S00PHME Ha TRYAOBU
Proceedings

13-T0 COBETVBAIBE 3A
BOAOCTONAHCTBO M
KMAPOTEXHHKA

13TH GONFERENCE ON
WATER ECONOMY AND
HYDROTECHNICS




OPTrAHMBATOP | ORGANIZED BY
3npy>xeHre MakeoHCKH KoMHTeT 3a rojiemu Opann  Macedonian Committee on Large Dams

H3]ABAY | PUBLISHED BY
3npyxenre MakeqoOHCKH KOMHUTET 3a rojiemd Opanu  Macedonian Committee on Large Dams

3A M3IABAUYOT | FOR THE PUBLISHER

[Tpod. n-p Jbymuo [TeTkoBckn Prof. Ljupcho Petkovski, PhD
[percenaren na 3apyxenne Makenoncku komuteT President of Macedonian Committee on
3a royieMu OpaHu Large Dams

TEXHUYKA OBPABOTKA ‘ TECHNICAL PREPARATION BY
CreBuo Mutoscku, ®pocuna ITanoscka Stevcho Mitovski, Frosina Panovska
YPEIHUK \ EDITOR

[pod. A-p Jbymuo [leTkoBcku Prof. Ljupcho Petkovski, PhD
JIEKTYPA PROOFREADER

Tama CteBaHoBcKka-1[BeTKOBCKA Tanja Stevanovska-Cvetkovska

MEYATEBE | PRINTED BY

[Ipomenua - Ckomnje  Promedia - Skopje

THPAK ‘ PRINTING RUN

50 mpumeponu 50 copies
DOTOTPA®UIA HA HACJIOBHA CTPAHA COVER PHOTO
[IpenuBauk Ha OpaHa ,,MaBpoBuIa“ Spillway of Mavrovica dam

© Cwure nipaBa ce 3amrturenu. [ly0Oamkarirjara He cMee a Ouje npeBeIyBaHa WM KOUpaHa BO IICJIMHA
WK BO AeJI0BU 03 MHCMEHa 103B0JIa Ha U3/1aBavoT.

© All rights reserved. The publication can not be translated or copied at full or any part of it without
written permission from the publisher.

CIP - Karanoruzamuja Bo my0OauKamnmja
Harmonanua u yauBep3utercka ondmmoteka "Cs. Kimument Oxpuncku', Ckorje

626/628(062)

COBETYBAIE 3a BomoctonancTBo u xuaportexuuka (13 ; Ckomje ; 2023)

300pHuK Ha Tpya0BH / 13-T0 CoBeTyBame 32 BOAOCTONAHCTBO U XUAPOTeXHHKA, 6.10-7.10. 2023 rox, Ckomje
; [ypemrauk Jbymuo IletkoBcku] = Proceedings / 13th Conference on water economy and hydrotechnics, 6.10-
7.10. 2023, Skopje ; [editor Ljupcho Petkovski]. - Cxomje :
3npyskeHne MakeJOHCKM KOMUTET 3a rosieMu 0panu = Skopje : Macedonian commitee on large dams, 2023. -
119, [28] cTp. : maycTp. ; 30 cM

®DyCHOTH KOH TEKCTOT. - TeKCT Ha Mak. ¥ aHTJL. ja3uk. - bubnauorpaduja KoH TpyI0BUTE
ISBN 978-608-4953-02-9
a) XunaporexHuka -- Cobupu 6) Bonocronanctso -- Codbupu

COBISS.MK-ID 61794565




IIPEATOBOP

Bo mepmomor oxm 1994 no 2003 rommna Oea ycCIemHO OpraHW3WPAHU JIEBET COBETyBama 3a
BOJIOCTOITaHCTBOTO BO P. Makenonuja, co mto Oelie co3aieHa eaHa 0aropoHa Tpajuiinja, Koja, 3a
aJl, BO CJIEAHUOT JeceTroAuIIEeH mepuo Oeme 3anoctaseHa. Co 1el 1a ce 00HOBM OBaa TpaAWIfja, BO
2014 rommma Oeme oxpkaHo 10. coBeTyBame 3a BOMOCTONMAHCTBO M xuaporexHumka (BCXT),
opraamzupano ox 3MKI'B. OapxyBameTo Ha TpaauliyjaTa MPOIOIKHK CO JABE coBeTyBama 3a BCXT,
11. B0 2016 u 12. Bo 2019 ronuna. 3HauajHocta Ha coBeTyBamaTa 3a BCXT npousnerysa ox ¢akToT
Jeka THe 00e30eayBaar Ha eIHO MECTO 1a CE COCTaHe BOAOCTOIAHCKATa U XUAPOTEXHUIKATa (eJia U BO
CEpHO3HU TPE3EHTAINH U JUCKYCHU Ha CECHHTE, HO U BO HeopMalHa Iopesakchupana arMocdepa, 1a
I'M WICHTU(HUKYBA U pa3peny mpodIeMuTe 01 AIMUHACTPATHBEH U TEXHUYKH KapaKTep.

[Torpebara on oapxkyBame Ha 13-To CoBeryBame 3a BCXT e 3apagm ucnojHyBame Ha
CIICTHUTE LIENH, KOU BO MOMECHTOB T'O NPHUBIEKYBAaaT BHHMAaHUETO HAa CUTE WHBOJIBUPAHH BO OBHC
obsiactu. HajronemuoT men on BomocTtonaHckata mH(pacTpykTypa Bo PC MakenoHuja € o1 mocrap
JaTyM ¥ ce HaMETHYBa Mpo0JIeMOT 3a MoJo0pyBamke Ha CUTypHOCTa M ()YHKLIHMOHAIHOCTA Ha CTapuTe
Opanu. [lomoOpyBameTo ce oHECYBa BO HHOBHPAKETO HAa TEXHUYKATa JOKYMEHTallja U HaBpEeMeHa
caHal{ja Ha OIITETEHUTE XUAPOTEXHUIKN 00jeKTH. BOoIOCTOMaHCTBOTO € e/Ha O] CTOMIAHCKUTE TPaHKH,
CCCHIIMjaIHH 3a Pa3BOjOT U HAIIPEIOKOT Ha JprKaBaTa, Koja, 3a )KaJjl, HeyCIelHo Oeire TpanchopMupaHa
BO JJOJTHOT TPaH3ULUCKH Nepuo/, 3amoyHat oa 1990 ronuHa. Bo MOMEHTOT MOBTOPHO ce akTyalu3upa
MIPECTPYKTYHUPAKHETO Ha BOJOCTOITAHCKUTE MpeTnpHjaTja, ooenuaety Bo AJl BC ma PCM, Ilpemycmon
3a yCIIEeNIHO pedOopMHpame Ha BOJOCTONAHCTBOTO € Jia C€ COIJICAaaT CHTE MO3UTHBHHU W HETATHBHU
CTpaH{ OJ JOCETallHOTO aIMHUHUCTPHpAEmE CO BOIUTE M Jla C€ WACHTH(PHKYBAaaT MOXKHOCTUTE 3a
moobpyBame Ha OpraHMU3aIioHaTa MOCTABEHOCT Ha BOJIOCTONAHCTBOTO.

XuIpoeHepreTHKaTa € eIHa O]l Haj3HauajHUTE TPAaHKH BO 00J1acTa Ha KOPUCTEHHETO HA BOJAUTE.
Bo nocnennara neneHuja uMa ApaMaTHYHU MPOMEHU BO WHCTAJIMpaHaTa MOKHOCT Ha IEHTpAINTE 32
MPOM3BOJCTBO HA €IEKTPUYHA €HEPTHja oJf OOHOBIMBH M €KOJOLIKM YUCTU M3BOPH Ha eHepruja. Ha
rinobanHo HUBO Bo 2021 roauHa, MHCTaJIMpPaHOCTA Ha COJapHUTE LeHTpanu u3Hecysame 942 GW, a Ha
XUAPOIEHTpATUTE (3a€MHO CO MyMIHO aKkymynanuonute) oemre 1,330 GW. NHcTanmpanata MOKHOCT
Ha coJapHHUTE IeHTpanu ((HOTOBONTAUIINTE) CE 3rOJIEMYyBa CO FeOMETpHCKa nporpecuja. Ha rogumHo
HUBO c€ OYEKyBa IMOPACT Ha MHCTaJMpaHaTa MOKHOCT Ha XuJpoueHTpanuTe 3a okony 30 GW, noneka
3a comapHuTe eHTpa Bo 2022 ce muctammpanu 268 GW, a 3a 2023 ce nmpensuayBa fneka ke Ommar
monmanenu 315 GW. He e Temko npenBuminBo meka Bo 2023 rongwHa WHCTANIMpaHaTa MOKHOCT Ha
COJIApPHUTE IICHTPalM, KOW CTaHaa IMO3HAYajHA CaMO BO IMOCJCJHATA JElcHHWja, Ke ja HaaMHUHE
WHCTaTUpaHaTa MOKHOCT Ha XHAPOIICHTPAIUTE, KOM C€ Tpajar MoBeKe oj CToTHHAa TomuHu. OBOj
r100ajJIeH TPEH HajBEPOjaTHO Ke ce MpEeCcirKa W BO CHEPreTCKHOT CEKTOp BO Makemonuja. [Iputoa
Tpeba 1a ce umaat npeABu JIokaaHuTe ocooeHoctu. Umeno, Bo PC Makenonwuja e usrpanes camo 30%
Ol XHUAPOCHEPTreTCKHOT TeXHUYKW HcKopuctiuBuoT mnotreHiumjan (TUII), xoj co HajHOBHTE
MOCKaNyBamka Ha eJeKTpUYHATa €Hepruja, MPaKTUYHO € MPEMHHAT BO KaTeropujara Ha eKOHOMCKH
HCKOPHUCTHUB MOTEeHIH]jal. JJOKOJIKY Ha I100aTHO HUBO, 3a PEryJIapHO ONEPUPAHE CO MEIIOBUT €IIEKTPO-
CHEPreTCKH CHUCTEM, OJJHOCOT COJIApHU/XUIPO CIIOPE] TOIUIIHUOT IIpUpacT € okoiy 10, mro Bapupa o
20 mo 5, 3aBUCHO 0of] cTeneHoT Ha uarpanaeHoct Ha TUIL, ox 90% no 20%, Toram Bo PC Maxkenonuja
TOj oHOC He Ou Tpebao ga Ouzae moroneM ox 5. Bo oBaa erama on pa3BojoT Ha eHepreTukara Bo PC
Maxkenonuja, He Tpeba CONApPHUTE IIGHTPAIM Ja Cce TpeTHUpaaT Kako KOHKypEHIMja Ha
XHUApoLeHTpaiuTe. HanmpoTuB, NHCTAIMPAakmETO HA CONIAPHUTE IIEHTPAIH € MOTTHK 3a Tpajda Ha HOBU
xunaponenTpand. Tpeba ma ce ucTakHe Jeka BO OBaa (aza MHBECTHPAHETO BO Majd M MPOTOYHU
XUAPOIEHTPATN € IICJIOCHO HempudaTINBO, 3aIITO TOKpaj MTO Oea HEOoMmpaBIaHU O]l €KOJOIIKH,
COLIMOJIOIIKA W €KOHOMCKHM AacCIIeKT, Cera CTaHaa W EHEepPreTCKd HeNOoTWYHH. Bo OBOj MOMEHT ce
HEOIXOAHU TOJIEMH aKyMYyJAlHOHH XUAPOLEHTPAIU U, Tpel ce, PEeBEP3UOMIHN XHAPOLEHTPAIH, 32
MMOKPHUBAamke HA JTHEBHATA HEPAMHOMEPHOCT M HEMPEABHIMBOCT HA COJApHUTE IeHTpanu. Umajku
MIpenBU/ A€Ka BOJHUTE aKyMYJIAI[MHU CO TOJIEM KOPHCEH BOIYMEH Ce eIWHCTBEHUTE aKTHUBHU MEPKH 3a
yOnakyBamke Ha HETaTUBHUTE BIIMjaHUja OJl KIMMATCKUTE MPOMEHH, JOTMYHO € JieKa pa3BojoT Ha
XHIIPOCHEPreTHKAaTa BO UJHHUOT Mepro Tpeda fa Oue co ABOKPATHO KOPUCTEH-E Ha ITOBEKEHAMEHCKHUTE
aKyMyJalWy, CO HaBPEMEHO WHBOJBHPAkE HA MPHOPUTETHUTE BOAOKOPHUCHUIM (BOAOCHAOIyBame H
HaBOJ/IHYBAmE), CKOJIOIIKHA TAPAaHTHPAHOTO MTPOTEKYBake U 0JJ0paHaTa o]l OILIaBH.



3npyxenuero MKI'B e crpyuna, HeBinanuHa u HenpouTabMITHA HHXKEHEPCKa OpraHnu3alrja u
¢ wieH Ha MerfyHapoaHara komuchja 3a rojemu Opanu (ICOLD) Bo xoHnTuHyuTeT oa 1950 romuua.
[Iponienara aexa 3apykeHHETO ke OHJle YCIEIIeH OPTaHn3aTop Ha OBa COBETYBAmkE OCIlie TTOTKPETIeHA
co ¢akrot aeka Bo muHaTHOT neproa 3MKI'b ce nokaxa co peanuzanujata Ha morojem Opoj HaAYYHH
cobupu: CoBeTyBame Ha TeMa: [Ipoekrupame u u3rpaada Ha Opanata Kosjak (1999); I1ps koHrpec 3a
Opanu (2004); CoBeryBame Ha TeMa: bpanara Ko3jak — HCKyCTBO 0J1 M3rpaadara, MPBOTO MOJHEHE U
noueTHaTa excrutoaranuja (2005); Brop xonrpec 3a 6panu (2008); International Workshop "Advanced
methods and materials for dam construction", with lecturers from Greece, Switzerland and R.
Macedonia (2009); International Symposium "Dams - recent experiences on research, design,
construction and service", organized by MACOLD and SLOCOLD (2011); Koudepenija Ha Tema:
Xunpojanosumirara Bo P. Makenonuja (2012); Tper kourpec 3a 6panu (2013); 10. coBeryBame 3a
BCXT (2014), Koudepenmnuja na Tema: Coctojbarta co Bogocronanckara nadpacrpykrypa (2015), 11.
CoseryBame 3a BCXT (2016), UetBpt xoHTpec 3a O6panu (2017), Tpubuna Ha Tema: 80 roguHu Ha
WH)XEeHEepcTBOTO 3a Opanu Bo P. Makenonunja (2018), 12. CoeryBame 3a BCXT (2019), Second
International Symposium "Water reservoirs — an Active Measure in Adapting to Climate Change",
organized by MACOLD and SLOCOLD (2020), 5-tu Konrpec 3a 6panu (2021) u Bropa koudepenmja
3a xuapojanosuirra (2022).

3a 13. coBeryBame 3a BCXT mpucturnaa noronem 6poj pedeparu, a Pemakiuckuor ondop

npudatu 12 ma 6upar ormeyareHd Bo 300pPHHMKOT MOCBETEH Ha COBETyBameTo. Pedeparute ce Ha
MaKeJIOHCKM ja3uk (8) ¥ Ha aHIVIMCKU ja3uK (4), a ce MOArOTBEHHM Off eKCIepTd on MakeaoHuja,
Crnosennja, Cpbuja u Xpsatcka. Pacmopenor Ha pedepatute BO 300pHHKOT € MPHUCIOCOOCH Ha
LIMPOKUOT CTIEKTap Ha MpoOJIEeMH IITO Ce TPETHPAHU BO TPYAOBUTE, O€3 1a OMIaT CUCTEMaTU3UPaHu BO
KOHKpeTHH TeMmarcku mornasja. Ha 13. comeryBame 3a BCXT ouekyBamMe na WMa YCIEUTHH
Mpe3eHTAllMd W JUCKYCHH 10 pedepaTute, Kako W TpaHcep Ha 3HaCHE Mely YYECHHUIUTE O]
BOJIOCTOITAHCKATA U XUPOTEXHUYKATA (helia, KOU IpuIaraaT Ha pa3IidHUA CEKTOPH - OJ1 IPAKTUKATa JI0
HAYYHOUCTPAXKYBAYKHUTE TICHTPH, OJTHOCHO OJ1 IPOCKTAHTCKH U M3BEIyBAYKU KOMIIAHUH JIO OTIEPATOpH
co xuapocuctemu. OuekyBame MaHudecTalmjata, Koja ce ompkyBa Bo Komoparta 3a oBiiacTeHH
apxutekt 1 umkeHepu (KOAN) Bo Ckomje, na Oune codup 3a npujaTHO ApY>KEHE, HOBH MO3HAHCTBA
1 HeOopMaJTHU Pa3rOBOPH.
Ja kopucTaM oBaa mpuroja Jia uM ce 3abiarogapaM Ha aBTOpPUTE Ha pedeparuTe, 32 HUBHUOT BIIOKEH
TPYA ¥ MPHUIOHEC BO Pa3BOjOT HA BOJOCTOMAHCTBOTO M XuApoTexHUKaTa Bo CeBepHa MakenoHuja; Ha
4yieHoBUTe Ha Pemakuuckuor on0op, KoM TH eBamyhpaa pedeparuTe; Ha UICHOBUTE Ha
Opranu3anickuoT ox0Op 3a HUBHATa MOXKPTByBaHa paOoTa; Ha CIIOH30pPUTE M HA yYECHUIUTE Ha
COBETYBAHCTO.

Cxorje, IIpercenarten na 3MKI'B,
okToMBpH 2023 roguHa npod. a-p Jbymuo IletkoBcku



Preface

From 1994 to 2003, nine Conferences on water economy in Republic of N. Macedonia were successfully
organized, which created a noble tradition that unfortunately, in the following ten year period was
abandoned. In order to renew this tradition, in September 2014 was held 10" Conference on water
economy and hydrotechnics, organized by MACOLD. The tradition continued by two Conferences, the
11™1in 2016 and 12" in 2019. The importance of the Conferences on water economy and hydrotechnics
comes out from the fact that they provide meeting of the water economy and hydrotechnical experts at
one place and by detailed presentations and discussions within the sessions, but also in unformal relaxed
atmosphere, to identify and resolve the problems from administrative and technical point of view.

The need of having the 12" Conference of water economy and hydrotechnics is due to fulfillment of the
following goals, that in the moment are occupying the attention of all involved in this field. The main
portion of the water economy infrastructure in RN Macedonia is of older date and the problem arises
for maintenance and improvement of the safety and functionality of the aged dams. The improvement
implies to innovation of the technical documentation and timely restoration of the damaged hydraulic
structures. The water economy is one of the economy branches that is essential for the state development
and progress, that unfortunately was unsuccessfully transformed in the long transition period, dated back
in 1990. IN the moment again is resurfaced restructuring of the water economy enterprises, united in
AD Water Economy of RNM. The precondition for successful reform of the water economy is to realize
all positive and negative aspects from the water management till now and to identify possibilities for
improvement of the organizational setup of the water economy.

The hydropower is one of the most important branches in the filed of water utilization. In the
last decade there are dramatic changes in the installed power of the plants for electric energy production
from renewable and ecological sources of energy. On global scale in 2021 the installation of the solar
plants was 942 GW, and on hydro power plants (including pump storage plants) was 1,330 GW. The
installed power of the solar plants (photovoltaics) increases by geometric progression. On annual scale
is expected increase of the installed power of the HPP for approximately 30 GW, while in the case of
the solar plants in 2022 are installed 268 GW, and in 2023 are planned another 315 GW. It is not hard
to predict that in 2023 the installed power of the solar plants, that became more important in the last
decade will overcome the installed power of the HPP, that are constructed more than one century. Such
global trend will most likely reflect in the energy sector in Macedonia. Therefore the local characteristics
should be taken in to account. Namely, in RN Macedonia is built only 30% of the hydro power
technically usable potential (TUP), that by the latest price increase of the electric power, practically is
passed in the category of economical usable potential. If on global scale, for regular operating in the mix
electro-power system the ratio solar/hydro according to the annual increase is approximately 10, that
varies from 20 to 5, in dependence of the degree of utilization of the TUP, from 90% to 20%, then in
RN Macedonia such ratio should be less than 5. In this stage of energy development in RN Macedonia,
the solar plants should not be treated as competition of the HPP. On the contrary, the installation of the
solar plants is incentive for construction of new HPP. It should be emphasized that at this stage investing
in small and run-of-river hydropower plants is completely unacceptable, because in addition to being
unjustified from an environmental, sociological and economic point of view, they have now also become
energetically illogical. At this moment, large storage hydropower plants and, above all, reversible
hydropower plants are necessary to cover the daily unevenness and unpredictability of solar power
plants. Taking into account that water reservoirs with a large active volume are the only active measures
to mitigate the negative impacts of climate change, it is logical that the development of hydropower in
the future period should be with the dual use of multi-purpose reservoirs, with the timely involvement
of priority water users (water supply and irrigation), environmentally guaranteed discharge and flood
protection.

MACOLD is expert, non-government and non-profit engineering organization and it is a
member of the International Committee on Large Dams — ICOLD in continuity since 1950. The estimate
that the Committee will successfully organize this conference is due to the fact that MACOLD has
organized a large number of scientific gatherings in the past period: Conference on topic Designing and
construction of dam “Kozyak” (1999); First Congress on Dams (2004); Conference on topic Dam
Kozyak — experiences from construction, first filling and initial service (2005); Second Congress on
Dams (2009); International workshop with participation of lecturers from Greece and Switzerland



(2009), International symposium organized in cooperation with Slovenian committee on large dams
(2011); Conference on tailings dams in Republic of Macedonia (2012); Third Congress on Dams (2013);
10th Conference on Water Economy and Hydrotechnics (2014); Conference on topic: State of the water
economy infrastructure (2015); 11th Conference on Water Economy and Hydrotechnics (2016); 4%
Congress on Dams (2017); and Tribune on topic: 80 years of dam engineering in R. Macedonia (2018),
12™ Conference of water economy and hydrotechnics (2019), Second International Symposium "Water
reservoirs — an Active Measure in Adapting to Climate Change", organized by MACOLD and
SLOCOLD (2020), 5" Congress on dams (2021) and Second conference on tailings dams (2022).

For the 132" Conference on water economy and hydrotechnics a large amount of papers were submitted
and the Editorial Board accepted 12 to be printed in the conference Proceedings. Papers are on
Macedonian language (8) and on English (4), and are prepared by experts from Macedonia, Slovenia,
Serbia and Croatia. One can notice that papers in the Proceedings are not in order to the topics for the
Conference. Namely, the order of the papers is adapted to a larger spectrum of problems elaborated in
the papers, without being systematized in specific topics’ headings.

On the 13" Conference on water economy and hydrotechnics we expect successful presentation
and discussions on papers, as well as knowledge transfer among participants from water economy and
hydraulic engineering professions working in different sectors — from practical application - to scientific
research units, i.e. from design and construction companies, to hydro systems operators. We expect that
the event, that is being held in the Chamber of certified architects and engineers in Skopje, to be a
gathering of comfortable hang out, new acquaintances and informal conversations.

In this occasion I would like to express my gratitude to the papers’ authors for their effort as
well and for the expert and scientific contribution to the development of the water economy and
hydraulic engineering in Republic of N. Macedonia, to the members of the Editorial Board for review
of the papers, to the members of the Organizing Board for their enormous efforts, as well and to the
conference sponsors and participants.

Skopje, President of MACOLD,
October 2023 Prof. Ljupcho Petkovski, PhD
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KOPUCTEILE HA EITAHET 3A OITPEJAEJIYBAIBE HA XU/IPAYJIMUKU
KAINAIOUTET HA CU®OH KAJ CUCTEM 3A HABO/IHYBAIBE

Tone Tacecku', Hukona KpctoBekn?
Pe3ume
Co oriex Ha MPOCTOPHATA MOCTABEHOCT HAa CHCTEMUTE 32 HABOJHYBAHbE, YECTO Ha TJIABHUTE JTOBOJHU
IIEBKOBOJIM COCTaBHU eJIeMeHTH ce cudonuTe. Tre mpercraByBaar 00jeKTH IIITO HAJY€CTO CE KOPUCTAT
3a MPEeMUH Ha IeBKOBOJOT IMOJ PeKa, MaT, KeJIE3HHUIIA, CYBOAONIUIA U CIMYHO U UCTUTE XUAPAYIHIKU
(YyHKIIMOHMPAAT KaKO CHCTEMH IO IPUTHUCOK.
Ienrta Ha 0BOj TPy € Ja ce MPHUKaKe yrnorpedara Ha cOYTBEPOT 3a XHUpayInyKa aHAIN3a HA CUCTEMHU
mox nputucok EITAHET 3a ompenenyBame Ha XUApayTMIKHOT KamaruTeT Ha CH(OH Ol CHCTEM 3a
HaBoJHYBame. OHOCHO, BO OBOj TPYA € aHAIM3UpaHa CTyJHja Ha CIIy4aj IIOcTOeH cudoH ,,Makapuja®,
KOJILITO € JIeJ1 O]l CHCTEMOT 32 HABOAHYBAE ,, | MKBEII, TPH LITO Ha JIeJ 011 CU(POHOT ce CIIydyBa roieMa
XaBapuja.
[Ipumenarta Ha EITAHET Bo pemaBame Ha KOHKPETHHOT IIPEIU3BUK € KIIydHA BO OP3UOT U BO TOYHUOT
n300p Ha ONITUMAJICH UjaMeTap Ha LIEBKOBOJOT OHJIEjKH OCTOJHUOT cUGOH e co aujamerap 1.620 mm,
a BO MOMEHTOT Ha XaBapHja HeMa MOKHOCT Jla Ce BIpaJu IIEBKOBOJI CO UCTU TaKOB JWjamMeTap OuJejKu
3a HErOBO MTPOU3BOJICTBO € MOTPEOHO MO0ITO BpeMe KOe BO OBOj CIIy4aj € KIIy4eH (akTop 3aTroa IITo
moTpeOduTe 011 BOJa CE UTHH.
Cnopen Toa, co kopucremeto Ha EIIAHET ce HampaBeHM Xuapayiauuku NPECMETKH 3a IOBEKe
BapHjaHTH CO NPUMEHA Ha pa3jM4YHH LIEBKOBOAM OJ KaJie IITO € HampaBeH u300p Ha ONTHMAaieH
IjaMeTap Ha IIeBKOBOJ, a COOJIBETHO Ha Toa W M300p Ha MaTepwjas 3a IIEBKOBOJOT CO OCHOBCH
KpUTEpUyM 3a Ja ce 00e30e11 MaKCHMaTHO MOKHA MTPOTOYHA KOJMYMHA Ha BO/Ia HU3 IIETNOT CU(OH.
Kuayunu 360poBu: CudoHn, Xuapaynundka anannza, MakcumaieH mpotok, EITAHET

USING EPANET FOR DETERMINING THE HYDRAULIC CAPACITY OF A
SIPHON IN AN IRRIGATION SYSTEM

Goce Taseski', Nikola Krstovski®
Summary
Considering the spatial arrangement of the irrigation systems, siphons are often part of the main supply
pipelines, which represent objects that are used most often for the passage of the pipeline under a river,
road, railway, waterway, etc., and the same hydraulically function as water pipline pressure systems.
The purpose of this paper is to demonstrate the use of the software for hydraulic analysis of pipeline
pressure systems (EPANET ) to determine the hydraulic capacity of a siphon from an irrigation system.
Namely, this paper analyzes a case study of an existing siphon "Makaria" which is part of the Tikvesh
irrigation system, where a major accident occurs on part of the siphon.
The application of EPANET in solving the specific challenge is crucial in the quick and accurate
selection of the optimal diameter of the pipeline, because the existing siphon has a diameter of 1620 mm
and at the time of the accident there is no possibility to install a pipeline with the same diameter because
its production requires longer time which in this case is a key factor because the water needs are urgent.
Accordingly, by using EPANET, hydraulic calculations were made for several variants with the
application of different pipelines, from which the selection of the optimal diameter of the pipeline was
made and, accordingly, the selection of the material for the pipeline with the basic criterion of ensuring
the maximum possible flow of water throughout the siphon.
Key words: Siphon, Hydraulic analysis, Maximum flow, EPANET

! Assoc. prof. PhD., Faculty of Civil Engineering Skopje, taseski@gf.ukim.edu.mk
2 MSc., Faculty of Civil Engineering Skopje
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1. BOBE]]

CucrteMuTe 3a HAaBOJHYBAmE CE€ CHCTEMH KOMWINTO CE€ COCTaBEHH OJf KaHAJM WM LIEBKOBOIU TOJ
NPUTUCOK M HUBHAaTa OCHOBHA HaMeHa € 00e30eqyBame JOBOJHO KOJIMYECTBO BOJA, OCOOEHO BO
MEPUOJIOT KOra Ce BPIIIH HABOJHYBah¢ Ha PACTCHU]aTa - BETETAIIMOHUOT ITEPHOJI KOj Kaj Hac, TeHEePaIHO,
nmouHyBa Ha 1 arpun u 3aBpiryBa Ha 3 1 centemBpu. [IpakTraHO, BO MEpHOIOT Ha HABOIHYBAKHE CE CMETa
JieKa CUCTEMOT 3aJOBOJIUTEIHO (YHKIHOHHpa ako uMma obe30eneHocT ox MuHMManHu 70 %, mro
MpeTcTaByBa BHUCOKa 00€30€/IeHOCT M CaMOTO TOa TOKaXyBa JI€Ka CHCTEMHTE 32 HAaBOJHYBambE CE
CUCTEMH Kaj KoM (PYHKIIMOHATHOCTA € 0COOCHO BajKHA.

Criopent U3HECEHOTO, jJaCHO € JIeKa 3a eJIeH CHCTEM 32 HABOJIHYBAmbE CEe CMeTa JIeKa JJ00po PyHKIMOHIpa
aKo uMa o00e30eeHO MOBOJIHA KOJMYMHA HA BOJA 3a HAaBOJHYBAaHkE M BO 3aBHCHOCT O]l THIIOT Ha
HaBOJHYBamk-E MOJKE J1a ce 0apa J1a ce 00e30e11 1 TOBOJIHO IMPUTHUCOK BO CHCTEMOT. Bo JIeHenTHO BpeMe
CO MPMMEHA Ha COBpeMeHU copTBepckH anatku, kako 1mro ¢ EITAHET 3a ananu3a Ha cucTeMu 1o
MPUTUCOK, MOXE J]a CE ONpeeNaT NPOTOKOT U IPUTHCOKOT BO CEKOja TOUKA/IEBKa O €€H CUCTEM 32
HABOJHYBam-€, OJHOCHO Jia ce JOOMjaT CUTE XUAPAYINYKU KapaKTEPUCTUKU Ha CHCTEMOT 32 PEIaTHBHO
KpaTOK TEepHoA W Jla MOXe Ja Ce JIOHEecaT MPABHJIHH OJUIyKH BO W300pPOT HA TEOMETPHUCKHUTE
KapaKTEePUCTUKN Ha CHCTEMHUTE.

Bo oBoj Tpyn e mpukaxana npumenata Ha EIIAHET 3a xuapaynuuka aHanuza Ha cuOH off T1aBeH
LIEBKOBOJ] Ha CHUCTEMOT 3a HaBOAHyBame ,, [MKBem, KaJe LITO ce ClIydyBa XaBapHja Ha JAeT OJ
roctojaroT cudoH u co mpumena Ha EITAHET e HanpaBen onrruMarneH u300p Ha IIEBKOBOJI 3a CaHaIldja
Ha XaBapujara, P TOa € 3ara3eH OCHOBHHUOT YCJIOB 3a 00e30e1yBamke Ha MaKCUMallHaTa KOJIMYMHA Ha
BOJI IIITO K€ MPOTEKYBa HU3 CU(POHOT.

1.1 COOTBEP EITAHET

EITAHET (EPANET) e cnobomeHn codTBep 3a MOAEIHpamE Ha BOJOCHAOIUTEIHH CHCTEMH IOJ
MIPUTHCOK, Pa3BUEH OJf ATCHIM]jaTa 3a 3alTUTa Ha kuBoTHaTa cpeauHa (EPA) u on Onunenenuero 3a
BoAHHM pecypcu Ha Coequnerute AMepukaHcku [pxxasu [1,5].

Codreepot EITAHET moe ma ce KOpUCTH 3a MOJCIHPAhE SAMHEUCH IIEBKOBOJ] HITH MPEKa OJT IIEBKU
W CO HEro MOJKE J1a Ce HalpaBH BPEMEHCKA CHMYyJallija Ha TEYCHETO Ha BOJATa BO aHAIU3UPAHUOT
cucteMm. Co EITAHET moke aa ce ananm3upaaT CHCTeMHU 0e3 orpaHrudyBama Ha Op0joT Ha TIOTE3H, ITPH
LITO CO UCTHOT MOYKE /1a C€ ClIeIaT XUAPAYIMUKUTE KapaKTEPUCTUKU HAa CHCTEMOT BO CEKOj ja30l, IIOTeT,
pe3epBoap OAHOCHO BO LIEINOT CUCTEM.

Pabotu mox omnepatuBeH cucteM Bunnoyc u o6e3benyBa MHTErpupaHa CpeArHa 3a MOJICIHpame Ha
CHCTEMOT U €HOCTaBEH BJie3 Ha nogarouu. OCBeH XUIpayJIniKy, MOXKE Jia Ce NPaBaT U CUMYJIaLUM 3a
KBAJIMTET HA BOJA, a, ICTO Taka, 00e30eayBa NMpUKa3 Ha W3IIC3HUTE PE3YNTAT BO pa3InyHU (OopMaTH,
KaKo ILITO CE CUTYyaIlH CO KOAUpaHu 00H, Tabesn co MoaaTonH, rpa UKOHU CO BPEMEHCKH CEPHH U p.
[1,2,5].

Co EPANET xuzapaynuuku ce MOAEIHpa CHCTEM 3a AUCTPUOYyIHMja Ha BOJAA KOj MIPETCTaByBa 30Up 0f
[IOBP3aHHU ja3/iu. BpckuTe Ha ja3iuTe MoXKe J1a ce LIEBKH, ITyMITH WJIU Pa3HU KOHTPOJIHU BEHTWIIH, 10/1€Ka
ja3nmuTe MOXE J1a ce U pe3epBoapy WK U3BOPH Ha BoJa (aKyMyJallvu, KaHaIW, HOA3EMHH 3adatu 1 cl.)
(3,5].

2. LIEJIN

OcHOBHa IIeT Ha OBO] TPyA € N1a c€ IpHKaKEe IMpUMEHaTa Ha COBPEeMEH CO(MTBEPCKH MaKeT 3a
xunpaynuuka ananusa — EIIAHET Ha koHKpeTeH peaneH AUCTpUOYyTHBEH CHCTEM 3a Boja — CU(OH Of
IIOCTOEH CHCTEM 32 HaBOJHYBAaE 33 KOj OCBEH MaKCHUMallHaTa XUpayIHMyKa IIPOIlyCHa CIOCOOHOCT Ha
cuOHOT K€ ce OmpeeNiaT IPUTHCOITUTE BO CEKOja ja30THA TOYKA, KAKO M XUAPAYIHIKUTE T'yOUTOIH
KOM Cc€ OCHOBHO BJIMjaHHE HA MAaKCUMAJIHUOT KallaluTeT Ha CU(QOHOT.

Kako ctyauja Ha cimyyaj, Koja € IpeIMeT Ha aHalu3a BO OBOj TPy, € cCU(OHOT ,,Makapuja“, Koj e e
0J1 CUCTEMOT 32 HaBOJIHYBamE ,, [MKBeII®,
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3. CTYUJA HA CJIVHAJ - CUDPOH ,MAKAPHJA*

XMC ,TukBem“ 1o CBOWTE KapakTEPUCTHKA € €IC€H OJf HajToJeMUTe W Haj3Ha4YajHU
XHJIPOMENTOpaTHBHHE cucteMu Bo P Makenonuja. Toj ru ondaka MOBPIIMHATE W KOPUCHUIIHTE O]
ommruauTe KaBamapim, Pocoman, I'pancko, Herotuno u Jlemup Kanmja. BxymnHata npoektupana
OpyTro-noBpimuHa 3a HaBogHyBakbe BO XMC , TukBem Omma 17.760.0 ha, a BkymHata MoOXKHa
HaBOJHYBaHa OpyTto-moBpiinHa n3HecyBa 13.258.0 ha. UzBesaen e Bo nepuogot 1969 - 1971 ronuna, a
MyIITEH Bo (yHKLMja pH KpajoT Ha ganeunara 1971 roguna. [Ipu mwto o MokHaTa OpyTO-IOBPILIMHA
3a HaBOJIHYBambE BO MIPOCEK TOAUIIHO ce HaBoaHyBaat ox 5.000,0 - 8.000,0 xexrapu [6].

XMC ,, TukBen“ ce cocton oj 3adaT Ha BOJA O] BellTaukata akymynanuja Tukeemko Ezepo u co
TJIaBeH JIOBOJIEH KaHAN BoJlaTa ce JOBeJyBa N0 3emjojenckute noBpmuHu on XMC , Tuksem .
I'maBHHMOT KaHaJ MOHATaMy ce JeJId Ha JBa MaruCTpalHU KaHalu, JeB U aeceH. [lpu mro co nqecHnor
KaHaJl ce HaBOJIHYBa MOT0JIeM Jiel 0J1 3eMjozesickute noBpiman o XMC ,, Tukseni*, moyieka co JeBHOT
MAarucTpaieH KaHall ce HaBO/IHYBa IIOMaJI IeJ 0J] 3¢MjOIeTICKHITE MOBPIIUHY 1itk okoiry 4.000 ha moxxkHa
OpyTO-TIOBPIIIMHA 332 HABOJHYBamE [6].

JleBHOT MarucTpaneH KaHaj 3alo4YHyBa O] pas3lesiHaTa TOYKa CO JECHHOT MarucTpajleH KaHaj BO
OTBOPEH OETOHCKH KaHaJ CE JI0 IIOYETOKOT Ha CU(OHOT ,,Makapuja“. CudoHnor ,,Makapuja‘“ e usrpajcH
3a momuHyBame mpeky llpHa Peka co ocHoBHa HameHa jga o0e30ely JIOBOJHA KOJWYHMHA 32
HABOJHYBaI-C Ha 3€MjO/ICIICKUTE MTOBPLIMHU Ha jieBaTa ctana ol Tuksemko [lone. Criopen 0OCHOBHHOT
MPOEKT U3paboTeH Bo 1965 roarHa, MaKCHMaTHUOT KallalMTET Ha LIEBKOBOJOT — ci()OHOT H3HECyBa 3,8
m?3/s ¥ HCTHOT Ce TpoTera Ha BKyIHA D0/DKUHA o 2,15 km co BUCHHCKA pasnuka moMely BJ€3HAaTa U
n3ne3Hara riasa oxa camo 4.0 m (cimuka 1) [6].

MoueTok Ha
cudoH

CudoH Makapuja
L=2.15 km

Cnuxka 1. Jlokanmja Ha cudoH ,,Maxkapuja“ (M3Bop Google Earth)

CudoHckaTa IIeBKa € U3BejIeHa OJ1 JiBa TUIa Ha Marepujai [6], u Toa:

- Bo genor kame mTo mpUTHCOKOT € momain o 3,5 Gapu ce MPUMEHETH apMUpPaHOOETOHCKU
1IEBKH, KOM OJ] BHATPEIIHATA CTPaHa ce O0JI0KEHH CO YelTMYHA JIaMapHHa co AedenrHa og 4 mm
u aujametap ox 1640 mm.

- 3a ;enoBuTE KaJie MITO MPUTHCOKOT BO LIEBKATa € MorojeM of 3,5 6apu ce NpUMEHETH YeIMYHH
IEBKU co aujametap o 1640 mm, co mpoMeHiMBa JieOerHa Ha 1ieBkata o1 6, 8 1 9 mm Bo
3aBHCHOCT OJ1 IPUTHUCOKOT BO IIEBKATA.

Ha 27.05.2023 roauna Ha npeMuHOT Ha cudoHoT Hax LlpHa Peka ce ciyuu rojema xaBapHja co IITO
HacTaHa OIIITETYBamke Ha IICBKOBOJIOT HA BKYITHA OJDKHHA 011 okoiry 400 m (cnuka 2). imeno, ciopen
YBHIOT Ha TEPeH, c€ KOHCTAaTHpalle AeKa IPUINHATa 3a XaBapHjaTa € MyKame Ha [IEBKOBOJIOT Ha JIETIOT
Ha MOCTOT Kafie IITO € HalpaBeH OTBOP CO MOAOJDKHA JOJDKHMHA of] oKoiry 2 m (ciuka 1), mpu 1mTo ce
M0jaBHJIO HAIJIO MPa3HEHhE Ha LIEBKOBOAOT LITO MPOAYLMPAIIO [0jaBa Ha HECTAILIMIOHAPEH TEK CO M0jaBa

19 13" Conference on water economy and hydrotechnics, 6 — 7.10.2023, Skopje



Ha TOJICM BaKYYM, KOj, BIOPOYCM, CaMHUOT LEBKOBOJ W HETOBATa MHCTAJIMpaHa OIIpEMa HEC oune BO
MOKHOCT [a 'O U3APKAaT U HACTAHAJIO LCJIIOCHO OIITCTYBAKE HA ICBKOBOAOT HA JOJDKMHA O 400 m.

Cauka 2. Coctoj6a Ha IEBKOBOJOT IOCTIE XaBapHjara

3. U3bOP HA OIITUMAJIEH LIEBKOBO/I 3A CAHAIIMJA HA CUDPOHOT

Co oren Ha Toa Jeka JAe()EKTOT € HACTAHAT BO IMEPUOJ HA HABOJHYBAkhE, OCHOBCH KPUTECPUYM 3a
cananuja Ha cUoHOT ,,MakapHja“ e Toj Jla ce caHupa 3a MaKCUMAaITHO KpaTOK TIEPHOJ 1 Jia ce 00e30enn
MaKCUMall[HO MOKHa KOJIMYMHA Ha BOJAa CO Koja OM ce HaMallwie NpeJIu3BUKAHUTE INTETH Ha
3eMjOJICIICKUTE KYJITYypH, MPH MTO Tpeba Aa ce KOPHCTAT IEBKM IITO TM MMa Ha maszapor. [lo
WCIHUTYBabE Ha Ma3apoT ce KOHCTAaTHpAIIe JiIeKa Ha pacioliarambe T UMa CIICHUBE TUTIOBU IIEBKH:

- HDPE PE 100 PN 10/16 uesku co OD 500, 560, 630, 710, 800

- Ductile iron DN1000 knaca C30

- Yemnunam nesxku OD 1320 mm, d=7.14 mm u yenuk xiaca 275.

3.1 XUJPAVJINYKA AHAJIM3A HA CUOOHOT

3a ompenenyBame Ha MPOIYyCHATa CIIOCOOHOCT Ha CU(OHOT € HAalpaBeH MaTeMaTH4KO XUAPAyIHIKU
MOJIeJT O KopHcTeme Ha codrBepckuot naker EPANET.
XuapaynnaauTe paBeHku mto ru kopuctd EPANET npu xunpaynudakata aHamn3a Ha IEBKOBOIU MO
IPUTHUCOK CE€ CIIEIHUTE:

- paBenkata Ha Darcy-Weisbach nnm

- paBenkata Ha Hazen-Williams.
Bo oBoj Tpyn, XxumpaynudkaTta aHalu3a € HallpaBeHa co KOpUCTEHke Ha paBeHKara Ha Hazen-Buimjamc.
OBaa paBeHKa € KOHBEHIIHOHAIHO NMPH(ATINBA paBeHKA 32 MPOSKTHPAhE [IEBKOBOAN I10JI IPUTHCOK,
KakoB mMTO ¢ u cudoHOT ,,Makapuja“, u mcrara e emqHocTaBHa 3a yrnoTpeba. PaBenkara ma Hazen-
Williams co xuapayTuuku paguyc, maj Ha XuApoArNHAMHUIKaTa JIMHKja U Op3uHaTa Ha BoJaTta ce IafeHu
co paBenkata (1).

V = 0.852C,RO635054 (1)

Kane:
Cr — KoeduruenT Ha XuapayTudky OTHOP BO IieBKaTa criopea Hazen-Williams
S — maj Ha XUApoAMHAMIYKATAa JTHHUja (m/m)
R — xuppaynmaku pannyc (m)
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AKxo ce BoBeJie 3aMeHa 3a V = 4Q/nD?, R =D/4, S = hs/L A CO NPUMEHA HA aNre0apcKu
oreparuu ce Jo0uBa:

_ 10.68LQ1'852

hf - Cj852pa87 2

hf — KQ1.852 (3)
10.68L

K = Zsspam )

Kane:

K — KoedwurueHT Ha OTIOp BO IIEBKAaTa
dopmynara Ha Hazen-Williams n3pasena Bo hopMa Ha ropeHaBEICHUTE PABSHKH MOXKE J]a C& KOPUCTH
3a TMpecMEeTyBame Ha MaJ0T Ha XHUIPOJUHAMUYKA JIMHHjA BO IICBKH IOJI MPUTHCOK, OJHOCHO
MpecMeTyBame Ha epeKTUBHUTE MTPUTHUCOIH BO CeKoja Touka. Bo Tabena 1 ce majgeHn BpegHOCTHTE Ha
KOC(hUIMEHTOT Ha XUAPayIndkuoT otnop no Hazen-Williams.

Tabema 1. BpenHocT Ha KOePHUITUEHTOT HA XHAPAYITUIKH OoTIIOp criopen Hazen-Williams

IIpenopauanu BpeTHOCTH

Tumn Ha 11eBKa
H Ha CH koedummerToT

XIIE 140 - 150
JIneHo xene3Hu 130 - 140
Yenuuau 140 - 150

XuapayaudkuTe 3aryOu, OCBEH 3aryouTe mopagu TpUeme (JIMHUCKH 3aryOH), ce COCTaBeHH U Of
JIOKaJIHU 3aryOu, OTTyKa cleqyBa:

AH = hf + h,, (5)
hn = K(WV"2/2g) (3)
Kage:

AH — BKynHU XUApayIA4KH 3ary0u Ha TEKOT, (m)
hy— Jlunucku 3ary6u, (m)
hy — Jloxamam 3aryowu, (m)
K — KoeHIIMEeHT Ha JIOKAJIEH OTIIOP
v — Op3MHa Ha TEKOT, (MmM/s)
g — 3eMjuHO 3a0p3yBame, (m/s?)
Bo xumpaynmuukara aHanmu3a Ha JIONTH [EBKOBOJAM BOOOWMYACHO HE BIIETYBaaT JIOKAJTHUTE 3aryOw,
MeryToa ako ce 3Hae (DaKTOT JieKa BUCHMHCKATa pa3iivKa Ha BJIE3HHOT Jiell BO CU(OHOT BO OJHOC Ha
WBIIE3HHOT € caMo 4 m, Hen30e)KHO € BO XHJpayJIMuKaTa aHaju3a Ja ce MPECMETyBaaT W JIOKAITHUTE
saryou. CodreepckuoT nakeT EPANET, Bo 3aBHCHOCT 0J] IPUMEHETHOT (PUTHHT, MMa MOXKHOCT 3a
aBTOMATCKO MPECMETYBaE Ha OBHE JIOKAIHH 3aryOH.
Kako mTo Beke Oemie HaBeAeHO, BO aHAJIM3aTa ce KOPHUCTEHH CIICHUBE THIIOBH LIEBKH:
- Tpu mapainenHo noctaBeHu uesku co HDPE PE100 PN10/16 OD710 (3x710);
- Tpu mapaienHo noctaBeHu uesku co HDPE PE100 PN10/16 OD630 (3x630);
- yerupH mapaienno nocraseru nesku co HDPE PE100 PN10/16 OD560 (4x560);
- Ductile iron DN1000 xiraca C30;
- gemnyad ek OD 1320 mm, d=7.14 mm u genuk kmaca 275.
BakBHOT KOHIIETIT HA aHAJIM3a CO MMapajieTHO TOCTaByBambe LIEBKH ce JOMKU Ha (GakToT Ja ce 00e30eau
IITO € MOYKHO ITOTOJIEMA MTPOITYCHA CIIOCOOHOCT Ha cudoHOT ,,MakapHja‘““ u ga ce 00e30e11 MOKHOCT 3a
noOp3a nzBenoda.
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4. PESVIJITATH O XUAPAYJIMUKATA AHAJIU3A

PeSynTaTI/ITC OJ1 HAIIpAaBCHUOT XUAPAYJIUIKU MOACT C€ JaACHU BO NPOAOJLKCHUE, IPU INTO UCTUTE CC

CHIOpeyBaHU M CO MaKCHMAITHATa MPOITyCHA CIIOCOOHOCT Ha CH(OHOT MpeJy Jia ce CIIyYH XaBapHjara.
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Cauka 5. Xunpaynuaku npodui Ha cuOHOT 3a pa3IMYHH THIIOBH Ha LIEBKU
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5. 3AKJIYUOK

Co 0BOj TPy, MPaKTHYHO, CE MOKaKyBa KaKO Ha €IHOCTABCH HAYUH CO KOPHUCTCH-€ Ha COBPEMHHOT
codTBep 3a aHaM3a Ha eBKoBo M o1 mpuTHcok EPANET moxke n1a ce 1o0ujaT pesieBaHTHH 1101aTOITH
Y Ha MOCTOJHU CHUCTEMH, W TOA BO PEJIATHBHO KPATOK IEPHOJ, MPH IITO CE JOOMBaaT pe3yNTaTH 3a
MPOTOKOT Ha BOJA M 3a MPUTHUCOKOT BO CEKOj JIEN O] NEeNUOT aHalu3upan cucreM. [la, Taka camara
MpHMEHA Ha BaKBUOT cOQTBEp MHOTY ja OJIECHYBa paboTaTa Ha HH)KEHEPHUTE BO JIOHECYBAhC 3HAYAJHU
OJUTYKH BO M300pOT Ha WIHUTE TEXHHUYKHU PEICHHja CO 3HAYUTEITHO BUCOKA CUTYPHOCT.

Op aHanu3upaHaTa CTy/Mja Ha CIIy4aj MOKE Jia C€ KOHCTaTHpa Jieka MaKCUMAaITHATA MTPOITY CTIUBOCT Ha
CHCTEMOT MpeJ Ja ce CAy4yH XaBapujara uzHecypaia 3.400 1/s, momeka o1 CUTE PACHOIOKIMBH TUIIOBH
LIEBKM HajrojieMa MpOIyCTIUBOCT Ha CUPOHOT ce 00e30eayBa CO YEIUYHHOT IieBKOBO co OD 1320
mm, d=7.14 mm u genuk xaaca 275 ox 1.878 I/s.

Ako ce criopenu 00e30e/1eHaTa KOJIMYMHA Ha BOJIa CO MPETXOIHO NOTpeOHATa, MOXKE J1a CE 3aKJIy4H JIeKa
HOBOTIPE/IBHJICHUAOT IIEBKOBOJI K€ 33JI0BOJH camo 55 % o] BKYITHUTE MOTPeOU Ha BOJIA, IIITO, UCTO TaKa,
e manexy ox muHumanHute 70 %. Ho, co ornen Ha Toa Jeka HacTaHaTaTa XaBapHja € BO MEpHO Ha
HaBOJIHYBamke U CO Baka 00e30e/IeHaTa KOJIMYMHA Ha BOJIa ke ce 00e30e/u crac Ha KyJITYPHTE IITO Ce
HABOJIHYBAaar.
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