /lyHaB. Bpoj mpekuna y BpeMeHYy
clie[i HeraTMBHY OMHOMHY pacrofely, a Tpajamba IUKIIyca U 3allpeMUuHa [PeKopadeha
OCHOBHHX HM30Ba BejOynoBy. Merononoruje mpopadyHa je AOMyH-eHa 300T HEMOTY-
hHOCTH AMpEKTHE MPHUMEHE TCOPH])CKUX MPETIIOCTABKY 3a popauyH G,( %) u H,(x;).
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PEAKS OVER THRESHOLD METHOD - ONE
STOCHASTIC MODEL FOR FLOOD VOLUMES

Summary: Peaks-over-threshold method (POT) is the way for analysis of the stochastic
structure of extreme hydrological events. For a chosen base flow and for characteristic
value obtained form partial hydrographs, the POT method encompasses detection of
discrete probability distribution of number of events in chosen time interval and
continuous distribution of the exceedance values (peaks). This article presents a stocha-
stic model for the analysis of the base flow exceedance volumes and accompanied cycle
times between the ends of the sucessive exceedaence events. The model is based on the
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Markov’s discreteds model principles and the assumptions about the form of the process
intensity functions. The number of occurrence discrete distributions are discussed acc-
ording to chosen forms of the time and volume intensity functions. The continuous distri-
butions of the base flow exceedance characteristic values are modelled for the base
series of values and their aggregation. The distribution of the maximum exceedance
volume over the base flow in chosen time interval is formulated. The article presents an
application of the suggested procedures on the mean daily flows hydrographs from the
Bezdan gauging station on the Danube river.

Keywords: POT method, flood volumes, stochastic model
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