Xunapaynuyka ctyguja
dyHKUMOHUCaHa Boao3axBaTa , Makuw'

/“‘ NMpod. ap Muogpar JosaHoBuh, gaunn. rpal). MHX.
Aou. pap Pagomup Kanop, aunn. rpal). MHX.
Aou . ap AywaH NMpoaaHoBuh, gaunn. rpal). UHX.
Acuc. mp OejaHa hopheBuh, aunn. rpalh). MHX.
Acuc. byno 3nHposuh, gunn. rpal). nHx.
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Cappkaj npeseHTauumje

1. YBOA - UMIbEBU pada U y4eCHUUN

2. Hymepunyikm mogenu

3. TepeHcka meperwa — kanubpauuja mogena
4. Pe3yntatu HyMepu4Kkmux cumynaumja

5. 3akby4dumn
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

lNMpojekToBawe Bogo3axsaTa ,, Makuw“ — npea dasza (1986)

» EHepronpojekt — XnapouHxxeHtepuHr
* MHCcTuTyT 3a Bogonpuepeny “J. YepHn” — 3aBoa 3a xuapaynuky

S
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Mopaencka ucnutmBamwa 1961.
(M. BojHosuh, AHCcTUTYT “J. YepHn”)
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Mopaencka ncnmtmsama 1986.
(MHcTuTyT 32 Bogonpuepeay “J. HepHu”)

dunanykm moaen 1:40

LUunrb ekcnepumeHTanHor paga.
oapeanTun pellere Koje he y Hajsehoj Mepu cMawnTU 3acunake Bogo3axBaTa
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

OcHoBa ynasHe rpafjeBuHe Bogo3axBaTta

21. 60

3a 20 roguHa ekcnnoarauumje ynas ymwheH og HaHoca camMo jeaaHnyT !
lNpu aBocTpykKo Behem Kanauutety 7?77
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

PeButanusaumnja Bogo3saxsarta , Maknw“ — gpyra cpasa (2007)
YyecHuUM:
[ paheBuHCKM pakynTeT — beorpag

NHcTnTyT 3a Bogonpuspeay “J. HepHn”
Penybnnyku xmapomMeTeoponoLKn 3aBo

Pa3no3u 3a nuspany HoBe ctyauje:

kKanauMTeT Bogo3axsaTta yaBocTpy4eH (5 m3/s)
BelleCcTpyKko Behe TanoXxerwe HaHoca
N3MeweHa KoHdurypauwmja peyHor kopuTa
N3MEHEHO CTPYjHO NoSbe Y 30HM Bodo3axBaTta
" N3MEHEHN BOAONPMBPEOHN YCITOBU
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

CTeyeHa UCKyCTBa M3 NpeTxogHor nepuoaa kopuctuhe 3a:

* OcaBpeMeH-aBare XugpomMexaHuyke onpeme
" peBu3unjy npoueaypa npu kopmwhewy objekTta
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

OCHOBHM UnIbEeBU Xnapaynuyiku ctyauje:

1. Kakeu cy edpektn nocrojeher npara Ha CTPYjHO MOSbEe N Ha KpeTare
HaHOCa Yy 30HM Bogo3axBaTa, Npu HeroBomM cagallibem n dbyayhem
KanayurteTy?

2. la nn ce ogpeheHo noborbluake CTpyjHE cnuke (a TMme n noborbllake
yCcrioBa paga Bogo3axBaTa) Moxe noctuhmn moandukaymjom noctojeher
npara?

3. la nu je onpaBgaHo barepoBake KopuTa yY3BOAHO O npara v KOnuko je
obum barepoBara HeonxoaaH 3a eprukacHO PYHKLMOHUCAHE
BOoJoO3axBaTa?
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Caapxaj Ctyaunje

OnwTa fOKyMeHTaumja
Ctyaujckn 3apartak
Cnucak npunora

1. YBopg
2. OcHoBe 3a uspaay Ctyauje
3. Moanore
3.1 Tonorpadcpcke nogrnore
3.2 Xugpornowke noanore
3.3 Xuapaynuuke nognore
3.4 Ncamonowke nognore
4. TepeHCKa Mepera
4.1 baTumeTpuja y OKONIMHM Bofo3axBaTta
4.2 Xngpaynu4yka mepema
4.3 Ncamonowka mepexa
5. MeTtoaa npopayvyHa
5.1 Mogen paBaHckor (2D) Teyemwa
5.2 NMapameTpu CTabMMHOCTU pevyHOr KopuTta
5.3 Kanubpauuja monena paBaHCKOr Teyemwa
5.4 Mogen npocTtopHor (3D) Teyemwa
PauyHcKke BapujaHTe
7. Pe3yntaTum HymMepu4Kkux cumynauuja
7.1 Pe3yntatu npopayyHa paBaHckor (2D) Teyera
7.2 Pe3ynTtatu npopadyHa paBaHckor (3D) Teuemna
8. 3akrbyuum

o

Mpuno3u (39)
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

TeXuwTe Ha HYMepUYKUM cumynaumjama (2D, 3D)

» oTNaga uarpagra ckyrnor pusnykor mogena

= pe3ynTaTu KaaubpucaHo2 HyMepu4Kkor Moaena cy penaTuBHO Noy3aaHu

» Kpahe BpemMe ncnmtmBama

= MOryhHOCT npoBepe Benukor bpoja BapunjaHTu
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Mopen paBaHckor (2D) Teuyemwa
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

PauyyHckn gomeH

/L B N
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o 100 200 300 400 500 600 700 800 900 1000 M
B F— 9 39 3 ]
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®
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AHanunsa paga Bogosaxsata ,Maknw“ Ha CaBu y HOBUM pagHUM ycnosmma
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vapaynmqka cTyavja yHKUMOHMUCaka Bogo3axeaTta ,Makuww®

TR & 55

20 40
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

—® 08im/s

Hymepuyka cumynaumja
nosba 6p3nHe 3a NPOTOK
Case Q = 1590 m?3/s

Intenzitet brzine [m/s]
0.800
0.735
0.670
0605
0.540
0.475
0410
0.345
0.280
0.215
0.150
0.085

0 100 200 300 400 500 600 700 800 800 I1 000 M 0.020
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Kanubpauuja mogena (2D) Teuewa
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Merenja protoka i rasporeda brzina duz reke Save Druga serija bl protoka i rasporeda !:Jrz_lna d“; reke Save
u okolini vodozahvata za postrojenje Makis u okolini vodozahvata za postrojenje Makis

Prva serija 10.01.2007. Druga serija 20.04.2007. RHMZ
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Merni profil 3 (15 m uzvodno od vodozahvata)

ADCP

(“Acoustic Doppler Current Profiler”) Merni profil 3

Merenje 004 $~ Q=1116m/s

Merenje 005 > Q=1109 m°/s

37.1° Projected Velocity [m's] (Ref: Btm)
——Bottom ——Top @ ——HBottom Q

T . - T
0000 0150 0.0 0450 0500

Merenje 004 Pci;cetak: 10:28:26 Kraj:§10:34:21 L=398.36m§0=1116 m3/s

Depth [m]

Profil dna iz merenja 005

15.00 .
357 268 179 o1 2
Length [m]

% 24.10.2005 10:37
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Kannbpauuja napameTtapa mogena pasaHckor (2D) Teuerwa

——ater Speed

0.60,

Merenje 004 Pocetak: 10:28:26 Kraj; 10:34:21 L=398.36m Q=1116 m3/s

0.50

8

Q
W
]

Merenje 005 Racunska kriva

Water Speed [m/s] (Ref: Btm)
o
N
(=]

0.10

0.00
357 268 179 a1 2

Length [m]
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Kannbpauuja mogena noMmohy CHUMIbEHUX TPajekTopuja nroBaka
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Kannbpauuja mogena nomohy cduanykor mogena ns 1986. rogmHe
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

NHcTUTYT 3a BOgonpmuepeay “Japocnas YepHn”

TepeHCcKa Mmepehsa:

» 3axBaTak€e y30opaka CcycrneHgoBaHor HaHoca

» 3axBaTak€e y30opaka maTtepujana ca peyHor gHa
» Mepere KoOHUEHTpauuvje No BepTukanama

» CHMMaH€e TpajekTopuja nroBaka
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Pacnopen mepHux BepTukana
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Pesyntatn nabopaTopunjckux ncnutnBaka y3opaka HaHoca
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Pe3yntatun npopayyHa
- cumynaumje 2D moaernom -
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Xupgpornolwku ycnosu peke Case:

1. lNpoTok y nomeHy cpeawe Boge: Q=1590 m3/s
MepoaBaH 3a NpojeKkTHo peluene !!

2. Mana soga: Q=500 m3/s
3. Benuka Boga: Q=4470 m3/s (anc. Makcumym, 2006.)

KanauuteT Boago3axBara:
1. Capawwn: Q,,=2.6 m3s
2. byayhn: Q,,=5.0 m¥s

dusnukm mopgen:. Q=860 m3/s, Qvz = 6.0 m3/s
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Koputo

6e3 npara

U"3i(g h W)

32
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Koputo

ca nparom

33
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

3acyTo KOpUTo
ca nparom
(capalwme cTame)

/
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

OunwheHo KopuUTo

nparom
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Nurtama:

1. 3awTo npar?
2. 3alTO YNCTUTU KOPUTO?

3. 3awWTo ayxu npar?
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

3awTo npar ?

U"3ig hiw)
2.00
1.80
160
1.40
1.20
1.00
.80

1.40
1.30
120
110
1.00
LeR: 1]
080
070
0.60
0.50

0.40
0.20
0.00

100 M
1

OAHOC BpedHOCTN napameTtapa
kog ynopeherwa “6e3 npara — ca nparom’
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

3alToO YNCTUTU KOPUTO ?

W3igh'w)
1.60
1.40
1.30

1.400
1.275
1160
1.025
0.900
Q.775

120
110
1.00
0.80
080
070
C.60
0.50

0.650
0.625
0.400

100 M
|

OAHOC BpeaHOCTM NapameTapa
Koa ynopehewa “3acyto-ounwheHo”
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

3awTo AyXu npar ?

U*3lg h Wy

1.400 1.400
1.2758 1.275
1.150 1.150
1.025 1.025
0.600 0.800
0.775 0.775
0.650 0.650
0.525 o.525
0.400

0.400

100 M / ] 20 40 60 &0 100 M
| E | | i

OZHOC BpeaHOCTU napameTapa
KoL yrnopehera “kpahu npar-gy»xu npar”
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

EdekTn Aayxer npara
Npyu Makc. KanauuTteTy ?

U3l hw)
1.400 1.400
12758 1278
1.150 1.150
1.025
0.800
Q.775
0.650
0.525
0.400

1.028
0.800
0.775
0.650
0.525
0.400

80 100 M j=iv] 100 M
I ] I ]

OAHOC BpeaHOCTWN napameTapa
Koa ynopehewa “kpahu npar-gyxuv npar”
npun Q,, = 5.0 m3/s
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Pe3yntatun npopayyHa
- cumynaumje 3D moaernom -
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

AKCOHOMETPMjCKM NpuKa3 PauyHcka mpexa 3D mopena

pedyHor KopuTta
182x193 norba y oCHOBMU

(paquCKa O6J‘IaCT) ca 12 cnojea no ay6uHu
YKYMHO KOHa4HUX 3anpemMmuHa: 328237
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®
cajalll€e cTame

Qe =2.6m’s

va
22
—»
"E Qu=2.6m"s
&
)
Ty
i va
D
5
&
Qre =500
Y\\/}/X
E
&
tn
—y
it
L
£
o
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Capalure cTambe — CTPYjHULLE NOBYYEHE U3 Y3BOOHUX BepTUKana

npar

Vertikala
z
- V1 v l
V4
7 NG X
% 7 4 Vil
77
/ F
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Capawme cTamwe - gybuHcke ctpyjHuue (V3)
el

uzvodni prag
L X

uzvodni prag
i
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Capawre cTame - noBpLlunHcke cTpyjHuue (V3)

uzvodni prag i
¥ x

uzvodni prag
I
/
—
Q=50m/s

"pahesunHcKkM dbakynTeT - beorpag
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

Capalutbe cTakbe — CTPYjHULE NMOBYYEHe M3 HM3a Tayaka Ha ynasy Bogo3axBaTa
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

]590 1113/3

Qreke =
——

— 15901113/3

Qreke

9/7/2007

cagawHu npar

Qv =5.0m"s
ouynwheHo KOpUToO

JE—

Ny

Qe =50 1178

—_—

Y

—
= Q.. =5.0mYs

W

w

AYXU npar u
ounwheHo KopuTo

o

'paheBunHCKN dhakynTeT - Beorpa
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

[yBbuHCcKe CcTpyjHULE

capalwlkbun npar v\é/ AYXuW npar v v\é/x
x
ouynwheHo KopuTo ouynwheHo KopnUTo

_ 3
i | Qp=50m/s
uzvodni prag —_— z
'3 4 =
uzvodni prag y [Jj «
V3 l l
— M\
4 — "
hices,
Qu=5.0m3f's Q=30 mifs
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axsarta ,Makui'

[ToBpLUMHCKE CTpYjHULE

cagalwikbu npar " x OYXuU npar u
ouynwheHo KOopnUTo oynwheHo KopuTo

—
!f uzvaodnl prag
| W x
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

CTpyjH/LIE NOBYYEHE U3 HM3a Tayaka Ha ynasy Bogo3axsaTa

cagawkbu npar AYXU npar n
ounwheHo KOPUTO ounwheHo KOPUTO

o s

Q,,=5.0mfs

uzvodni prag
¥ x
¥ —Jj— X uzvodni prag
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

3aKIbyuLMm:

1. HeonxopgHo je yknaware nocrtojehnx cnnaBoBa U3 30He yTuuUaja Bogo3axBaTa
(Hajmarse 200 m yaBoaHo, a 100 m HU3BOAHO), Kako 61 oBa 30Ha nocTara 3oHa
CaHuUTapHe 3awTuTe.

2. lpar noBOSLHO yTUYE Ha CMakEeH€e 3acunama Boago3axsaTta HAaHOCOM (ycMepaBa HaHOC
Ka MaTULM peKe, a NpPoOCTOp Y3BOAHO o4 npara uma pyHKUUjy “ TanoxHuka”).

3. HeonxopHo je peaoBHO YMwhewe o4 HAHOCHMX Hacnara npuob6anHor nojaca y3aBoaHo
oA npara, Ha AY>XUHU oA Hajmawe 100 m; 6arepoBake Tpeba obaBrLaTH y CKIony mepa
peanoBHOr oapXxaBawa, npatehu ctalbe 3acyToCcTU KOpUTa AyX AecHe obane,
y3BOAHO o1 BoAo3axBarTa.

4. Mpopayxewe noctojeher npara 3a 10 m Ka MaTuum peke, ca UICTUM NOAYKHUM Harmoom
KpyHe, y KOMOMHauuju ca ymwhewem KopuTa, npenopy4yje ce Kao mepa 3a
peBUTanusaumnjy Bogo3axsata 36or nob6osbLliata CTpyjHe CriMke Ha yna3sy y objekar.

5. lNoeehawe KanauuTeTa BogosaxsaTta y apyroj dasm nmahe noBosrbHe epekre y
Xuapayrimikom cMucny 36or paBHOMepHUjer pacnopeaa cTpyjHiua Ha yna3sy. MehyTtum,
yABOCTpYy4eH-e Kanauuteta umahe 3a nocneauuy Bulle Hero ABOCTpyKo nosehamwe
KOJIMYMHe cycneHAoBaHOr HaHoca Koju he gocneTtun y BogosaxsaT. 3aTo je HeONXoAHO
YyCTaHOBUTU U CUCTEMATCKM cnpoBOoAUTU Npahewa 3aCyTOCTU OBjeKkTa u Mmepe HeroBor
peaoBHOr oApXaBara.
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Xugpaynuyka ctyamja doyHKLMoHncawa Bogo3axearta ,Makmw®

XBana Ha naxwu!
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