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BPEME KAIIIIbEIbA OTHl(AJA HA IiYJHqHHM
CJIHBOBHMA Y CPIiHJH

M3BO,u: Maxcmranau npornuaj oapehene sepoaaraohe nojaae Qmax(p) rrpencras
Jba OCHOBHl1. ynasua nonarax aa npojexroaan.e nO,UYlKHIfX Ifnonpesnax o6jeKaray
KOpIfTl1.Ma 6yjlfqHlfX TOKOBa. Ilpopasya MaKCIfMaJlHOr npornnaja Qmax' na neasy
qeHIfM CJlIfBOBIfMa, 06aBJba ce Hajqelllhe npl1MeHOM reopnje CIfHTeTlfqKOr jenana
qHOI' xaaporpana IfSCS MeTO'uoJlOrHje sa paaasaian.e eljJeKTIfBHIfX Pe O,U yxynnax
nanasnaa Pb' Aaanasnpana je jeaaa o,U OCHOBHIfX BpeMeHCKI1X xapaxrepacnuca
BeJlIfKIfX noaa: speve xaunsen.a tp' Bpeve xaunsen,a je onpeheno na OCHOBy ofipa
zte xnaporpava If aaasajaa,a penpeaeararaannx je,UlflmqHIfX xaaporpava na 93
npodiana. 3a IfCTIf 6poj npodnura cy onpeheae nexe ,UOMIfHaHTHe ljJIf3IfqKO-reO
rparpcxe xapaxrepncrake CJlIfBOBa (nospunora CJlIfBa A, ,UYlKlfHa CJIlfBa no rJlaBHOM
TOKy L, oacrojarse O,U resorurra no 1f3J1a3HOr npoljJlfJlaLe,ypaanaru nan pe-mor KO
para Iu' cpena,a Harlf6repena y CJlIfBY Isr)' lIlTO je 61f0 OCHOB sa aasohen.e pa3J1I1
qlfTIfX 3aBlfCHOCTI1 «,=f(L, Le, lu); tp=f(L, Le, lu' Isr))' .ll.eljJlfHlfcaH je O,UHOC ape
MeHa xaunsea.a tp If speueaa KOHUeHTpaIlIfje Te (tP=feTe))'
KJbyqHe peua: 6yjlfqHanonnaaa, apeve xaunsen,a, MaKCIfMaJlaH rtpornuaj, jeaa

HlfqHIf xnnporpau

LAG TIME ON TORRENTIAL CATCHMENTS IN SERBIA

Abstract: Maximal discharge Qmax(p) is the basic input data for designing longitu
dinal and transversal objects in torrential beds. Calculation of maximal discharge
Qmax' on unstudied catchments, is carrying out by usage the theory of synthetic unit
hidrograph and SCS methodology for separation effective rain Pe by total rainfall
Pb' One of the basic time characteristics of torrential floods was analyzed: lag time
t{l' Lag time t p was determined on the basis of processing of hydrographs and de
riving representative unit hydrographs, on 93 control profiles. Dominant physical
geography characteristics were determined: magnitude of the catchment area A,
length ofthe catchment area along the main stream L, the distance from the centroid
of the catchment area to the outlet profile Le, average slope of the river bed lu' av
erage slope of terrain on the catchment area Isr' Lag time and dominant physical
geography characteristics were the basis for deriving some equations with regional

op Pamso Pucmuh, ooueum, lllyuapcxu paK)lJlmem Ynueepsumema y Eeoepaoy, Beoepao
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Parxo PI1CTl1n

significance (tp=/(L, i; Ju); tp=/(L, Lc' lu' Isr))' The relation between lag time tp
and time of concentration Tc was determined (tp=/(Tc))'

Key words: torrential flood, lag time, maximal discharge, unit hydrograph

1. YBOl(

Ilpopaxya MaKCHMaJIHOr nporauaja onpeheue sepoaaruohe nojase Qrnax(p) npen
CTaBJha OCHOBHH YJla3HH nonarax rrpHJlHKOM ilHMeH3HOHHcalha ofijexara, KOjH ce H3BOile

y KopHTHMa 6yjHllHHX TOKOBa (nonpesna 06jeKTH: nperpane, nparosa, nojacesa, Malhe

aacyre fipane, OTBOpH MocToBa; rroilY)({HH 06jeKTH: perynauaje KOpHTa, ofianoyrspne,
nyrau nporrycrn). Y Cp6HjH HMa 9260 6yjHllHHX TOKOBa (T'a a p HJl OB Hn, 1975) Oil KO

jax je najseha neo nornyno HJlH HeilOBOJhHO H3YlleH. TepMHH norrryuo HeH3YlleH OilHOCH

ce na BOilOTOKOBe rne HeMa Mepelha sonocraja, O,ll,HOCHO, rrpornuaja, a He,ll,OBOJhHO H3Y

qeH rne ce ofiaan.ajy y HH3Y xpahea Oil 15 roznma (IT p ox ac K a, IT e T KO B a h , 1989).

Ha H3YlleHHM 6yjl111HHM TOKOBHMa xopacre ce CTaTHCTHqKe aHaJIH3e, xoje ce CBO

ne na npnaeay nexe on reopnjcxax <fJyHKUHja pacrronene sepoaaraoha, ua pacnonoxaaa
HH3 rOilHWIhHX MaKCI1MaJIHI1X nporuuaja, npa qeMy ce ycsaja OHa pacnonena xoja noxa
syje aajsehe npanarohasaa,e eMrrHpl1jcKHM raxxaaa (1987). OBaKaB npncryn y npopasy
ny MaKCHMaJIHOr nporauaja ce perxo npaaeisyje, 360r llHlheHHue na je orposma sehuua
6yjHllHHx TOKOBa neaayxeaa (P H CT H h , 2000). Ha HeH3yqeHHM CJlI1BOB11Ma ce npaue
Ihyjy npopaxyna 3aCHOBaHH aa rrp11HUHrry rpaacrpopaaunje pasyncxe K11We y paxyacxa
npornuaj (H a a n et al., 1982). Y 6yj1111apcKoj npaxcn Cpfinje npopasya MaKCHMaJIHOr

nporauaja onpeheae BepOBaTHOne nojase (06HllHO p= 1,0%), aa HeH3yqeHl1M CllHBOBHMa

ce 06aBJha KOMnJleKCHHM nocrynxoa, ql1je OCHOBHe KOMnOHeHTe ,ll,06HjaMo aa OCHOBy:

- npaueae reopaje CHHTeTHqKOr je,ll,HHHqHOr xnnporpasra sa napaxyuaaaa,e MaK

CI1MaJIHOr jennna-mor ornuaja qrnax;
- npauene SCS MeTO,ll,OJlOmje sa onsajas,e e<fJeKTHBHe (nero) xnure Pe Oil YKYnHe

(6pyTO) xauie Pb'

Ha OCHOBy H3pallyHaTHx npenaocra MaKCHMaJIHOr jennnasnor ornuaja qrnax 11 BH

CHHe e<fJeKTHBHe xmne Pe il06Hja ce MaKCHMaJIaH npornuaj Q rnax:
Qrnax=qrnax'Pe [m3·s-I ] , (1)

rile cy: Pe - e<fJeKTHBHa xnura [mm] H qrnax - MaKCHMaJIHa opnnnara CHHTeTHllKor jezm
HHqHOr xanporpava [m3·s-l.mm-1].

056·A·I0qmax= ' , , (2)
Tb

me cy: A - nospmaaa CJlHBa [km2], Tb - speaencxa fiasa CI1HTeTHllKor jenmncuror xan
porpana [h], xoja ce nofiaja xao

Tb=Tp+Tr' (3)

npn lleMy cy: Tp - speve nopacra xnnporpaaa [h], xoje ce aspaxyaasa sao
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Bpesre xaunsersa oranaja aa 6yjH'lHHM CJlHBOBHMa y Cp6HjH

[
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tp

T [h]

CJlHKa 1. CHilTeTH'lKH jeJlHHH'lHH xanporpasr

Figure 1. Synthetic unit hydrograph

TkTp=T+tp, (4)

Tk - rpajaa,e ecPeKTHBHe KlilIle [h], tp - speae xaunsetsa cnasa [h] H T, - speve onaaan,a

xnnporpaaa [h], xoje ce Llo6Hja ce xao

Tr=k.Tp' (5)
rne je k - KoecPHUHjeHT ofinaxa xnnporpaaa.

Xanporpav npeztcrasrsa BH3yenHH npnxas npoveae npornnaja BOLle y cPyHKUHjH

speaena, H xao TaKaB OH penpeserrryje csojcrsa cnasa, soja HMajy onrrysyjyha, H ycno

BHO pe-reao cranan, yrmraj aa OLlHOC nanaaaua H pesynryjyher ornuaja, Xanporpav je

nocnennua mrrerpacanor nejcrsa nananana H LlOMHHaHTHHX csojcraaa cnasa (BenH'-IH

na; o6nHK; rycraua xnnporparpcxe Mpe)l(e; Ha'-lHH xopmnhea,a 3eMJhHIIITa; parrasocr rra

LlHHa H xopara; reosrerpajcxe KapaKTepHCTHKe xopnra; Ham6H nanuna H pesnor KOpH

ra; HHcPHnTpaUHOHH xanauarer 3eMJhHIIITa). 113 osora cnena na CHHTeTH'-IKH jeLlHHH'-IHH

xnnporpan sropa H3pmKaBaTH OCHOBHa csojcraa cnnsa H KapaKTepHCTH'-IHHX rranasaaa.

Y ycnosaaa neasy-renax cnHBOBa npnuersyje ce CHHTeTH'-IKH jeLlHHH'-IHH xnnporpaa,

'-IHjH cy OCHOBHH eneuenrn: spene xaunsersa cnnaa tp; ecPeKTHBHa KHlIIa rpajan,a Tk;

spesre nopacra xanporpaua Tp' spexe onanarsa xnnporpana T;H MaKCHMaJIHa opnanara

jeLlHHH'-IHororauaja qmax (cnaxa 1). CHHTeTH'-IKHjeLlHHH'-IHH xnnporpaa aa HeH3y'-leHHM

53



PaTKO PHCTHh

CJIHBOBHMa ce MO)i{e KOHcTpyHcaTH npexo 3aBHCHOCTH ,U06HjeHHx na OCHOBy HCTpa)i{H
aaisa y noje,UHHHM perHOHHMa. TaKaB npacryrr ofiasesyje na ce npnaena pefHOHaJIHHX
3aBHCHOCTH y npyrna 06JIaCTHMa nasosuao aHaJIH3Hpa, y CMHCJIy IhHXOBe ynorpefirsa
BOCTH (P HCTHn, 2000).

Ilpopaxyn MaKCHMaJIHOr npornuaja Qrnax na OCHOBy apume opnnnare CHHTeTl1q
xor je,UHHH'IHOr xanporpaua qmax H e<\JeKTHBHe xmue Pe (npesra SCS MeTo'uOJIOfHjH)
npeztcraarsa craanapzt y 6yjHqapcKoj H umpoj XH'upOJIOWKOj npaxcu, xana cy y mrran.y
HeH3yqeHI1 CJIHBOBH. Peny6JIHqKH XH,UpoMeTeOpOJIOWKH 3aBo,U Cp611je 113,Uaje MHWJhe
Iha (npeaa 3aKOHY 0 sonaaa, qJIaH 15, CJIy)i{6eHH maCHHK PC, N2 46/91) 0 BeJIHKHM BO
,UaMa sa CBe nonyxne H nonpe'IHe 06jeKTe y KopHTHMa BO,UOTOKa, a apeue xaunsersa je
HeonOXO,UHa KOMnOHeHTa npopasyna. Bperae xaunseisa CJIHBa tp (CJI I1Ka I) npencrasn,a
HHTepBaJI O,U ueirrpa xajerorpasra e<peKTHBHe KI1We ,UO spxa xnnporpaaa nOnJIaBHOr ra
naca (H u g gin s et al., 1982).

2. MATEPIIJAJI II METO)l; PA)l;A

Hcrpaxnaan,e je 06yxBaTHJIO roTOBO ueny reparopnjy Cpfinje, ceM BojBo,UHHe.
Kopmnhenn cy nenana ca CJII1BHHX nOBpWI1Ha 10<A < 1268 km2, O,UHOCHO, CBH MepHH
npodmna onpeursean JII1MHl1rpa<poM, H3 ocaarpasxe Mpe)i{e Peny6JIHqKOr XI1,UpoMeTeo
pOJIOWKOr 3aBo,Ua Cpoaje. Bojaonana HHjeooyxaahena OBI1M HCTpa)i{HBalheM, O,UHOCHO,
nonpysja <I>pywKe Iope H Bpuiasxor opera soja cy yrpoxena qeCTHM 6yjl1qHHM norma
aaua, a pa3JIOr je nerrocrojan,e MepHHx npodmna. Y pany cy xopaurhene XH,UpOJIOWKe
CTaHHue JIOUl1paHe na npo<pI1JII1Ma ynyrap cnenehnx CJII1BHI1X nonpysja: BeJIHKe, Jyxue
H 3ana,UHe Mopase, 116pa, Bapnapa, Crpyue, Eerror )];pI1Ma, )];yHaBa (,UHpeKTHe ,UeCHe
npuroxe MJIaBa, TIeK, Ilopesxa pexa H OeJIH THMOK), Cane (,UHpeKTHe ,UeCHe npHTOKe
)];yMaqa H )];06paBa),KOJIy6ape H )];pHHe. TIpaKTHqHO, repnropaja Cpfiaje, jyzcno O,U Ca
Be H )];yHaBa, rperapa ce xao HCTPa)i{I1BaHO nonpysje. Ofipahen» cy HI1BOrpaMI1 ca XI1,U
POJIOWKI1X craunua OnpeMJheHHX JIHMHl1rpa<pOM. )];I1CKpeTH3aUl1ja je spmeua sa spesren
CKH I1HTepBaJI t1t= 1 h (I994). HI1BorpaMH H(t) cy rpaacipopwacaaa y xnnporpaae Q(t),
npexo onrosapajyhnx Kpl1BHX npornnaja. 06aBJheH je npernen JIHMHHrpa<pcKHx rpaxa ca
127 CTaJIHI1X 11 npHBpeMeHI1X XI1,UPOJIOWKI1X cramma, Ooyxaahea je -nrraa nepaon pana
JIHMHllrpa<pa, aa noje,UI1HI1M CTaHHuaMa, 3aKJhyqHO ca 1997. rO,UHHOM. AHaJIH3a pe)i{HMa
nanaaaaa je 06aBJheHa 06pa,UoM Opl1fHHaJIHHX nnyaaorpatpcsux rpaxa ca 24 CTaHHue, 11
xopaurhea.eu OpHfHHaJIHHX 3anl1CHHKa ca OKO 700 cranaua ca cTaH,Uap,UHHM KHWOMe
pOM. 113,UBojeHH cy je,UHHl1qHH xunporpaaa sa 93 rrpodiana, ua OCHOBy KOjl1X cy onpehe
HH penpe3eHTaTHBHH je,UI1Hl1qHI1 xanporpaua, xao 11 onrosapajyha apeueaa xaunsetsa

CJII1Ba tp'

)];eTepMI1HI1CaHe cy ,UOMI1HaHTHe <p11311qKO-reorpa<pcKe KapaKTepHCTI1Ke sa93 CJIl1
aa: nOBpIIIl1Ha A, ,Uy)i{l1Ha no maBHOM TORY L, O,UCTojaH>e O,U 113JIa3HOr npodmna ,UO TaqKe
y KOPl1TY Haj6JIl1)i{e Te)i{l1IIITY CJIl1Ba Lc, ypaaaarn nan TOKa Iu' cpezusn HafH6 repena y
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Bpeae xaunsetsa oranaja na 6yjH'IHHM CJlHBOBHMa y Cp6HjH

CJlHBY Isr' C1>H3H'IKO-reorpaclJcKe KapaKTepHCTHKe cy ,ll.eclJHHHcaHe aa OCHOBy oopane xa
para R=1:50000, ceM aa HeKOJlHKO CJIMBOBa nOBpIIIMHe A<50 km2, rne cy KopMIIIneHe xa
pre R=1:25000. YpaBHaTH nan TOKa je O,ll.pe~eH KopHwnefbeM nporpaxa PAD (nporpasr
cKMje3HK Basic, oneparnaaa CMCTeM DOS), ayropa ~araHa Manoureaaha (1996. ron.).
ITPHJlHKOM onpehaaan.a Te)KHWTa CJlHBa, aa noapumuaua A>100 km2, xopamheue cy
xapre R=1:100000 M R=I:200000.

,ll;eclJMHMcaHa speveua xaunseaa tp' ys nerepuaaacane clJH3M'IKO-reorpaclJcKe
xapaxrepacrnxe CJlHBOBa (A, L, Lc' lu' Isr)' rrOCJIY)KMJla cy xao OCHOB sa asaoheae perpe
CHOHI1X 3aBHCHOCTI1 aa aspasyaaaau,e speueaa xannsersa tp sa HeI13Y'IeHI1M CJlI1BOBI1Ma.
PerpeCI10He auanase cy naneneae KopMwnefbeM CTaTI1CTM'IKOr nporpaua Stat Work sa
Macintosh pasyaape, a ,ll.HjarpaMH cy 113pa~eHH y nporpauy Excel.

3. IIPErJIE,lJ; ,lJ;OCA,LI;AillIblIX HCTPAJKHBAIbA BPEMEHA
KAillIbEIbA

Jenan on HeOnXO,ll.HI1X YJla3HMX nonaraxa aa npopasyn MaKCHMallHOr je,ll.MHH'IHOr
ornuaja qmax, y MeTO,ll.M CHHTeTH'IKOr je,ll.HHH'IHOr xnnporpaaa, jecre apeue xauusetsa
CJlHBa tp' Ilojaa npeveaa xaunsea.a tp y XH,ll.POJlOWKY mrreparypy npsa je yaeo Snyder
1938. ron, (C how, 1988). Ha OCHOBy acrpaxnaau.a cnpoaeneuax na CJlHBOBI1Ma BeJIH
'IHHe 30-30000 km2, na Anana-ucaa nJlaHI1HaMa y Cesepnoj AMepHUH, OH je ,ll.eclJI1HHCaO
nojau crannapmror je,ll.HHH'IHOr xnnporpaaa (standard unit hydrograph), 'IHja Ba)KHa xa
paKTepl1CTI1Ka ,ll.eclJHHHwe O,ll.HOC speueaa xaunsen,a tp H rpajan,a eclJeKTHBHe xnure Tk
(Huggins et al., 1982):

tp=5,5-Tk [h). (6)

Hcrpaacasan.a Snyder-a cy nosena no penaunje sa aapasynaaaa,e speaeaa KaIII
a.eisa CJlHBa tp' aa OCHOBy rr03HaTI1X clJI1311'IKO-reorpaclJcKHx KapaKTepl1CTHKa:

tp=Cr C( L .Lc) O,3 [h], (7)

rae je: C1=0,75, Ct - ,ll.0611ja ce na OCHOBy ananase H3,ll.BojeHHxje,ll.MHM'IHMX xnnporpaaa
y peraony, L - ,ll.y)KI1Ha CJII1Ba no rnaanou (Haj.ll.Y)KeM) TOKy, on aononenaaue no M3Jla3
aor rrpodiana [km], Lc - oncrojau,e O,ll. 113Jla3HOr npodmna no Ta'IKe y xopary rnaaaor TO
xa, xoja je Haj6JII1)Ka Te)KI1IIIry CJlI1Ba [km].

U.S. Army Corps ofEngineersje 1959. ronane npencrasao nexe MO,ll.HclJHKaUHje
Snyder-osnx 3aBHCHOCTI1, ya ,ll.eclJHHHcalbe 5 saasajuax KapaKTepHCTHKa sanaror jena
HI1'IHOr xnnporpaaa (required unit hydrograph), rne je jenaa O,ll. HajBa)KHHjwx YJla3HHX
nonaraxa nopen speaeaa xaunseaa tp' nara eKCTpeMHa KHIIIa (given excess rainfall)
(Huggins et al., 1982).

Lin sley, Koh I er H P au Ih us (1948, 1975, 1994) cy npe,ll.CTaBJ1JTH 3aBHCHOCT
sa uapaxynaaaa,e speaena xaunsersa tp' soja je onpeheua aa OCHOBy ananase perncrpo
BaHHX xanporpaaa na 20 CJlHBOBa y Cesepnoj AMepI1UH, nOBpIIIHHe A=10-1700 km2:
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(
L oL Intp=C t ' d [h), 000000 00 (8)

me je lu - ypaaaarn nan rnaaaor TOKa [%), 11 npencraarsa HOB rrapaverap y O):(HOCy aa
nperxonay jennasmry ):(OK OCTaJIl1 I1Majy I1CTO 3Ha'lelhe. I1CTI1 ayropn spexre xaunsen.a
tp noucrosehyjy ca BpeMeHOM xonuempauaje Tc'

SCS (Soil Conservation Service) 1972. ron, cyrepmne, ua OCHOBy pemcTpOBaHI1X
je):(I1HI1'1HI1X xnnporpaua ca rtpnponnax CJlI1BOBa, na ce O):(HOC npevena xaunsea.a tp I1
speuena xonuearpauaje Tc MO)J(e npe):(CTaBI1TI1 cnenehov penauajosr:

tp'" 0,6·Tc [h). .0.00.00 .. 0 (9)

Y ):(oMahoj XI1):(POJlOIliKOj npaKCI1 06aBJbeHO je I1CTpa)J(I1Balhe sa CJlI1B Konyfiape,
ua 7 KOHTPOJlHI1X npodnura (J aHK0 B11 h , 1971)0 Pe3YJITaT acrpaxoman,a je penaunja,
'1eCTO UI1Tl1paHa y CTpy'lHI1M nyfinaxaunjaaa 11 y1,l6eHI1UI1Ma, a roTOBO neaaoounasaa y
npojexrnoj ):(OKYMeHTaUl1jl1, sa aapasyuaaaa,e apeueaa xaunsen-a tp:

(L 0 L JO
,37

t p=0,75°lK [h). (10)

Ha OCHOBy acrpaacaaaa-a CJlI1BOBa pexa Bynaue, Mnpne 11 Ton-iaaepcxe onpehe
aa je cneneha 3aBl1CHOCT sa aapasyuasan,e spevena xaurrseisa tp (E p aj KO BI1h, JOB a
HOBl1n, 1979-1981):

(L .L J0,37
t p= 0,65 'lK [h)o (11)

Hcrpazoiaaisa y Cesepnoj AMepl1UI1 nOKa3aJIa cy na Bpe):(HoCTI1 napaverpa C
sapnpajy 0):( C= 0,30-0,90 (J 0 BaH 0 BI1 h , 1974); sa CJlI1B KonytiapeC= 0,75; sa CJlI1BOBe
By'lI1Ue, Mapne I1Ton-nrnepcxe pexe C= 0,65.

AHaJII130M seher 6poja je):(I1HI1'1HI1X xnnporpaaa sa ):(aTOM npodmny, MO)J(e ce yr
Bp):(I1T11 na spesre xannsessa nnje KOHCTaHTa (Bp aj K0 B11 h , JOB aHOBHh , 1971), Ben
na 3aBHCH 0):( rpajan.a xnnre:

tp=aoTk+to [h). ..... 0000. 0.0000.0 .. '" (12)

Ilapasierap a 3aBl1Cl1 0):( nOBpllII1He CJlI1Ba (a= 0,30-0,60, sa CJlI1BOBe nospuiaae
A = 20-160 km2), ):(OK je TO speae xauusen.a TpeHYTHor je):(I1HI1'1HOr xanporpaxa.

4. PE3YJITATH HCTPA)I(HBAILA

4.1. AHaJlH3a npestena xama-ersa tp

Bpeve xamrseisa tp je aHaJII13l1paHO aa CJlHBOBIiMa na Kojl1Ma ce sprue naruero
):(1111Ilba Mepelba HI1BOa none (nporuuaja) 11 nanasaua. Ao6l1jeHe 3aBl1CHOCTI1 tp=f(L, Lc'
Iu) 11 tp=f(L, Lc' lu' lsr) CJlY)J(e sa napasynaaarse apeaena xaunsersa tp na CJlI1BOBI1Ma
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BpeMC xama.en,a oruuaja na 6yjHQHliM CJ1HBOBHMa y Cp6HjH

KOjH cy xnnponounca HeH3Y4eHH. Kopauihersea npencrasrseaax 3aBMCHOCTH (y=a·x b)

speae xaunsea-a tp aa HeH3Y4eHHM cnHBOBHMa ce MO)l(e H3pa4yHaTH aa OCHOBy HeKHX
n03HaTHX cPH3M4KO-reorpaljJcKMx xapaxrepucraxa emma (L,- Lc' Iu' Isr)' soje ce jennoc
TaBHO onpehyjy craanapnnna MeTOilaMa, ca paCnOnO)l(HBMX TOIlOrpacPCKHX xapara.

t p=0,751·C;i f 336

[h]. (13)

rile cy L Ht.; aapaacenn y km, a I u y %.

Penaunja (13) je asaenena aa OCHOBy pesynrara ncrpaaorsaa,a na 93 KOHTPonHa
npotpana (cnnxa 2), a no 06nHKY cy=a·xb) cnezm craanapn y csercxoj Mnosrahoj XHilPO
nomxoj nareparypn. Y OilHOCY na penaunjy (10) naje MaJ-be spenaocrn speaena xaunse
J-ba tp.

(

L. L ,0.315
t p = I ,399 · ,; . C j [h], (14)

III r:
npu 'IeMy cy L HLc uapaxenu y km, a lu HIsr y %.

Penaunja (14) y xojy je YKJbY4eH napaverap cpezuser aarafia repena y cnasy ISf'

naje neurro Bene BpeilHOCTH spesteaa xaunseu.a tp Oil penaunje (13). YBol)eJ-be nonarnor
noxasarersa Isr (cnnxa 3) HHje auasajao nofiorsurano KBanHTeT xopenauaoanx sesa, 4aK

._-----~-_._--_._------------------------------

10000 ---------------------------_---.

1000

100

10

Slika 2. )].HjarpaM 3aBHCHOCTM lp= f(L, Lc' Ill)
Figure 2. Relation Ip=f(L, Lc' I u)
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57



ParKO PHCTHh

n Z.Morava "Drina
o V.Morava + Beli Drim
• Struma

(

L.L )0,315
t«: 1,399· .J . e

i; I sr
-~--~ -, ------c -~-___+_~~(z·o - .... --~~ -- --~--

R=O,981

10

100

1000

10000.r--------------""""':'"----_-_--------,

10 100
'-------------------------------_._--

Slika 3. ,UHjarpaM 3ll1lHCHOCTH tp=/(L, Le, Iu' Isr)

Figure 3. Relation tp=/(L, i; I u' I sr)

je H Koel}lHUHjeHT KOpeJIaUHje MalhH (R=0,981<R=0,986), y O,lJ,HOCy ua penauajy (13).

THMeje norspheao HCKyCTBO HCTpmKHBaqa y caery na je ypaanarn nan I u ,lJ,OMHHaHTaH
napauerap narnoa, lIITO06jalIllhaBa neyxrsyxnaaae Isr y n03HaTe 3aBHCHOCTH.

O,lJ,HOC speueaa xaunsea,a tp npeua npesreny KOHueHTPaUHje Tc npencraarsen je

penaunjou:
tp= 0,693 ·Tc [h] (15)

,ll;06J-tieHH O,lJ,HOC, sa CJIHBOBe y Cp6HjH (CJIMKa 4),jY}l<H0 0,lJ, CaneH ,ll;yHaBa, 6JIH

3aKje O,lJ,HOCy sa CJIHBOBe y Ceaepuoj AMepHUH, rne je tp= 0,6· Tc (1972).

Bpe,lJ,HOCTH spesteaa KOHueHTPaUHje Tc cy ,lJ,06MjeHe na OCHOBy ofipane je,lJ,HHJ1q

HHX xnnporpaaa, npesra craanapnnoj MeTO,lJ,OJIOrnjM (Wan i eli s t a, 1990), a 3aBHCHO

CTH (13), (14) H (15) cy H3Be,lJ,eHe aa OCHOBy HH30Ba nonaraxa, npHKa3aHHX y Ta6eJIH 1.

4.2. «})H3H"lKo-reorpacllcKe xapaserepacraxe CJlHBOBa

<!>H3HqKO-reorpal}lcKe KapaKTepHCTHKe cy onpeheae aa CJIHBHe noapmane aa 93

KOHTpOJIHa npodiana. Pacnon Bpe,lJ,HOCTH sa nojenane napaaerpe H3HOCH: nospunnra
CJIMBa A=10-1268 km2; )l,y}l{MHa CJIHBa no rJIaBHOM TOKY L= 6,40-93,20 km; oncrojan,e 0,lJ,
TaqKe y peqHOM xopnry, Haj6JIH}I{e reaomrry CJIMBa,,lJ,O M3JIa3HOr npoq>HJIaLc=3,4-46,5 km;
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+

tp=0,693 .Tc

R=0,981

20 25
-----._-~-_.~~-

ypasaarn nan ,UHa pexaor xopnra 1u= 0,26-4,66%; cpezm,nHarH6repena y CJUlBY 15r=8,98

47,0%; O,UHOC L/Lc=1,41-3,15. Yrrorpefia 3aBHCHOCTH, y KojHMa ce xopncre <j>H3HqKO-reO

rparpcxa napaverpa, TPe6aJIo 6H na 6y,Ue orpanasena aa CJHlBOBe ca H3HeTHM pacnoan
Ma Bpe,UHocTH.

5. ,lI;IICKYCIIJA 0 PE3YJITATlIMA IICTPAlKlIBAIhA

AHaJIH3a apeuena xaunsersa tp nonena je no H3,UBajalha penaunje (13), xoja, y no
pehen.y ca penauajou (10), naje Malhe Bpe,UHOCTH speueua xauuseu,a tp. Cuaa.ea,e spe
MeHa xaunseisa tp ,UHpeKTHo YTHQe aa CMalhelhe HMeHHTeJba y penauaja (16) H ysehan,e
Bpe,UHocTH MaKCHMaJIHe opnnaare je,UHHHQHOr xnnporpaaa qMax' WTO aa nocnennuy
HMa pacT Bpe,UHOCTH MaKCHMaJIHOr nporunaja Qmax(p) (sa HCTO speae rpajan,a e<j>eKTHB
He xnnre Tk).

_ 0,56·A ·1,0 3 -I -I 6
qmax- ~ t; ) - T

kJ
[m·s -mm ] (1 )

t+- +kJt+-
p 2 ~P 2.

Ha H3J10){{eHOM rrpnaepy (Ta6. 2) 8 CJlHBOBa (Illesapaxa, Cysa Mopasa, PenHHCKa
pexa - ,UHpeKTHe rrpnroxe J. Mopane; Mapnna pexa, Jlysxa pexa, Byxoanua, Fpafiosuua
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PaTKO PIfCTHn

Ta6eJIa 1. YJIll3llH nonaua sa arranasy BpCMCHa xaunseu.a tp
Table 1. Input data for analysis lag time tp

npo4IUJI
I

lipoj I Peica

l
I lflculTaH
2 ·.1 Tasmaaa

~ ·1~;Hja ....
,Konyt5ap~
06HHlcla.

8 KOJly6~pa

9 rpMal\
10 jJatlJlaHHl\a
11 iJafinanuua

:; . rt:~:;~:l\a
14 'heran,a
15 Cxpaneac
16 PaCHHa
17 rrpy)!(a
18 Mopasana

~~I~=:::
22 IBjcJllflla

II ;~ I~:~~::lla
If 25 ·1 MopaBHlla

II;~ ~~~~:a
II 28 CKparIC)!(

II

29 3ar]J)!(a
30 Janap

I
,.. 31 Bana

32 BlfcTpHlla

I

33 MHJlCIlICBKa

, ~~ l2&~~~:a
II 36 [Paunca

'

1[1 37!I16ap .
38 .. Plf6Hlflla

II 39.. CTyJlCHHI~a
40 <:::1)')lcHHlla
41 ..C::1J'ES';[lilla
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i

I
. I .
. i3cOKC
I· .
IKOllCJhCBO
'Y6 .
IBoroBalja. .
JYHKoBall __
Cnosau
BCJlO I10JhC

IBaJhCBO
):(cryplfn .
CCJlnapc.
CT)'60POBlIH
Ilaurrpah
fIpCJbHHa
IllicHroJh
IY)!(H'!Ka lIoscera
BHBOJhe
Tyuasxa Hanep
APHJh~

.jAPHJbC .....
.1Cranapa .- ..
.I Pore

ry'!a
Ilpnjeuop
Bpl)aHI1
I1BaIhHl\a
Kaneanh
Bopa'!
Kocjcplfti
CTaHHlllHHlcIH
3aBnaKa
LJe)lOBo

~. jBl1crpHl\a .. .

·lflPHjenOJhe .
ByKollIHn

.._ I1011CpCKH MCTKoBHn
Paunca
IBarpare
PH6HHlla
Mnaasa
Yurhe
):(~BH~

6,5
2
2

J 3,5
1,5
7
8

3,5
4

5,5.
2,5
10
7,5
4
5

.8,~

},75

'''·'··il

L·Le I L·Le II
JT:: ~lu'lsr I' t; :I

i

knf I knf .Lh I
566,83 L\52,051 Sil

.1..0.. 5...3..,09 ' 270 16 I 9 5

I .... ' .,' 1'1·· 1:
11956,97 478,41

2214,29 I .. 589,95 16 i

2
345273,8,720 I" 119,33 7 I

540,37 16
7,51381,43 I 89,23

44623 II 91,06 8 I
52~:n 95,68 7 I;
345,38 I 59,12 6,511

85~81 14,15 415,,251
131,48 .22,99
1081,91 264,10
2302,99 579,15 15!1
1504,03 373,50 12 ii

"378010 .914,64 19 '!, J, I,
671,38 r 168,28 ro :. r Ii

2615,62 ~;;~~ '[111
X~{~~ II!I its6s\ 12

1

1

~~~:~~~~:~; T.•. II

437,33. 89,65 8 Ii
491 33 ! 85,42 9 li

2241',0781... I 5,60 2,5 I;
4,64 I 2,5

104,64 , 17,89 '5
14,46 2,35 12

80) ,50 198,46 ••.. 11 ,I
794,80 248,83 I 11,5!i

85,35L§,42 4
5'5

1

' :.1'

11 0,25 19,~0

493,48 134,29 7~51
57,7913,89 3,51

.2247,53 455,00 1125 'I

110~,24 2~,67

In21 2~,94 5,5 I
28~,3~ .50,68 7,5 ..[1
1097,75\78,56 12 i

95,82 16,48 5 J!



Bpeue xaunsea,a orauaja na 6yjW-IHI1M Cnl1BOBI1Ma y Cp6l1jl1

Ta6eJIa 1. Yna:ull1 nO.L\aI\11 aa ananasy speaeaa xaunsen.a tp (HaCTaBaK)
Table 1. Input data for analysis lag time (continue)

4
4,5
6,5
7

4,5
2
3
2
7

21
18
11
14
8,5
7
10
4
1
15
11
8

7,5

L·Le

.JJ:;
k,J

181,69 29,17

248,98 II 444.,6,..1.
4528,24: .

23,38 1 3,41
1792,65 f 475,84
3478,24 817,52
3084,7Q II" 785,71

56,45
2~~,59_ . _-1154,05
259,77 60,07
86,24 Ii, 20,85
124,77 28,10
301,82 I 68 52
255,33 I .55:58
73,76 ' 17,43
16,13 ( 2,98

i1:~~ r ;:~~.-
268,33 I 66,70
6798,29 ,I 1760,15
3987,89 862,55
1208,93 I 252,57
1831,50 I . 405,23

~~~:i~ I~~:i~
703,18 '('_ 136,11
54,74 11,32

2592,65 I 599 47
273_3.,89 ,632:12

816,53 I'.. 195,66
517,47 109,13
353,88 I,' 65,73
1350,55 268,20
2853,081 581,13
1438,05 328,18
881,84 .( 164,60

_502,71 ' 98,28
~25,22 l- 121,92

_2.6.4 ,.3_6_ 1 56 75
_47s,:ZO .•• -~9:0r
~17J8 82,66

4,~

3,5
.1,75

:l,5

1
1
,; 5

15

1 12,5

I ~

IH
i 3 I

~i:ll15 ,5
5,5

1 1
82

8
7
6
6

_II 5'l
.5,5j

IlPOlllUJI6poj Pexa

I .
42 !JI()naTHI1l\a
43 Jourannua
44 I'B03.L\a'lKa
45 COKOJba

Jacenmta
:PecaBa
Jlenemrua

49 Paaanana
50Uplll1Qa
51 IBennna
52 i ()CallI1Qa

~~ I'~~~f~ri~~a

Hli:~::I;~:Ka
58 I' Bennna
59 )J,yneliKa

6°1~~~;:a

~~ 1~::I1TI1MOK
64 [Mnaaa
65 IBHTOBlIl1Qa66 jfPJll1lllKa
67 [Tpronnuuc» TI1MOK
68 iqpllajKa
69 !.TYlKlla Mopaaa
70 irIycTa
71 ... \MOpaBI1Wl
72, fa6epcKa
73 .!KYrHHCKa

~~ 1~6;:~iQa

76 l~;:~~~
78 JIylKHI1i\il

TOnOIlI1'1Ka
Bacosnua
KOCaHI1Qa
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PaTKO PHCTHn

Ta6eJIa 1. Ym13HH TIOl\aUH sa aHaJlH3Y npevena xaunsen.a tp (HaCTaBaK)

Table 1. Input data for analysis lag time (continue)

L·Le
I

L·Le TeEpoj PeKa .JT: j )Tu'/sr

knf L knf

83 lronJlHua CeJlOBa 428,14 74,77 8,5
84 !JepMa ~ CTpa3HMHp()BUH 57,75 11,22 4
85 ,BHCO'lHl\a Hsaroaan 158,93 33,36 6

I86 ~ i_BHHa'lKaMopaBa Kocoscxa BHTHlIa 124,02 ,I ~1,53 5
87 Ja6J1aHHl\a CHjapHII(;Ka Balha.~ i I<t,86 4,5
88 DycTa rOplbH Bpccrosau I 15,77 5
89 Kosapcxa Tynanoaun 5 I 38,53 7
90 TOTIJlHl\a Maroso 4,5 142,28

I
24,77

91 JlYKoBcKa .~Miprie3 3,75 123,60 18,49
92 BpaHKOBa'lKa j~116apUH i 4 135,70 , 20,99

-1--- I
93 Jbyfiarcxa LI3ocHJlerp~ ~ I 5 190,06 I 28,1 I

- )],HpeKTHe rrpnroxe Mopaanue, CJIHB 3ana)],He Mopase; Fpasanxa - nparoxa CHTHHue,
CJIHB 116pa), y pacnony nospunma 0)], A=5,1-95,9 km2, npeva peJIaUHjH (13) )],06Hjajy ce
spennocra speueaa xaunsersa tp Mal:be aa 5,17-16,40% (Ta6eJIa 2, KOJI. 7). TIoCJIe)],H4Ho,

apenuocrn npornuaja Qmax(l%) Benecy sa 4,29-14,51% (Ta6eJIa 2, KOJI. 9).

PeJIaUHja (14), y xojy je YKJhY4eH napaverap cpemser I-JarH6a repena y CJIHBy /sr'

nnje nOKa3aJIa nooorsnran,e KOpeJIaTHBHHX aesa y O)],HOCy ua penaunjy (13). PeJIaUHjoM

(15) )],eqmHHcaH je O)],HOC H3Mefjy apeueaa xaunsen,a tp H spesrena KOHueHTpaUHje Tc'

lliTO npezrcraarsa H3paJ cneUlrl(pH4HHX yCJIOBa y KojHMa )],OJIa3H )],0 <jJopMHpalba MaKCH

MaJIHOr npornuaja aa CJIHBOBHMa y Cp6Hjl1.

HaCTaBaK acrpasomatsa 6Hne ycvepen na rrojemme xareropaje CJII1BOBa rtpeva

KpHTepHjyMHMa, KOjH he 06yxBaTI1TI1 <jJH3114KO-xH)],porpa<jJcKe KapaKTepHCTHKe (BeJIWIH
aa CJIHBa, rycrnaa xnnporpaipcxe Mpe)J(e, npocesna Ha)],MopCKa BHCI1Ha), MeTeOpOJIOlli
KO-KJIHMaTOJIOlliKe oc0611He (pe)J(HM nanasaaa), )],OMI1HaHTaH THII aereraunonor nOKpH

sasa, I1H<jJHJITpaUHOHe KapaKTepl1CTHKe 3eMJhHlliTa. Y04eHO je )],a KBaJIHTeTHe 6YKoBo-je
JIOBe urysre HMajy 113Y3eTaH HHTepuenTHBHH KanaUHTeT (P HCTHn , M a u aH, 2002), urro
Y canejcrsy ca KBaJIl1TeTHHM 3eMJhHlliHHM TBopeBHHaMa (KHCeJIa cMefja 3eMJhHlliTa) 3Ha

l.JajHo nponyacaaa speve xaunseisa. Cyce)J,HH CJIHBOBH ca paJJIH4HTHM BpCTaMa serera
UHOHor nOKpHBa4a noxasyjy anasajne pa3JIHKe y pe)J(HMy orauaa-a (P Hcr u h , M aua H,
1996), )J,OK paJJIH4HTe reonounce <jJopMaUHje ua HCTOM CJIHBy yraxy Ha H3MelbeH pe)J(I1M
BeJIHKlfX sozta ua Iloje)],HHHM npo<jJHJIHMa (H HKHh , PH CTn h , 2002). Bpeve xaunsen.a

Moryne je rrpoy-urra If ca acnexra )J,OMI1HaHTHOr <jJaKTopa KOjlf lf3a3lfBa rrojaay MaKClf
MaJIHOr nporauarsa, xao urro cy xparxe xmne jaxor lfHTeH3HTeTa (P If CTHn et al., 1997).
Y Cpfiuja nocroje peraomr rne ce OKO 80% MaKClfMaJIHe )],HeBHe KOJIHl.JlfHe nanaanua
H3JIy4yje y lfHTepBaJIy 0)], 120 MI1HyTa (P HCTHh , 1992), a pacnonena MaKCHMaJIHHX
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. ~~= 1~=~~I· ••····~cI.~i; ••• J··~;r.··~.·.!•.••··tpl'~D1··!:·~)l ~~:~::)]
jkn?Jk",-.~",-J%~l.L.~ ~~ J "ts~t._L .. "l·t ..1'

Et~i-H4:tE~J =H!-EitJJJt-tttf*lHHi-1

TaoeJIa 2. Pe3YJITaTH rrpopasyna Qmax
Table 2. Results of Qmax calculation

11"c=c;~~~

il River

Ii lli~~~pc~~~c
licYB~MopaBa ..
il Pt:IlHHCKa .

Ilt::~~:a .
!lI~;~~:~a·· .
II1lYl.JKa

nporauan,a noxasyj e ce30HCKH xapaxrep (P HCTHh, 2000). TI03HaT je erpexarBO)l,HO-Ba3
)l,yUIHHX oc06HHa nojenannx THnOBa 3eMJbHlIlTa H namma lhHXOBor xopanrhersa (P Hc
THh et al., 1997) na HHTeH3HTeT HHQ>HJlTpaUHje, npeve xaunseisa H MaKCHMaJIHH npo

rnuaj (P HCTHn et al., 2001). PeaJIH3aUHja nan-ax acrpaacnaatsa apesrena xaura.en.a,
nopen annHKaTHBHe (HH)KelhepCKo-npojeKTaHTcKe) Bpe)l,HOCTH, ornapa MorynHocT Q>op
MHpalha CHCTeMa sa paay uajasy Ii ynosopen,e, lIITO 6H Y MHoroMe CMalhHno IIlTeTe 0)1,

6yj H'IHHX nonnasa (P HCTHn et aI., 2000).

6. 3AKJhyqu,u:

~ MaKCHMaJIaH nporuuaj onpehene sepoaaruohe 1I0jaBe Qmax(p) npencranrsa oc
HOBHH ynasun nonarax aa rrpojexrosan,e nO)l,y)J{HHX H 1I0npe'lHHX oojexara y

KopHTHMa 6yjH'IHHX TOKOBa. Bpejre xaunseisa tpje jenna 0)1, OCHOBHHX KOMlIO

HeHTH npopaxyaa BplIIHe opnnnare CHHTeTH'IKOr je)l,HHH'IHOr xnnporpaaa
qmax na He3HY'IeHHM 6yjH'IHHM CJIHBOBHMa. Bpoj MepHHX MeCTa xopatnheuux
y OBOM HCTpa)J{HBalhY, xao H )l,06HjeHH pe3yJITaTH Mepelhaosroryhnna cy CTBa
paise aajsehe 6a3e 1I0)l,aTaKa y )l,OMeHy XH)I,pOJIOrHje 6yjH'IHHX TOKOBa Cpfinje.

~ Bpeve xauusen,a tp aHaJIH3HpaHO je aa OCHOBy 1I0)l,aTaKa ca 93 XH)I,pOJIOlIIKa

npotpana ca CTaJIHHM ocsrarpatsnaa HHBoa sone. Hsnsojeaa je 3aBHCHOCT (13),
'1HjHM ce xopnurhetsea )l,06Hjajy Bene Bpe)l,HOCTH MaKCHMaJIHOr nporauaa.a

Qmax(p) y O)l,HOCy na penannjy (0), lIITO je y CKJIMy ca OIIlTpHjHM 3aXTeBHMa

CHrypHOCTH.

~ AOMHHaHTaH napaverap Harw6aje ypasnara nan TOKa I u' HaKO je y aHaJIH3aMa

xopaurhea H napaaerap cpemser narnfia repeaa y CJIHBy lsr' A06HjeHH O)l,HOC
speaeaa KalIllhelha tp H speveaa KOHueHTpaUHje Tc Up= 0,693· Tc)' yxasyje aa
ClIeUHQ>H'IHOCTH 1I0jaBe BeJIHKHX sona na repnropaja Cpfinje, jy)J{HO 0)1, Cane
H AYHaBa.
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PaTKo PHCTHn

~ EyjMqHe rrOTIJ1aBe eKCTpeMHMX KapaKTepMCTI1Ka (Hama nojasa; KpaTKO rpaja

lhe; BI1COK canpxa] qBpCTe 4>ll3e) qewne cy aa MalhMM CJIMBOBI1Ma, 360r xera

HY)I(HO noce yTI1Qaj JIOKaJIHI1X KJlI1MaTCKMx, oporparpcxnx M ep03110HI1X xapax

TepI1CTMKa. 06HM 11KBaJIl1TeT rronaraxa I1Majy onnysyjyhn yrauaj na seponoc
TOjHOCT KOpl1WneHI1X pemOHaJIHI1X 3aBI1CHOCTI1, tra OCHOBy KOjl1X ce 06aBJDajy

npopasyna MaKCI1MaJIHOr nporauarsa,
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Ratko Ristic

LAG TIME ON TORRENTIAL CATCHMENTS IN SERBIA

Summary
Torrential floods arc the most frequent phenomenon in the arsenal of natural disasters, in

Serbia. Frequency of event, intensity and diffusion, in the whole territory, make them as permanent
threat with consequences in economic and ecology sphere. Climate, specific characteristics of re
lief, distinctions of soil and vegetation cover, social-economic conditions have done that the oc
currence of torrential flood waves is one of the resulting extreme forms of existing erosion process
es. The basic input data for designing of transversal and longitudinal objects in torrential beds is
maximal discharge. One of the main parameters for maximal discharge calculation on unstudied
catchments is lag time tp' Lag time was determined on the basis of processing of unit hydrographs

and deriving representative unit hydrographs, on 93 control profiles. Dominant physical-geography
characteristics were determined: magnitude of the catchment area A, length of the catchment area
along the main stream L, the distance from the centroid of the catchment area to the outlet profile
Le, average slope of the river bed'u' average slope of terrain on the catchment area 'sr' Lag time

and dominant physical-geography characteristics were the basis for deriving some equations with
regional significance (tp=f(L, Le, 'u); tp=f(L, Le, 'u' 'sr)' The relation between lag time tpand time

of concentration was determined (tp= f(Te»'
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