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MOJALIY O CUCTEMY

EnemenTu cucrema

CucteM Ha y3BOJIHOM Kpajy YMHU pe3epBoap ca JOBOJHHO BETMKOM 3allPEMHHOM J1a C€ HUBO BOJIE
Yy lb€MY MOXe cMaTpaTti KoHcTaHTHUM. OBaj pe3epBoap NpecTaBiba Y3BOIHA TPAHUYHH YCIIOB 32
cucreM. Pe3epBoap je aajbe 1IEBOBOIOM MOBE3aH Ca BOJOCTAHOM Ca MPUTYIIMBAYEM UCIPE] KOjer
ce Haya3u 3aTrBapad. HU3BoIHO 0/1 BOIOCTaHa ITOCTOjU TabIacTH 3aTBapay Ha IIEBOBOY KOjU BOIH
710 Mamer pezepBoapa ca TomrnconoBuM npenuBoM. [IpenuBena Boga ce u3 06a pesepBoapa BOIH
BEPTHKATHIM ILIEBOBOJMMA 10 pe3epBoapa Benuke 3ampemube (100 m°) Ha nomem HHBOY.
3axBasbyjyhu nomeM pesepBoapy u mymiiama, oOMOTyheHo je JAa cucteM OyJlie 3aTBOpPEH — BOjAa
KPYXKH KPO3 CHCTEM.
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Cnura 1. Ocnosna wema cucmema
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Y3BOJHH pe3epBoap

Be3HH 1eBOBOA u3Mely
pe3epBoapa M BOJAOCTaHa

MECTO Ha Koje ce
NMOCTaB/ba MepPay MPOTOKA
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BOJOCTAH U Y3BOIHH
N 3aTBapay

HHU3BO/JIHU 3aTBapa4
H I€BOBO/1

Cnuka 2. Enemenmu cucmema




MepeHe BCIIMYNHC

3a motpebe Gpopmupama Mojiesia U3MEPEHe Cy TUMEH3Hje CUCTeMa (JIy>)KUHE U TPEYHHUIIH ), Kao U
KapaKTepUCTUYHE KOTe. 32 Mepehe Cy KOPHUIUTEHHU JIACEPCKU JaJbUHOMEP U O0OMYaH MeTap.

W3mepene BpegHOCTH:

1) Kora nmona ycBojeHa je kao kora 0.0

2) Kora HuBOa y y3BOAHOM pe3epBoapy — 2.17 m

3) Kora HHBOA y HU3BOAHOM pe3epBoapy MpH mpasHom mnpenusy — 0.79 m

4) VY najbeHOCT IIEBOBO/IA O] ITOa Ha MECTY IIOCTaBJbarba Mepaya mpoToka — 13.6 cm
5) Kora ocoBuHe 11eBOBO/Ia Ha U3Ja3y U3 y3BOJHOT pe3epBoapa — 1.70 m

6) Kora ocoBuHe 11eBOBO/Ia y 30HU BojocTtaHa — 1.24 m

7) O6um neBoBoa (1iesoM aykuaoM) — 50 cm (crosparimu npedruk @160)
8) O6wum Bomocrana — 192 cm (Dy = 0.61 m)
9) O6um mpurymmusada — 98 cm (Dpr = 0.31 m)

10) Mamepene cy Ay KHUHE LEJOT [IEBOBO/IA 0 CErMEHTHMa — T00KjeHa YKyITHA AyKUHA
nesoBoaa L =10.1m

YJITPA3ZBYYHU MEPAY HUBOA

3a Mepewme HUBOA y BOJOCTaHy/pe3epBoapy KOPHILUTEH je yATpa3ByuyHU Mepad HUBoa (Ciuka 3),
KOju (DYHKIMOHHMILIE Ka0 MPeJajHUK U Kao MpHjeMHHK ynTpas3Byka. [Ipuniun pana je cnenehu:
ypehaj ca Bpxa pezepBoapa KOHTHMHYaJIHO MYIITa yATPa3ByK KOjU MyTyje oA ypehaja, 10 HUBOA
BOJIE y pe3epBoapy U Ha3aj J1o ypehaja, a MepeHa BelIMurHa je BpeMe Koje je MOTPeOHO yATpa3ByKy
na npehe HaBeleH! MyT.

Cruxa 3. Yampaseyunu mepay Hugoa



VYpehaj je npumermeH 3a Meperme HUBOA y HU3BOJTHOM Pe3epBOapy MPHINKOM HOPMATHUX yCIOBa
paga, Kao M 3a MEpPEeHE HUBOA y BOJOCTAaHY HAKOH yHolewma nopemehaja y cucrem (Hario
3aTBapame M HArjio OTBapame BOJOCTAHCKOT 3arBapada). MehyTum, mpe HaBeJCHUX Mepema,
UCIIUTaHA je Ta4HOCT ypehaja — mpopauyHaBa ce Op3WHA KpeTama YATpa3ByKa Kpo3 BazayX
MOPEJIN CE ca CTaHAapIHOM BpenHoihy koja uznocu 340 m/s.

Mepau HUBOA CMO MOCTaBUJIM HAa BPX CTAKJIGHOT LMIUHApA ca yecMoM npu nHy (Crnuka 4). 3a 6
Pa3IMYUTUX BPEIHOCTH HUBOA y HMIMHAPY ypehaj je Mepuo Bpeme noTpeOHO 1a yaTpa3ByK aohe
710 BOJIE U J1a ce BpaTH Ha3zal. Pactojame ypehaja o HMBOA BoJie Y MIIMHJPY j€ MEPEHO OOMYHUM
METpPOM.

Cnuxa 4. Cmaxnenu yuiunoap ca 4ecmom y OHy



Mepnu ypehaj ce npe mymiTama y panx moBesyje Ha padyHap, rae ce mpeko Arduino mporpama
Oenexe U3MEpPeHE BPEAHOCTH Y PEATHOM BpEeMEHY. Y MporpaMy ce Ie(pHHHUIIEe BPEMEHCKH KOPaK
ca KOJUM ce 3amucyjy pe3yararu (ycBojeHo 1 S), a BpeIHOCTH ce 1001jajy Y MUKPOCEKYHIaMa.

Ha ocHoBy 50 n3MepeHux BpeJHOCTH BpeMeHa (3a CBaKU O HUBOA Y IWJIMHAPY) BPIIH CE aHATTN3a
MEpHE HECHUTYPHOCTH Kako Ou ce m3bammiia HeaJekBaTHa Mepema. M30aiyjy ce rpybe rpemike,
OJIHOCHO BPEIHOCTH KOj€ MCIIaiajy U3 OIcera = 3 cTaHjapIHe JeBUjalH]e.

CraTucTidka MepHa HECUTYPHOCT C€ M3pakaBa MPEKO CTaHAapAHE JeBUjallH]e:
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@; - I0jeIMHAaYHA MEPEHa y CEPUjH;
(0 - HajBepOBaTHH]ja MPOILIEHA MEPEeHE BeJINUrHE (OOMYHO Cpefitha BPEIHOCT)

Hakon uzbanuBama rpyOux rpeiaka, mpeoctajia Mepema ce MOHOBO OCpe/IbaBajy, a J00ujeHa
Cpelba BpeIHOCT BpEMEHA € yCBaja Kao MPOCEYHO BpeMe MyTOBamba yITPa3ByKa 3a JaTH HUBO Y

UWIHHIIPY.
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Cnuka 5. Pesynmamu mepersa 3a di = 9.6 cm



dg = 108.2 cm
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Cnuka 6. Pesyrimamu meperba 3a dg = 108.2 cm

Ha npukazanum rpadunuma (Crnuke 5 1 6) ce BUie U Tauke 4Mje Cy BPEIHOCTH OMJIe BaH OTcera
Aty + 3 - ug, TO Cy T3B. Ipy0O€ IPEILIKE U OHE CE HE Y3UMajy Y pa3MaTpame 3a IpopadyH Op3uHe
3ByKa (pe3ynrtartu rpadUuKy IPUKa3aHU 3a IPBO U Hocieamhe d).

HakoH mito ce oapeny cpebe BpeMe IyTOBamba 3a CBE BapHjaHTe, LpTa ce 3aBUcHOCT Ats/2 (d)
npukazaHa Ha Ciunu 7, pu 4eMy ce y3uma BpeaHoCT Ats/2 3aTo mo je mena BperHoct Ats Bpeme
KOj€ je HoTpeOHO yITpa3ByYHOM TaJjlacy Jia Aohe 10 HUBOa BOJIE U Jla Ce BpaTH Ha3aj, a HaMa Tpeba
caMoO BpeMe 0 HHUBOA. 3aTUM Ce MPOBJIAYM IpaBa KpO3 €KCHEpUMEHTaJHe Tauke (JMHeapHa
3aBHUcHOCT). Haru6 npagse nmpeacrasiba Op3uHy yITpa3ByKa.

120
100

80 L

d (cm)

40

20

0.0 0.5 1.0 15 2.0 2.5 3.0 35
At /2 (ms)

Cnuka 1. 3asucnocm Atgl2 (d)



d(cm) | Ats(ms) | Ats/2 (ms)

9.6 0.54 0.27

28.1 1.67 0.83

67.4 3.88 1.94 c= 34753 m/s
80.4 4.66 2.33

95.1 5.46 2.73

108.2 6.25 3.12

JloOujeHn pe3ysiTaTu Cy MOKa3ai Jia je mpopadyHara BPEAHOCT OJIMCKa CTaHAapIHOj BPEIHOCTH
Op3uHe yirpasByka y Ba3ayxy (C = 340 m/s) u na je Taunoct ypehaja 3amoBosbaBajyha.

YJITPA3ZBYYHU MEPAY ITPOTOKA
SebaKMT — UDM 200

[IpenocuBu mepay nporoka ,,UDM 200 ciy»xwu 3a onpehuBame BeTmunHe MPOTOKA BOJIE KOja TeUe
KpO3 LIEBOBOJ1 Y paJHUM yciioBuMa. [lorosas je 3a Mepema y TOKy HOpMaJTHOT pajia, jep Ce MepeHe
BPILIU Ca CIIOJbAIHET 3U/Aa 1IeBH U 0€3 AUPEKTHOT KOHTAKTa ca BOJCHUM TOKOM, IITO 3HAYH Ja
HUje MOTPeOHO J1a ce BOJIOCHA0 /IeBabe MPEKKIa U J1a ce HapylllaBa KOHCTPYKI[Hja LIEBOBOAA.

['nmaBHM A€70BU KOMILIETA 32 MEPEH-E jeCy 3alUTUTHA KyTH]ja, MEPHA jeIMHULIA, TPUMONPEAajHULH
(Tpancaykropu) u npareha onpema (Iymad, JaHIK 3a MPUIIBPIIhaBake TPAHCIYKTOPA, YeTKA 32
yuihemwe 11eBU, Kabil 3a TOBE3UBAE C pPAUyHAPOM...)

MEepHAa jelMHULA

UDM 200- |
\ 24100116

Cnuka 8. Yampaszgyunu mepau npomoxa — MepHa jeOuHuya



TPAHCAYKTOPH (IPUMOINPeIajHUIIH)

JIEHl-UP 32 Mepeme pacTojama

MacT nomohy koje ce
usMmely riasa

nodospiIaBa Be3a usmely nesu n
NPUMOTIPEIAjHUKA

Cnuxa 9. I[locmasmaree npumonpeoajuuxa Ha yeo600

VYpehaj mepu nporok momohy ynrtpa3zByunux curhaina kopuctehu T3B. ,transit-time“ merony.
I'maBe ynTpa3By4HOT Mepaua IMPOTOKAa UMajy JBOCTPYKY YJIOTY: €MHUTY]y YITPa3BYK Kpo3 IIEB, a
paje ¥ Kao TPHjeMHHIM OJOHMjCHOT YATpa3ByKa — IOHAIIAJy CE€ Kao MPHUMOIPEIajHUIIH.
[TocTaBsbajy ce Tako Ja jeHa r1aBa EMHUTYje yATPa3ByK y HU3BOJHOM CMEpY, a IPYTa y Y3BOAHOM.
[TomTo BOma y LeBM Tede, BpeMe INPOCTHpama yITpa3Byka HU3BOAHO je Kpahe on BpemeHa
MyTOBama CUTHANA y3BOJMHO. Ypehaj Mepu pasnuky m3mely Ta JBa BpeMeHa MyTOBamkba U Ha
OCHOBY He ojpel)yje cpelimy Op3uHY TOKa y 1IE€BH, Tj. IPOTOK Kpo3 1eB. [lomTo ce paau o MeToau
KOja 3a Mepeme MPOTOKa KOPUCTHU yIATPa3BYK, BoJia He Tpeba 1a Oy/ie uncrta, Hero Tpeda aa caapku
YEeCTHIIE O KOje YJITPa3ByK MOXKeE Jia ce OJI0H]e.

[TpunrkoM Meperma BaXKHO je YCIIOCTaBUTH J00py Be3y n3Mel)y 1eBoBoAa U TpaHcaykTopa. CBaka
HeuncToha Ha MOBPLIMHHU LIeBOBOJA (IpamuHa, ¢apba, pha) ynuja neo yaTpa3BydHOI CUTHAjIa
Koju ypehaj emutyje u TUMe ra cnabu, na je moTpeOdHO MPETXOIHO OUYUCTHTH MEPHO MecTo. Besa
ce MOoJKe 1Mo0oJbIIAaTH YIOTpeOOoM moceOHe MacTH Koja ce MOCTaBsba U3Mel)y ceH30pa U [IEBU KaKo
Ou ce eTMMHUHNCA0 Ba3ayX nu3mely mux.

[Tonoxkaj MepHOr MecTta ce OMpa Tako Ja MOCTOjU JOBOJbHA YyNaJbeHOCT OJ JIOKaIhja Koje
n3a3uBajy nopemehaje y BojeHoM Toky. Orpannuemna mpu u300py MepHe Tauyke Cy MpHUKa3aHa Ha
Cnum 10 1 ogHOCE ce Ha KOHKPETHY JAWCIIO3HUIU]y TTOCMAaTpaHOr II€BOBOJA, TJE UMaMO Camo
ckpetama noj yriom o1 90°. ITocToje u aqpyra orpaHnyerma Koja OBJIe HUCY pa3MaTpaHa, a 0JHOCe
ce Ha T-pauBe, mpommpema LEBOBOJA, CYXKEHa IIEBOBOJA, JIOKAIMje 3aTBapaya W Kajaa ce 3a
nmocTaBJbame ypehaja pazmarpa feo 11eBoBo/a y OJU3UHHM ITyMIIE.



Disturbance source: 90~bend
Inlet Outlet
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Disturbance source: 2 x 90~ bend on the same level
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Disturbance source: 2 x 90~ bend on various levels
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Cnuxa 10. Ozpanuuerna npu oopehusarbey meprnoe mecma

Hakon omabupa mMepHOT MecTa, MOHTUPaAjy c€ TPAaHCAYKTOPH Ha II€B Ha jelaH of JBa Moryha
Ha4YMHA — jeJIaH MOpe] JPYror WM Ha CYNPOTHHM CTpaHaMa IIeBH, Kao INTO je MPUKa3aHO Ha
Caumm 11. Jlyxa myTama 3ByKa J1aje Ta4HHja MEpema, alli Y UCTO BpEME CUTHAIT CIIa0H MPHINKOM
o/101jama O 311 IIEBH.

Ycnen orpannuema MpocTopa (1IeBOBOJA HEOBOJHHO MOJUTHYT OJ MO/Ia HAa M3a0paHOM MecCTy),
TPAHCIYKTOPHU CYy Y OBOM CIIy4ajy IMOCTaBJheHU ca UcTe cTpane 1eBu (Cnuka 9).

Arrangement of the transducers in diagonal Arrangement of the transducers in reflection mode
mode
Number of sound Sound path Number of Sound path
paths sound paths

| =
R [ VAN ) AVAVA

and so on
Cnuxa 11. Moeyhe oucnosuyuje npumonpeoajrura

10



VY 1abeHOCT Ha KOjOj c€ MPUMOIPE/IAJHULIA TTOCTaBJbajy 3aBUCH O] BuUIlle (akTopa (CroJballbi
MPEYHUK IIeBH, AcOJbMHA 3WJAa IIEBH, MaTepHjal OJf KOjer je IIeB HampaBJbeHA, arCoOJyTHA
XPaIaBoCT IIEBU, TEYHOCT KOja Teue Kpo3 1IeB, TEMIIEpaTypa TEYHOCTH KOja Teue Kpo3 11eB). Ypehaj
uMa MOTYhHOCT /a2 HaKOH yHOIIEHa MapaMerapa IeBH U (UIyuaa caMm Mpernopydd pacTojarbe
n3mely TpancaykTopa. lbuxoB monoxkaj ce KOpuryje npema mpernopydeHoj BpeaHOCTH momMohy
JIemUpa, a 3aTuM ce QuKcHupa momohy 3aTe3HHX JiaHala. Y OBOM CIIyd4ajy pacrojame u3mehy
TPaHCIYKTOpA je U3HOCHIIO 67.7 mm.

VY HacTaBKy Cy MpHKa3aHe KOMaHJIe 32 PyKOBakbE MEPHOM jeIMHHUIIOM, PACIIOJIOKUBE OIIHje, Kao
YU TmapaMmeTpu IieBoBoja M (ayuaa koje je moryhe yHetu y ypehaj. Takohe cy HaBeneHe u
MPETHOCTaB/LEHE BPETHOCTH MapaMeTapa 3a KOHKPETaH CHCTEM.

[Nammeme ypehaja

>PAR< mea opt sf
Parameter

° ° e KoMaH ie 32 MaHUITYIMCAEEe YHECEHUM MOJaluMa

Jlucraru omnmuje A0K ce He MojaBu “Par’ ¥ MPUTUCHYTU
Enter — mpenasu ce Ha yHOC apaMeTapa

Guter Diameter Criospallitby IPEYHHK [EBU Y MIJIMMETPHMA
100.0 Inin Yuero: 160 mm

Wall Thickness JebrpuHa 3u1a eBH y MIJIMMETPHMA
2.0 tm YHero: 5 mm

Pipe Material 3 Marepujai o1 Kojer je HalpaBJbeHa eB

gteel (Normal) YHeTo: 1acTuka

Lining Ja 1 je neB obnoxkeHa? (ako jecte — YIMyTCTBO)

no SYES< VHeTo: 11eB HUje 00JI0KEeHa

Roughness ATIICOJIyTHA XPanaBoCT 1IEBH Y MUJIUMETPUMA
0.4 m Vuero: 0.3 mm

11



Med ium T TedHoCT KOja CTPYjU KPO3 LB
Hater YHero: Boaa
Medium Temperat. [IpoceuHa Temmeparypa TEUHOCTH

20.0 °c Vrero: 16°C
Additional cable [ponyxeme kabya y MmeTpuMa (aKo je moTpeOHo)

65 .0 m Vrero: 0m
Mepeme
Hako oca rmapamMerapa n3adpatu ,,mea‘ momoh
par >MEA< opt sf HyH flapameTapa u3abpati ., HOMOny
, CTpenuIia
Measuring
Sound Path Iozemaname MyTa 3ByKa. I10:keJbHO OCTABUTH
1 NUM MIPETIOpyIeHY BPEIHOCT, aKo je Moryhe.

Transd. Distance Pacrojame n3Mel)y TpaHCIyKTOpa y MHIMMETPUMA

54 mm Diagon (mpenopy4eHa/cTBapHa BPEIHOCT)
Jo6ujeno: 67.7 mm

5= INEEEN WHTEH3UTET yITPa3By4HOT CUIHAIA
H->0 = 54 mn! (ToxeJpHO je a Oyie MITO jauyu v CTAOWITHU]H)
Transd. Distance? IToHOBHA MOTBP/A pacTojama u3Mely Tpancaykropa
53.9 mm (yxomuKo je Omito moTpebHO KOPUTOBaHE MOJI0KAja)

Volume flow
54.5 m3/h VYpehaj 3anounme Mepeme

3a BpeMe Mepema
ITomohy ctpenuna 6upamo na nu he ypehaj npukazatu
TPEHYTHU MPOTOK WM YKYITHY 3alPEeMUHY

Cnuxa 12. Onyuje u komanoe 3a pyKoearbe MepHOM jeOUHULOM YIMPA38YHHOS MEPAYA NPOMOKA
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NCIIMTUBAIBE CJIAI'AIbA BPE/JHOCTH NTIPOTOKA JOBUJEHUX
ITOMORY [ABA YPEBAJA

HakoH yHONIEWa NPETIIOCTaBJbEHUX BPEIHOCTH TPAKECHUX Mapamerapa y mepad INpOTOKa,
TectTHpaH je pan ypehaja y pemoBHMM ycioBuMa. TadHOCT MPETIIOCTaBJbEHUX BPEIHOCTH
napameTapa HCIuTaHa je nopehemeM mpoToka JoOMjeHUX IMyTeM Mepada MPOTOKa ca MPOTOIHUMa
nobujeHuM nomohy mepaya HuBoa. CHMyJTaHO jé MEPEH MPOTOK KPOo3 IIEBOBOJA MOMOhy 00a
ypehaja, mpu pa3aTuuUTAM CTEIIEHUM OTBOPEHOCTHU 3aTBapaya HU3BOJIHO Ol BoJocTaHa. Mepema
Cy cIipoBefieHa 3a 4 cTerneHa OTBOPEHOCTH 3aTBapaya, MpHU YeMy je HAaKOH CBaKe IMPOMEHE Ha
3aTBapady OO MOTPEOHO caueKaTH Jia ce TeUYCHE Yy IIeBOBOYy ycTanu. [IpoTok je 3a 06a ypehaja
N00HjeH TIOCPEIHO:

1. VYuarpa3By4yHu Mepad MpOTOKa — MPOTOK je JoOujeH BoiyMeTpujcku; ypehaj Oenexu
YKYIIHYy 3allpeMHHY BOJI€ KOja TPOTHYE KPO3 IEBOBOA TOKOM HEKOT BPEMEHCKOT
uHTepBana. Mepu ce KymynaTuBHa 3anpeMuHa TokoM 60-70 cekyHaM, Ma ce AeJbeHhEeM

U3MEepeHe 3alpeMUHe ca TpajalbeM HHTepBaia J001ja MPOTOK KPO3 LIEBOBO:

AV
Qmer = A tmer
mer

[“/s]

2. YartpasByyHW Mepad HHBOa — ypehaj je cBe BpeMe IMOCTaBJbEH HAa BPX HH3BOJIHOT
pesepBoapa (Ciuka 13) 1 KOHTHHYaJTHO MEPH BpeMe MyTOBaba yJITpa3ByKa o1 ypehaja, 1o
HUBOA y pe3epBoapy U Hazan a0 ypehaja. OcpenmaBambeM MEPEHUX BPEIHOCTH BpPEMEHa
NyTOBaWka M y3 MO3HATy Op3uHYy yJATpa3ByKa J10jla3u ce /10 pacrojama usmely ypehaja u
HHBOA BoJie. [IpBO je M3MepeHo pacTojame MpH MOTIYHO 3aTBOpeHOM 3aTtBapady (do), a
3aTHUM Cy MEpeHa pacTojama 3a pa3MaTpaHe BapHjaHTe OTBOpeHoCTH 3aTBapaua (di). 3a
onpehuBame NPOTOKAa KOPHINTEH je TOMIICOHOB TpeNWB Ha W3JIa3y W3 HU3BOIHOT
pesepBoapa (Cnuka 14). Jlobujena pactojama Aajy 1e0JbUHY MPETUBHOT MJIa3a, a MPOTOK
ce pauyHa mpeko cieehe jeTHaunHe MpeTBamba;

8
Q=g m: /Zg-hp,l-s 1000 [L/4]

TIpH YeMy je: hyi=do—d;, m=0.6

Pesynratu Mepema npukasanu cy y cieaehoj rabenu:

do(m)  0.235
i [ dim) | hom) | owws) | ave) | ats) | ow ws) | aQ ws)
1 | 0100 | 0.134 9.36 611.13 65 9.40 -0.04
2 | 0117 | o118 6.75 423.48 63 6.72 0.03
3 | 0097 | 0138 10.04 697.16 70 9.96 0.08
4 | 0184 | 0051 0.83 64.70 70 0.92 -0.09
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He jaBsbajy ce 3HauajHMja OACTYIama W3Mel)y mapoBa U3MEPEHUX MPOTOKA, IITO TTOKazyje Aa Cy
napaMeTpy YHETH y Mepad MpOoToKa ONUCKU peaTHUM BpeaHocTuMma. MelyTum, ojacTynama HeE
npare jefaH TPEeH/I, jaBjba Ce M MO3UTHBHA U HEraTUBHA Pa3linKa n3Mely M3MEepeHUX BPEIHOCTH
MPOTOKA — Mepera Ou BEpoOBaTHO TpeOao MOHOBUTH.

YJATPa3By4YHU Mepay HHBOA, OCTAB/bEH Y
JKe/beHH I10J105KAj U NIOBE3aH €A PA4YyHAPOM

HeMa NpeJuBambAa, ,
3aTBapay je 3aTBOPEH

Cnuxa 14. Tomnconos npenug
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3aTBapay OTBOPEH, BO/Ia ce
NpeJuBa U OTHYE Y TOHH
pe3epBoap

Cnuka 15. Ilpenusarve npexo Tomnconosoe npeausa npu noOmMnyHo 0mMeopeHoM 3ameapavy

PE3YJITATHU MEPEIbA HAKOH YHOULIEIbA IIOPEMERAJA Y
CUCTEM

Hakon tectupama ypehaja npu HopMaaHOM pajay cuctema (YCTaJbeHH YCIIOBH), UCIIUTAHO j& KaKo
ce Mepaud MPOTOKa M HUBOA MOHAIIAjy TOKOM TpaH3WjeHTHUX jaorahaja, Tj. HAKOH H3a3UBamba
Op3ux MmpoMeHa y cucteMmy. Mepema cy BpIIeHa 3a JIBa KapaKTepUCTUYHA CITydaja:

1. marjo 3aTBapame BOJAOCTaHCKOI 3aTBapauya,

2. Harjo OTBapame BOJOCTAHCKOT 3aTBapaya.
MEPEHE BEJIMYMHE: mpotok kpo3 meBoBo 1 n3Mel)y y3BOJIHOT pe3epBoapa U BOIOCTaHA U HUBO
BOJZI€ Y BOJIOCTaHy. Mepema 3aounmky Mpe YHOIIeHka Harllor nopemehaja y cucreM, a 3aBpiiaBajy
ce KaJla Teuerme MocTaHe ycTajbeHo. Pa3nuka y o1HOCY Ha IPETX0JHA MEPEa JeCTe IITO MEpEeHe

BEJIMYMHE HE OCIIMIY]y OKO HEKe Cpellih€ BPeIHOCTH, Hero ypehaju Oenexe HEYCTaJbeHOCT Tj.
MMPOMEHY BeJIMYMHA HAKOH M3a3uBama nopemehaja.

ViTpa3BydHu Mepad HHBOA Ce caja MOCTaB/ba Ha Bpx Bogoctana (Ciuka 16), a Mepayd mpoToka
0CTaje Ha UICTOM MECTY Kao U TOKOM MPETXOJAHUX Mepemba.
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3a norpebe Qopmupama pauyHCKOr Mojena, Ouie cy moTpeOHe cienehe BenuuuHe: 0OUM
(mpeuHuK) LEeBOBOA, BOAOCTAHA U MIPUTYIINBAYa, Ty>KWHA [IEBOBO/IA, pacTojame o noja (kora 0)
70 HUBOA y Y3BOJHOM pE3epBOapy, pacrojame OJ HHBOA Y Y3BOJHOM pe3epBoapy A0 Bpxa
BOJIOCTaHa, Ka0 M pacTojame m3Mel)y Bpxa BojocTaHa M KOTe ca koje kpehe ynrtpasByk (map
LIEHTUMETapa, 300T KOHCTpYKIHje ypehaja).

mocTaB/bambe MEpavia HUBOAa
Ha BpX BOAOCTaHa

Cnuxa 16. Ilocmasmwarbe mepana Hu8oa Ha 6pX 6000CMAHA
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N3mepene cy cienehe BpenHocTu:

Pacrojama d (cm)

kota 0 - y3BOJIHH pe3epBoap 216.6
y3BOJIHU pe3epBOap - BpX BOJOCTaHA 46
BpX BojlOCTaHa - ypehaj 2

Opnaspe cienu J1a je HUBO BOJIC Y BOJAOCTaHY:
Zmer =216.6cm+46cm — 2 cm — dyer

VY ciydajy Harnuor 3arBapama 3aTBapaua, npe u3azuBama nopeMehaja youene cy 6p3e ocuumiaiuje
HUBOA OKO jeJHE BPEIAHOCTH, Ta je TOYETHH JIeO Iujarpama arnpoKCHMHpPaH KOHCTaHTHOM
BpeaHoIhy Koja je jeJHaKa Cpemh0j BpEAHOCTH HUBOA TOKOM pa3MaTpaHor Meproa.

3a W3MepeHe BPETHOCTH HHUBOA y CIIy4yajy HArJior OTBapama 3arBapada, IPHIMKOM o0paje
noJiaTaka je u3BpuieHa (GpuiTpanyja nojaraka MeTo0M IMOKPETHE CPEIbe BPETHOCTH:

i+2

1
Zeiei = < szer,i
i

M3mepenn HuBoM (HAINO 3aTBapame, IIpe 0opae)

230

220

210

200

190

Z (cm)

180
170
160
150

140
0 50 100 150 200 250 300 350 400 450

t(s)

Cnuxa 17. Hzmepenu nueou y 6000cmany npu HA2I0M 3ameapary, npe oopaoe
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Zgi (cm)

Z (cm)

230

220

210

200

190

180

170

160

150

140

230

225

220

215

205

200

195

190

N3mepenu HuBOM (HAIJIO 3aTBapame, HAKOH 00pase)

50 100 150 200 250 300 350 400

t(s)

Cnuxa 18. H3mepenu Husou y 6000CmaHy npu Ha2ioM 3ameapary, HAKOH 0opade

W3mepenu HUBOM (HATIO OTBapame, Ipe 00pae)

50 100 150 200 250 300 350 400
t(s)

Cnuxa 19. Hzmepenu Hugou y 6000cmany npu Ha2iom omeaparsy, npe obpade
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M3mepeHn HUBOM (HAIIO OTBapame, HAKOH 00paje)
230

225

195

190
0 50 100 150 200 250 300 350 400 450

t(s)

Cnuxa 20. H3mepenu Hugou y 6000Cmany npu Ha2iomM omeapar)y, HAaKoH oopade

N3mepenu nporouu
12

10

Harimo 3aTBapame

Haruno otBapame

Q (Lfs)

0 15 30 45 60 75 90 105 120 135 150
t(s)

Cnuxa 21. Hzmepenu npomoyu Kpo3 ye806800 npu HaA2IOM OMEApary u 3ameapary 3ameapaid
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P®OPMUPAILE PAYYHCKOI' MOAEJIA

Cnenehu xopak jecte GopMuUpame MaTeMAaTHYKOT U HYMEPUYKOT MOJeia 3a o0e BapHjaHTe
npobinema. [IpumermeH je MoJien KpyTor yaapa Ha OCHOBY KOjer ¢ PauyHCKH J100H]jajy BPeIHOCTH
MPOTOKa KPO3 IIEBOBOJ M HABOU BOJC Y BOJOCTaHY TOKOM IOCMATPAHOT BPEMEHCKOT IMEpPHO/a.
MepeHe BpeHOCTH MPOTOKA W HUBOA MPU yCTaJbeHOM TEUCHY KOPHINTCHE CY 33 JCPUHHUCAE
MOYETHUX U TPAHUYHUX YCIIOBA.

MaremaTuuky MoJied BOJOCTaHa ca IIpUrymnuBadcM

IIr
£
- I
Dy, A, !
.
—_—
1
Dpr, Apr, E_\pr

}\oef, Dc 2 T 2
Qc e QV ﬁ Qniz
/ —
Lc

1 0.0
—v

Cnuxa 22. OcHosHa wema 6000CMana ca NPUSYUUBAUEM

J €IHAYMHA KOHTUHYMUTETA 324 BOOOCTAH:

dly _ Qv
it A,

JluHamMHuuKa jeTHauYrMHa 32 [IEBOBO/I;

dQ. _ g4.
dt L

QclQcl

QVlQVl) 2/13]“

My — My — -
< R |4 fpr ZgApTZ DC3T[

I'pannunu ycinoBu:

[l = const.= 217 m

Qc= Qu + Qniz > Qv = Q¢ — Qpiz
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Hymepuuku Mmozen, NO4eTHN U TPAHUYHM YCIOBU

l-[n+1 H]‘r/l B Q_I‘r/l
At Ay

Qy
l-[n+1 l-[ At —~2L 1%
14 + AV

Q- QF _gAc (M Amy o QRIQR e
7Tt ol U S el vy g HOH
pr

gA. My + 1y QuIQFI\ 24
n+l _ nn At M, — _ nion
QC QC + < Lc < R 2 Epr ngprz D 3 Q |Q |

Qy = Q; — Qg

I'pannunym ycnoBu:
» HAarJjo 3aTBapame:

[Ig = const.= 2.17m

20 Q,=0", 0y = 0

niz

» HAarjo oTBapame:
[Ig = const.= 2.17m
m3
t=0: Qniz = Qustaljeno = 0.0095 5
[ToueTHu ycnoBu (IpoMeHe ce JelIaBajy TPeHyTHO):

» Harjo 3aTBapame:

(0) _ ) _ m 0 _ 4 m ) _ m
M,” =152m ¢ =0010—= Q,=0— s =0.010 —
» Harjo OTBapame:
(0) _ © _ 4m (0) (0)
I,” =217m ¢ =0-— sz_00095— — 0095—
[MorpebHe nrMeH3Mje cuctema
Ov (m) 1.92 IToueTHe MMPETIIOCTABJLCHE yCBOjeHI/I
D, (m) 061 BPEAHOCTH IapaMeTapa CUCTEMA BPEMEHCKH KOPAK
A (M) 0.293 D. (m) 0.15
Lc (m) 101 A: (m?) 0.018
Opig(m) | 098 et 0.099 AL(s) 1
Dprig (m) 031 épr 01
Aprig (mz) 0076
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KAJIMBPAIINJA MOJIEJIA U1 PE3YJITATH

Bennuune xoje gurypumry y jegHadyMHaMa MaTEeMaTHYKOT M HYMEPUUYKOT MOJeNa, a Koje HHje
om0 moryhe uameputu cy cieaehe:

1) yHyTpammu npeyHuk 1eBoBoga D, OHOCHO CTBapHa MOBPIIMHA IONPEYHOr IpeceKa
eBoBoaa Ac,

2) xoeuIHjeHT Ac KOjuM ce 00yXBaTajy JIMHUJCKH U JIOKAIHU I'yOHIIU JTy’K [IEBOBOJIA,

3) Kkoe(UIMjEeHT JOKAIHOT T'yOUTKa Ha BOJOCTAHCKOM MPHUTyIIHBaqy Epr.

Hagenene BesnmumnHe ce 3a MoYeTaK MPETIOCTaBE TAKO J1a CE HAJla3€ y HEKOM PEAJIHOM OIICETY, 1a
ce I’bUXOBE BPEAHOCTH KOPUTY]y HAaKHAIHO.

Hakon ¢dopMupama Mojena BpIIM ce MpopavyyH HHBOA M MPOTOKA Ca IPETIIOCTaBIJbEHUM
BpeIHOCTUMA TMapamerapa cuctema. Mzeja je nma ce mojien KaiauOpuine mnpemMa H3MEepeHHM
BpPEIHOCTHMA UCTUX BEJIMYMHA, Tj. 1a C€ OJIpeic MapaMeTpu CUCTEMA KOJU J1ajy HajOOJbE carame
n3Melhy pauyHCKUX ¥ MEPEHHX T0aTaKa.

Crarame MoJelia 1 MEPEHUX BPEIHOCTH MCKa3aHo je myreM RMSE koedunujenta (Root Mean
Square Error — kopeH cpember KBaJpaTHOT OJICTYyIama), KOjU MPHKa3yje MPOCEYHO OJCTYIame
BPEIIHOCTH JOOHjCHUX 110 MOJICITY OJ1 HF3MEPEHHUX BPEIHOCTH HEKE BEIMYMHE (CITUYHO CTaHIaP/IHO]
JICBUjalMj1, IPUMEIbYjE Ce 3a pa3InIKUTE ajli UCTOPOIHE MepHe BennunHe). Pauyna ce RMSE 3a
BPEIIHOCTH HHUBOA mpema cienehem uspasy:

N
1
RMSE = Nz(nmé'i - Hmer,i)2
i=1

[Tpunmkom kanuOparmje nuib je ceecTd BpeqHocT RMSE koedunujenTa Ha MUHUMAIIHY BPEHOCT
(1To Mame pazuiaxeme u3mely Mmoaena u Mepema).

Onpehene cy mo Tpu moryhe koMOMHaIMje TapamMeTapa 3a CiIy4aj Harjor OTBapama U 3a CIy4aj
Harjor 3aTBapama 3aTBapada. 3a oba Jorahaja jenHa BapujaHTa je ojpeheHa myTem pyuHe
kanuOpanmje Mojena, a nee npumenom Excel-osor momatka SOLVER. KamuOpanuja mytem
SOLVER-a 3axTeBa Jja ce 3a IPOMEHJbUBE BEIMUUHE e(DUHUILY U OINICE3U Y KOJUMa Ce pelleha
Tpaxke. JloOujeHa pemiewma Bapupajy Yy 3aBUCHOCTH OJf YHETUX Kpurepujyma. Pesynratu
popadyHa NpUKa3aHH Cy y HACTaBKY.

BAPUJAHTA 1 -PYYHA KAJIMBPALIMJA

Benuuuna | Pemewe - 3aTBapame | Pememe - oTBapame
D¢ (m) 0.1 0.14 RMSEaw (M)
Ac (M?) 0.0079 0.0154 0.0956
Aet 0.099 0.099 RMSEw (m)
Eor 0.1 0.1 0.0408
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Harmo 3arBapame 1. BapujanTa (HUBOU)

2.3

2.2

2.1

Pauyncko

Mepeno

1.6

15
0 15 30 45 60 75 90 105 120 135 150

t(s)

Cnuxa 23. Pauyncke u mepene 8peOHOCMU HUBOA Y 6000CMAHY NPU HALTOM 3aM8apary, eapujanma 1

Harno 3arBapame 1. BapujaHTa (IpoTOLN)
0.015

0.010

Mepeno

Pauyncko
0.005

Qc (M¥s)

0.000
0 15 30 45 60 75 90 105 120 135 150

-0.005

-0.010

t(s)

Cnuxa 24. Pauyncke u mepere 6peoOHOCU NPOMOKA Y Ye80800Y NPU HA2IOM 3ameaparsy, eapujanma 1
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Harno orBapame 1. BapujanTa (HUBOM)
22

2.15

21 Pauyncko

Mepeno
2.05

I, (m)

1.95

1.9

1.85

1.8
75 90 105 120 135 150

t(s)

o
=
3
w
o
S
o
o
S

Cnuxa 25. Pauyncke u mepene 8pedHOCU HUB0A Y 6000CMANY NPU HALIOM Omeapary, sapujanma 1

Harno otBapame 1. BapujanTa (mpoTonu)
0.012

0.01

0.008 MepeHo

Pauyncko

0.006

Q¢ (Mfs)

0.004

0.002

0 15 30 45 60 75 90 105 120 135 150

t(s)

Cnuka 26. Pauyncke u mepene 6peoHOCU NPOMOKA Y Ye80800Y NPU HALIOM Omeapary, sapujanma 1
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BAPUJAHTA 2 - SOLVER
Benuuuna Omncer Pewewe - 3aTBapame | Pemewme - oTBapame
D¢ (M) 0.10-0.15 0.139 0.150 RMSE av (M)
Ac (m2) | 0.0079 -0.0177 0.0152 0.0177 0.0243
Dt 0-1 1 0.1744 RMSEqw (M)
Epr 0.1-3 3 3 0.0246
Harno 3arBapame 2. BapujanTa (HUBOH)
2.3
2.2
_———— PR N —————]
2.1
2
§; 1.9 Pauyncko
=
1.8 Mepeno
1.7
1.6
15
0 15 30 45 60 75 90 105 120 135 150

t(s)

Cnuxa 27. Pauyncke u mepene 8pedHOCU HUB0A Yy 6000CMAKY NPU HALIOM 3AMeapary, sapujanma 2
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0.000 J
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\

Harmo 3arBapame 2. BapujanTa (IIpOTOIH)

-0.005

-0.010

25

t(s)

Cnuxa 28. Pauyncke u Mepere 8pedHOCmu NPOmMoKa y yego8ooy Npu HA2IOM 3ameaparyy, eapujanma 2

Mepeno

150



Harno otBapame 2. BapujanTa (HUBOM)
2.2
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Cnuxa 29. Pauyncke u mepene pedHOCU HUBOA Y 000CAKY NPU HALTOM OMEaparsy, 8apujanma 2

Haryo oTBapame 2. BapujaHTa (IpOTOLIH)
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0.009
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0.007

Mepeno
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75
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Cnuxa 30. Pauyncke u mepene 8pedHOCmu npomoKa y yegogooy npu Ha2ioM Omeapar)y, eapujanma 2



BAPUJAHTA 3 - SOLVER

Bennuuna Omncer Pewewe - 3aTBapame | Pememe - oTBapame
D (m) 0.10-0.15 0.15 0.15 RMSEza (M)
Ac (m2) 0.0079 - 0.0177 0.0177 0.0177 0.0229
Aef 0-2 1.27 0.175 RMSEqw (M)
Eprig 0-5 3.26 5 0.0245

Harmo 3arBapame 3. BapujaHTa (HUBOH)

2.3
2.2
Av oSS e ——
21
2

=3 PauyHcko
\E; 19 y
= Mepeno
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Cnuxa 31. Pauyncke u mepene 6pedHOCU HUBOA Y B000CMANY NPU HALTOM 3AMeapary, sapujanma 3

Harmno 3arBapame 3. BapujanTa (IpOTOIIN)
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Cnuxa 32. Pauyncke u mepene pe0HOCmU NPOMOKA Y Ye80800Y NPU HALIOM 3AmMeaparsy, sapujanma 3
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Harno otBapame 3. BapujanTa (HUBOM)
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Cnuxa 33. Pauyncke u mepene 6pedOHOCU HUBOA Y 000CANY NPU HALIOM OMeapary, apujanma 3

Harno otBapame 3. BapujanTa (IpOTOIIHN)
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Cnuxa 34. Pauyncke u mepene 8pedHOCuU NPOMOKA Y Ye80800Y NPpU HA2IOM OMEApary, eapujanma 3



SAK/bYYIIN

Ha ocHoOBY noOujeHuX pe3yiaTaTa 3akjbydeHo je cienehe:

— PauyHcKku npOTOIM ¥ HUBOM CE 3HAYAJHO Op)Ke MEHhajy y OJJHOCY Ha U3MEPEHE BPEIHOCTH,
IITO je MOCHenuIa MpUMEHE MoJeNa KpyTOor yjapa — IpeMa OBOM MOJENy, BoJa ce
1ocMaTpa Kao KpyTo TeJIo ¥ 3aHeMapyje ce leHa CTUIIJBIBOCT, IITO 3HAYH J1a CE TPOMEHa
Ha jeTHOM Kpajy ILIeBH IIPEHOCH TPEHYTHO Kpo3 1eB. [Ipema Tome, cmaTpa ce 1a je Op3una
UCTa y CBUM IpecernmMa 1esu. MehyTuM, Boga y CTBapHOCTH IOCEAYyje CTHILBUBOCT, U
notpeOHo je oapeheHno Bpeme 3a pacmpoctupame nopemehaja u mpoMeHy Op3uHE JTyXK
neBd. boska crmarama ca M3MEpPeHHMM BpEJHOCTHMA O ce Ao0uia y ciydyajy MmpHMeHe
CIIOKECHHUjeT MaTeMAaTHYKOT MOJela KOjH y3MMa Yy OO3Up CTHIUBHMBOCT BOJE (MOAenl
XHUJPAYITHIKOT yIapa).

— Ilpuimkom Harjor 3aTBapama 3aTBapaya, PauyHCKH MPOTOK HAU3MEHHYHO TIPEIa3H U3
MO3UTUBHUX y HETaTHBHE BPEIHOCTH, IIITO OCIMKaBa HEMOTYHHOCT BOJIE Jla Ce 3ayCTaBH
TPEYTHO HAaKOH yHOIIIEHha nopemehaja, OAHOCHO MPOMEHJBHBOCT CMepa Teuema y 1eBH. Ca
Jpyre cTpaHe, U3MEPEHH MPOTOIU CYy CBE BpeMe MIO3UTUBHU M HE BUJIU CE IPOMEHA cMepa
Teuema — Tpebaso O MpOBEPUTH MOACIIaBamka ypehaja mpe moOHOBHOT Mepemka.

— Mogen je naje oyekuBaHu OOJMK Ujarpama (IJ1aTke KpuBe) 3a 006a Tumna nopemehaja camo
y cllydajy pydHe Kanuoparuje mozena, 1ok ce kox SOLVER Bapujantu y ciydajy Harior
3aTBapama jaBJbajy HEOUCKHBAHE OCIMIIAIN]jE TOOUjEHIX BPEIHOCTH, HAPOUUTO Y TIOTIICAY
npoToka. TUMe je JoBeeHa y MUTalke MPUMEHIBHBOCT MPOrpaMa 3a TPaKeme pelemha 1
MOY3JJaHOCT JJOOM]EHUX BPEIHOCTH.

— IlpoTox Ha HMU3BOJHOM Kpajy LIeBU OM HAKOH 3aTBapama 3aTBapaya Tpebayo TPeHYyTHO Ja
najiHe Ha HyJIy, a mocie oJpeheHor BpeMeHa 1 y3BoJiHo. MehyTuM, u3MepeHu NpoToK Kpo3
LIEBOBO/I C€ HMj€ CMambUO Ha HYyJy HH IOCJIE Jy’KEr BPEMEHa, IITO yKa3yje Ja 3aTBapau
HUJ€ CaCBUM IMOY3/aH.

— Moryhnoct 3a no6ospiIamke MojieNa: yBohewme jeJHaYMHE UCTUIIakha Ha HU3BOJHOM Kpajy
[EBH y MOJAET U Mepeme IMPOTOKAa HU3BOJHO Of 3aTBapada nomohy apyror mepaua
MIPOTOKA.
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