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SUMMARY

Ivanov D.V. Geoinformation technology for forecasting and assessing
flooding in emergency situationsi Manuscript

Thesis for scientific degree of Candidate of Technical Sciences in specialty
05.13.06i Informationtechnologiesi Dnipro University of TechnologyDnipro,

205.

This dissertation proposes a comprehensive solution for developing
advanced information technologies for forecasting and mapping flood zones durinc
emergencies caused by anthropogenic and natural factors. The thesis explore
modern techniques and methodologies for predicting and assessing the
consequences of flooding, focusing mainly on the limitations of current approaches
and software tools in handling these issues, especially in emergencies. While
effective under regular facilities, existing technologies often suffer from low
accuracy and limited efficiency when applied to the urgent context of natural or
humanmade disasters. This limitation underscores the need for innovative
approaches to address the complexities oftieed flood forecasting and mapping,
ensuring that decisions can be made quickly to mitigate the devastating impacts o
lives and property.

The research highlights the growing importance of satddated data in
monitoring flood events and the role of automated systems in improving the speec
and reliability of disaster response efforts. The technology developed within this
dissertation integrates muttmporal satellite images with machine learning
methods, explicitly leveraging sefsiipervised learning techniques and
convolutional neural networks. This combination improves accuracy in predicting
potential flood zones, overcoming the inaccuracies associated with traditional
flood modeling. The proposed system includes several key stages that address tl
challenges of accurate flood zone identification. These stages begin with the
preprocessing of optical satellite images, which involves the removal of cloud
cover to ensure that the image data used for analysis is as clear and consistent
possible. The next step is automatically segmenting water bodies, critical for
identifying areas susceptible to flooding. Additionally, the system forecasts water
level changes based on the analysis of rteittiporal optical satellite images,
which enhances the capability to model flood events across time and space.



One of the main advantages of this technology is its ability to generate
highly accurate flood zone maps with an error rate as low as 12%. This accuracy i
crucial for ensuring that emergency responders and decisaiers have reliable
data for managing risks and coordinating efforts during an emergency. The
proposed information technology was implemented as a geographic information
system (GIS), integrating satellite imagery, cldaased data processing, and +eal
time visualization of the results on interactive maps. This GIS platform provides a
userfriendly interface that allows operators to quickly input data, perform
necessary analyses, and visualize flood zones in an efficient and effective way. Th
system is designed to assist deciswakers in rapidly assessing flood risks,
determining the extent of flood zones, and taking appropriate action to minimize
the damage caused by flooding.

Testing the proposed technology in various -keatld conditions has
demonstrated its effectiveness in assessing flood zones under different emergenc
scenarios. The results show that the system can provide timely and accurat
predictions, even in the complex and dynamic environments that characterize flooc
events. Whether the emergency is due to natural disasters such as hurricanes, ri\
flooding, or anthropogenic factors such as dam failures or industrial accidents, the
technology can adapt to different situations and provide actionable insights for risk
management and mitigation.

In addition to improving the precision of flood forecasting, the proposed
technology also contributes to a more streamlined and efficient process for
decisiommaking during emergencies. By providing reate information, the
system can help authorities make more informed choices about resource allocatiot
evacuation plans, and other critical aspects of emergency management. Thi
capability is essential in climate change, where the frequency and intensity of
flooding events are expected to increase, making the need for accurate and time
flood mapping even more pressing.

The information technology developed in this dissertation offers several
significant benefits for flood risk management. First, it enhances the accuracy of
flood zone forecasting, providing authorities with reliable data that can be used tc
protect populations and infrastructure. Second, it enables faster denskomg by
presenting flood risk information in an easily accessible format. Finally, it reduces
the potential negative consequences of flooding by improving the effectiveness of
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emergency response efforts, ultimately saving lives and minimizing economic
losses.

The technology is highly scalable and can be applied to various regions anc
flood scenarios, making it an invaluable tool for governments, emergency services
and disaster response teams worldwide. Witlalisity to integrate satellite data,
process information in the cloud, and deliver 4{tgak predictions and
visualizations, the system represents a significant step forward in flood forecasting
and mapping. It provides a vital resource for managing flood risks in an
increasingly complex and uncertain world.

In conclusion, the proposed information technology can profoundly impact
the accuracy and effectiveness of flood zone forecasting and mapping, enablin
better decisiommaking during emergencies and enhancing the ability to manage
flood-related risks. By reducing the time and resources required for accurate flooc
assessments, this technology holds the potential to mitigate the devastating effec
of floods on human populations, infrastructure, and economies worldwide.

Key words: geoinformation technologies, flooding, flood forecasting,
modeling, satellite data, emergencies
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NDWI = Green- NIR (1.1)
Green+ NIR

HjGreer 9" HBdIslsw 9o L jdzj desdfiiR o' @ @Ustisdy
Bdzdy dz! sd3dz ' deW tcOyjtcosdzsdZdz H® Of OL sdz
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[sHdW ' Cts9 Odzed 2 “dzH § € M dzts tc (3AIRDWI)s 9 O
L tcOrsolz’ Is! MB83:L O Wtz dztss

MNDWI = Green MIR | (12)
Greent MIR
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TTo=aTKoBi Ta TeomeTpid pluKH ITudpoEa MoZens Tpianryaniina Bx17HI TaH1 110

TPAHHYHI YMOEH Ta BOJOCKOBHITA pensedy Mo Jenb I0BePXHI CTBOpAX I1ApOByIIa

Po3paxyHOK BHCOTH XBHII
IIpOPHBY Ta BHCOTH IpebHT
XBHIII IPOPHEY

Bu3HaUeHHT DapaMeTpis XBHT
TPOPHBY HA 33JAHY BLACTAHE R
Bifg rpedmiy pasiii pyHHyBaHHT

InMITAINHHE MOJSFOBAHHS
3aToIUIeHHT TepHTOpii (2D, 3D)

BuxiaH1 JaHi:
2D 1a 3D Mogemnt

{ Ik dzE @ sBE 2 Is b tc dgls tpidjsds@ dai dzdz s j o Is

JtejBdry G Htslsjande ydzg MmMfstezund dzOf " t
fcdtcsHdg Elsotstejdzdz? (ftedqtetsHdzg GtejBdz' ) ,
tcemdzO t' ysd. [y, GtejBdzWw (hdzs L, jMl
g d2 M ¢, fhtsB §  HdAwId t©'ejd ofHJ

fzshk ' klostdlsd ssHsMEIsadh .
zlsbyds Tqgj BdzHteslsj Rds yde Misekzud, *
fslstcjB ' oCd yosls! cjed ¢ Hisj djS

mMd Mmisj o3, HOMB d, ks fls d, COCd Ibtshts. ]

dzd L Sts5dzOf " tcdz' HB 10 d3, MJjtej Hdz s5d2Of ' toc

50 5. ¢ LOdjydsts o' H odCstedfiste zo Oded 7

B J Istsdzdz' , LOdz' L 5B j Istsdzdz’ |, GtcOo ' sOy"' 2 dz
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(HOBBd kBhs) O Hjtjo
sju' ‘%, bklowstssls! fw

/ BBe/ieHHS JaHHX 110 CTBOPY

rizipoBy3ia Ta TabIMYHUX
Koe(iIieHTIB
BBezeHHs qaHMX 110
CTBOpPaxX piuku

l

( iBigl gon 1
|

Po3paxyHok mapamerpiB
XBUJI IPOPUBY TIO CTBOPY

I

( jBin 1 oo 10 1
l
S:=0.5%(a+b)*d

S>o

Wdz'
h sz ydz'

HOB J . 1 ] te,
SO fftodtotsHOC

bp:=b(i);
b(i+1):=(a+b(i))/2

dt:=dt+1;

®:= 0-S;

a:=b(i);
b(i+1):=0.5*(b(i)+bp)

d(i+1):=d(i)/2

BuBeneHHs pe3ynbTaTiB
y pe3ybTyiouy TabJIuIIO

{ k2B S dzefn | 8O Odze st d Is iz
sjtedlstt’ 2

L 6OREdSE
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&ZOL do O s! MW ojternds d3 B' " WS Gtc B dz' o
sO¢C s’ fifamEzI iz B' ' Wsds. [Mlsse ctjBdz &2
tc' odg" otHd k2 o jtddds todsle jmlZ * W 'SHEtc jzB dz'SH |

1todyd dzOdzd tolz 2 dzlz & O dzdzv ' HietsIs j n dz2' Ydz
ftcd tctsH dg' wodhoO OBt Mlsdnr' 2 dg d&zd = O, WG
JtetsL " w T lkdzs' 9, ktcOc O didiczIRiazm;0 disighn sk
J ¢ zOIsOy"' 2 d&z s©O Isj - dz ydz HJWJdSCIlsd C
tcjyddizz osHBLBBWKGE, o' 2M: Ctse’ H'  Ith s,

] syOlkCtso s WOL ts8 1¢ ftostedo cGctcj |
flostcOdzz SO dzj C jJtcso Odesets fslssClz otsH(
ftoestcOdz 2z dzdydz 2 B' " W. L Wtetdzls® tf @sds, (s
Flso tstes ‘' Is! Mw "Reoddzvw ftetstcdolz.

l otg@dzL ! O felstsCO o Is' dzf (dzOMmd ¢ Iz
te' ysd, OBts Mftew dgdzj dzO@ H"™ dz2v &€ O to' y<¢ d,
LOCtkzlsk o {§tso ' di'n o dued dzwh tsif tdaddediotd® ‘ Is 4 fv

osHd, hts ftesoisHdls! o ftosteOdz s KO
0] &zdC sy tok2dz o dets® fd dzts .
[)j, o0OyOsy® H'W fRodd fustedsck

94 dzd G ts heodHC " Misk o SH J ,dzd T tizj dpdzg'e S wWzOH L
MdlszOoyl Oy 0 yd2 1 ddedzf ¢ ffestcdolz 6" HicsIs
[Mdzso dzed &3d § OO IsteOd3d °~° H" hodHC
s BYf j cOkte® otHd, YO ' Mdzzo Odedzwy =~ o d dz
10 MmMeots' ¥ w'Ldydstse ftcdtcsy st tcR 8 d deists
fslstsC Iz, ftcd wWCBsdRBkz M dted dzO, G dzd B d dz0O,
Ld3 dzt 6 Isy fgicd i YOs)sO roddzy dzsdzge ° hoadHE

sB' ' Bk ‘ G dzd B d dzqd osHBMatoadh O; f dzts |
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LORBIS O ysegts COdzOdzz; f jtoj f OHEZ o dMmtsls ¢t
stsf sctcOW ' ydedr Ediise tkzmdzO L Of dzOo
(BzH' adzdylsets Gtcj Bdz' ) 9 J10&d) U d dz L d2yf@iz! I
W stocdslz dAffls [ 1
H o = (84200 H)Y 2126 QHyy (2.14)
HHITcdzdB ddzO o SH M- So=4,578 fgls @dzQ B A 1dzj td3
odMmMlsO RetsmMtsatsets B' ' Wk, .
l " HYf B9 ' Hdzts, odmMBlsO ¢ie) B ( B m.AndsdPdizts o
[117]:
H,, = (8.420n H)"** {1+ g/2.126(n H) Q/H,. (2.15)

Wave crest Vdam

A

Wave tail Htw

[ J GJ W@ 0 dHC " Mis! @ tojHBwelE® dinasdsd® - o df/dA
Hwio dMsls© ctej B dzv ;Hbd[dda B df de@ teadt® Hzts f) A3s o
Hwioa dMsls®O rotMmlssoatsets B' “ Wi

{2 Mo v fstedolz O °° Mkl

1 OLodyo22 oj dzdyddzO o ddz f#Btcdlp 2 LA
HsMWwW eIl d&0 zodHGC' W Mmis f sh dted dadzv -25 9 d «
Cd3/ GtsH, O Hdzw ¢' tef! Cd-H" 1 Dte SHIZ 'casiim!. €
oddztctstcd o kz tclzr bz B O das/ofig Is M #c, 2580 " Is
OlsOMmistes ¥ * y dztisq s d Us@ldats jif2lz)) A0z U dzE6 e oL ISGHSEs {:
Hdzw L isdz dBtsy dzd o 56 52 ,L50Isdk/f fifzj dztzs d V g1 s Bz

11

L)
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G tsHJ dzd .

MmOt OC Isj to of dzdo Iz dZz0 tB' ‘' Cls 9 dL dzO
G' HiesHJ dzOd3' yded 2 dzOf ' tc o SHdzsEts f tSIstsC Iz
fclssC Iz; tc' o j dz ‘Is | mdPf)s ol P ¥ s 6 dgP dedzw tc Iz
LOBtelzH dzj dzdzv G ' HetsMW § tod, jtsL ' w, fJted

CG' HicSHd dzOd3' ydes™ ©OoaOte’' ~ ' GCOIsOMmlstesW ' yc
SOlsOMmlstetsW " Yydzjj L B¢ dzd dafizy dzd - 5 9 dzO M dz
Qo 0Ot ', wCj ' dgOfmdz' HEC s tkz?2 dzgzo Odadz" @

~n9ddzj s ftestedoz dzdy ud tesL IsOM s Odets” t
1 Oz dzd &3 § Otc OBy Istce OB §IOjstOddstictes' W2 y dzts ¢
- BOC M BBOdz! dets sy dzdo © o dMmMslsO ° hodH
-teBLOREdS s 2 yoOfm ftdelkzlslsw [ e dd
fzdzC Is) ;
- BOC M BOdZ d2O cdzdB ddzQ L Olstsff dzj dzdzv Is §
-lstcdo Odz' Mis! L Olststf dzj dgdz? IsjtedIlstste’
-9 BjYOR Lisded sy dzdotsets L Olstst dzj dzdaw
sOOmMtetsy " ydzO s ' dg tczr O Is! fmw L
ftedrotsHdls! (ydtejr HIVWER2 yofp §° mdv
sjtedlsste’" 2 h Qs d3d3.o sHd OyS5 iz klseostes 8 Is
1 58 dzO L Olststf dzj dzadzV (¢ L g 2 dats® @ldztbdizO | to* Yy < d
otsHsMrBoadh O) , hts fteddzw O’ HES IsjtedIst
tclz?2 dzz o Pulzdzyf sgpdzdL 2 iy dzdo sets tetsL dzdo lz o
o d dzd ¢ dzj dzdzw Lsdzd C OO jctsy sty gs@hes d dzOIs
L Olsts i dzj dzdzv , 9 By On WL’ fshdtes * Is! fi
LOEdBjdzr dzEHj2, tk2dzo Odzdz BEZH' o j d
y' dedetsfls § 2 . l sdz0 dzOL do O s+ Mmw L Sdztse ¢
Ltsodz hdzg' »n dBBiYOr odmtsls CHu)g tof B o g8 d(Taddivizl
24), © hodHC " Misy sdz2OH LG & &3/ M. Yy Ofy, f totsl

H v dgC d sy kls! §jtjskzoOlsd §'H §59jts
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HjS ' dz €85 H'B. 1 OtcOKj tsthHsAedtgtzPlse O ot id
otsHBMrsadh O, ZOf stelz otsHd SO " dghdr f (
5OCtY CG' Hiesdse' Yyddr ' bsfscteOW " yddo t

[fMizso dzd i3 W OCktstO®Rd ¢ Ol Ofstsdk & wm'd
tcz2dz’ 9 dzO o ddzw ftotstcd o Iz, o SH dzd 2 fsls'
sjtedlstte' ¥ & Myjosfmls' O B' ' $kO. If§d
of &zdok EHOWdS Rodd “wHjtdscs odBLER
WOCkstcO®d fodwcEOsls! E L dzOydsts d3j dz" ‘2
teJ ysoddzd k =~ o ddd.LijdOasdicsk . § OOty Istcd = o

ZO L OHOMR? ' o' HMAEEM OHSEZ ° ° tkz2 dzz 9 Odadav
1dduy o209 jHjdets ftsfmdz Hiseo dz' Mis! tisL to!
B3 IstsH Iz.

Yy Off dzOB dzd j dedzv Roddz fostcdkHEo gL d
HiSte' 4ldzy.
¢ = R
™ 36000
[ dzv L tsdz dzZOHL o9 dyO2dzts dzgjBJ L Jydetsets 1
V=255 3/ dzv L sdz 3y dZ\e=b2td 1dP s f dzj dzdzw
Il dmMtslsO roddz' tokzhdzDo © tzBzi SO id®m * ‘dAds P
[115]:

G tSH (2.16

h=m, o3, (2.17)
HniSsjWw' y' " dzs, s LQQezj wlstspd * B 1s®" H
Yy O M stesy dzgj dgdz? o sHBMatsoadh O L dzOR SH

T:L, (2.18

3600ON(B @ s H,
HNTRBOSC Md 30dz! dzO o dlstcOIsO otsHd dzO 1 3
YyOf ftotsatsHY jdadgw o dtztzO fic@ic@aziz? (&
sB' RihWbOdztso dIs! :
t=mad, G tSH, (2.19)

HmiSCts W' vy ‘" dals, hs LOdzjydl! o' H o' H



Il sHO BEH] odl' COIsd L oBHGSMraadh O +
BkH] odyjtfOdd?2. 1J~02 tB' ' d3d 9at8Hd o
sMC " dz ¢d oeBHO o ' Yy Isi yd ¢ tsmils’ 2 dzts
Yyqddetsdz, tetsL tcOrnlzdzs¢ BEZH] ftesotHdIsdMm! Is
o sHBMaadM O, Mftcw dsso OdzO o COdzOdz L OFC t
f dzsh ddzz L O tesLtg @ z dzlysievd 290 dqu@ispP Y4 dzdzv 9 d
sHJded ys Jupiilz o dif sted Mistso 2 s W tstec dzlz dzlz :

Q:VtV. (2.20

1 ‘dh st BBSCIEZ:

Q=wq (2.21)

Hiwif dztsh O s jted ydeses fjtejte’' L 2 € OdzO

Il dL dzOy0' dits f dzsh iz s jtoj ydesets ff jtoj to

w="_. (2.22
1Y

2" COdOd @ L IstOf jy' * §H' BdB4E o
Citdibtedyds jdzj Bjdasd odL dzOYOs s W L O
i zsh O Y jtoj ydesets fjtjte’ Lk (f dztsh O
w= (b+ mn)dh, (2.23
HimMiCBj W' y' ‘dals Eoddzz, hts Hist' o dgs
His odMmwS)d (ted

a
=—. 2.24
m= (224)
iLd3dsyko Odzed?2 f jted d&3j Iste:
c=b+2hJ1+m*. (2.25)
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ftestcdolz, o' @3 fste' ade " s ~ L OdzOdz
LO odlttOlslk, ®ltedd3Odsz L ' odgvdzdzv, Ists
Gsted L tsdzls Odz! dats’ o' Hd3 IsC (. [ ©dz' d3j IstsH
"sjteOy' 2?2 ®wBRIiYEZ Bs HEt 10) L dzOR sH d d3ts
Histc' o dgb OOz’ Isdydets totsL tcORtso Odz 2. [ B
fdztsh ® s jtoj ydssBos § jtojte' Lz (tedi

b1

\ 4

A

5 river axis

&<

1
S2 | h2
h4‘*
\ 4
A
h3
4 \ 4 L 4

t dmkz2eE ¢ Ot Od3d sted IstcOf j y° ' f SH " B dafs

S4 b3

S3
H

a
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CtesCtsd3 HdzW o dwe dzj ddpbsds Pl st dzj diz - 5y ' dzs
L dzOyj dzdz? IsO dzjtsBr' Hdetsfls® o' Htc' L dedIsd
fsCtedo’' @ LOLoadUO2 odSttedmlssol’ ls1W|w s,

[ dzw o dL d&zOyJ dzdaw f ctcsEtso SE s L dzOyj dz
C zOmMdyudz (8SOLddSd IsjShsktgd zdy * d das
HtsHOIs¢ OR ' YJ e L HyW'" ydls zOL j§ d3dzd -
COtclstsctcOWzo Odadza? ftso jdaj 2 CtOhj odCtsted
odwodzj dadza" L B dz2 . P zetstedlsdzd dzj € tsdals tets dz

ZOH " 2dzdd3d L OQoHwCd odh "2 hoduHCtsmis' , d3d
yofmkz od¢ sdzOdzdzy B yd mdzj dz' , hts LOBJ LY.
[140].

1 Jd Stsdzstetsdz s Odz' Bj stsH odw o dzj dzdzw
Qo lstsdBOIsd ydetsets o dL dzOyJj dedz? L d3' dz 2 L tsB to(
B Yyjdedes HOdedr. Aj twtsBdls! A BB dzd 9 ts
jWjClsdods Mk w©BEtseCd ‘' Stdlsdydddd, O

sOC' RjlksHd HGLoBdYsls! fjwOldsdis to,
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fmls O dzlz , sO¢ " we e jds ‘ LOBJ LY jykzs
sjtedlstste’ 2.

]l tsHMIs"f [HCte] Mdzr * Is! Mw Ctedlsd ydz©® o O
9 tjydd3', BdzdL' Sz HB tj Odz deseg s YyOM
CGdzdBtsE B8 dzOo YyOdgdzg? HzYW LBBtGE HOdZd~ L
Hisfpdz' H Y j dzdzv ftej HiNlsOo dzv ° iWicClsdoe dz d
ftedmlstsmtse Odzd H dzw dz0 9 Y O dzdz" Isj Miskze
Hisfmdz HY J dzdaV fsCoOL k2’ , h s LeGtstelsC ts9°
sStcOHdY" 2dz BjlstsHd odwedzj dedgw ftso j dzj 2,
BdzdL ! $dr HB toj Odz? dese s yYyoOmk.

L tcsB B’ (el HMIsOodzj dzes desoaz SO dzOH
ftso j dzj 2 z tj Odzt desdsz 4y O’ zO0 thdese
GdzdBtsCseB8 dzg09o yOdedzw, oG dz¢¥ yo¥ yd Random
dzj 2 tc s dzdz’ BJ 6 " . AW MmdMmlsj BO M v dBs o (
otsHd SO ftosegdesL o Odzdzy  sIsjdzy’ 2dedm 15
stsets, WwWC otsded © HBEHEI!'! MW. AJ HEGMHd H
tdelsj dzj S sz, "dalsj dzj SlszOdzt detsc ts OdzOdz' L Iz
offtcso OHYy 8 yd ' dedeso Oy 2 dzed?2 " HR " H HTS
Ardui nodidtsH JGBOIAR] .

 sBSKE3P [ BMjtejHYJ O dzO Issydz 2 ' HJ dals
LO HBftdBktsets® odStstedMmlsOdedzy f tso dz' fMilss L
f sHoO  2dzd nm f Olsy' o, weCO odSttcdMmistso 2z
dz0o yOdzdz? . FCN dzgjL Odzj y dets dzO09 yO¥ Is! fmw  dal

Bzdzt Isdmyf j ClstcOdz' dgdm L sBGOY jdgdgv 7, N ts
we' LetHBAR Sdi3B dgz¥ Ist Mw Hdzv f 85CtON j dac

VL sl fflcd HMIsOo dzj dzs o W o dzj dzdzv  t
fshd Hsodetsfilsj2 MefklsddSsadn Ld &S' o.
f'HoBH' & Cd&OmMdudtsets StBf' ssjedset L
tejLEdz sOIsd " HCtojMmdzs s Is! jWjClsdoedz fMls!
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ftso' wWLOdedr 'L LO9HOddz" &3 Medi aEval,

COOMEsY ' yddn fH' 2 ' odSttedmlsOdgdzy
widzlzs ' BB IssHd odwedzj dzdzg?" SO C Ofelst
SBd3j yjdz . stodzstetsdz soONz Rfg ss®@dSVHEOS L

ZzOw 9 dzts M ls 9 J dzd € t5° C'dz CsMmis’ d3' w4 dzd
ftoesBdz BOIsduydzeddz & toj Odzr degdr Ed3tse Orn . [ ]
CNN IsO FCN, Ay H] i3sdzmistclz® Is o dMmt
sBydmdzse e Odzr dedr toj Mitem'™ o Bsy s B Iz Is
sBMWGe' &9 HOdRs k2 tjydd tj Od dzsects yOMm
L 3" dz, Antsyo ‘ B' dz2h dzOH' 2dzgd g IsO h .
YjtejlL 9" HiMkzlsdz' Mmis! fsfjtejHd S8 dzOo9 Yy
ftcdLotsHdIsd HB odMmtslts’ YyOofmilssisd [ dB dzt
odwedzj dz' . st &3 Ists@ s, 9jdzd S O to' L dats B3O d;
L Olstsi dzj dz Is© dzj SHdztstc' Hdz' fMls HOdzd » [z
BsSHjdzj 2 HdzW odWedzj dedzgw ff tso9 jdzj 2. [ B dj >
ftosmMisttcso 58 Is © Yyomtso s tctsL H' dz! dzts®
fjeih SBHESY HAEY Isydsets ' MmMots’ YyoOmdetsae ts

1 O¢ Odz! dzO MlstczCIskztcO LOf tets tsdats o O dzts
fted HMIsOo tzy M@ dz&iO D S dz¢ YO zOMmiszf dz' J s
Mt lsdditsoadrn Ld B9, ojClktstedL Oy v ]
Is © G' HietsEe e OW ' ydad HOdzd - , tesL tetsB ¢ O
HsMdz" HY zo Odets” sjtedIlstste’ L OMmistsmMkzo O
BSH j dzt 9 Odzdz |9 jOdsdedfisoRy‘ dadzs tc d d30 dzdzw COwlsd
L Olstsff tzj tzdets stc’ 2

) f &zOIsW stedzd Copernicus Open Acces
Ldz &3¢ d L Mz s B & adarsthitmady L O9 Odzls O
o dCdalz’ s mw toW H fsff jtoj Hdz R sBtotsB t5¢
OldismMW¥ jtedze Ctej Cy' . A Ctstej S y' -’ my
Mftslsotstcjdz' , sOSdr wW¢ ofdzde OldisMmW j tod

hts sy k! odddSOkd § ' H YoM L2BHRES] |
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{ OH BBjtedyud® CttjSy' W LOBjLYjyuk® o
o j &zdyuddzOds, s HEMWEO ' Is: MW h&vAisd §jts,
z L dzOyg dedzv 9" HBdo dzts’ L HOIlsdzsfls ' . A
COdz' Btokzo Odzdz144]: dzfls to iz B dzls iz

t £ LTOA
] © Mg = 31
HB OB & dZ:EJCQOS@)sz (319

sun

HjL., i 8OH' Sd&jtedyudz® wmnStOs'  fise, idzO
M j ClstcOdz' dzgO fyts dg W @z’ & tadz®) Is @dzldsO ; iy fty 82D dz,

1iddzjs ' utdyjds o Ombstsdesds yded & tsH d dac
dlscksmY jtedz0 CtejCy' ¥ kMkeO' jWjClsd
o ObdsMW jte', s LdOydks SOz’ w§' flk

| tetl' LOfksfitsdss Odts sdstedflsOlsd
BOLE  Is: Mw d&O ftedf kzh j dzdz' , hts dzO21Isj dzdz’ "
OBts Is" dz@ ) dBOs Is! dezdz' so-2C 9" HBzDagedzdzl 1 O
ez dzv, * tojLBEZdz Otsdz QER4EsMY jtodesets totsL f

1" H ¢ B Qdrz0 y F @adz"DN (3.16)

H DN, T 3" dz' d3Odz' dzpPNlz daOtg teLozy j dzdz' .

1 fdzy L 0o Odzls Oy j dzdz” 5O ff 5§ | tajds dEsls .
LH' 2Mmdgs " s+ mw " n fJtcdlse stej dzdzW 74 94 ¢
fsHOd "ts' tBteCidy] JlfiEtsteicidL @'y lso sts.
LsBOY jd2 (f SMjd o) bk ojSksteds HOd
50 (SdIEsdA)?2 jOf HsLotdY: B  d h jW.
LOBjLYjuykzr yd CtOhlkz " dasjcectcOyY" & L ©odgh
Ld3d dz2h ¥ yd tBMWE HOdd-R. 1 jSktstedL Oy' v
Cdzs ysodrm jIsOf" " 9. wfyOlSlkz L tBtcOy j dadav
sB' ‘Clk's @O Ghdsse' ' Sd °F mMfjSCktOd d
odH' dvsls! v Ctdlskted ®B' ‘Clk'eo, WwW¢' |
Wstedkd. stddskted ®B' ‘Cls'es fjtojlsottes & Is!
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Shape files
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MYy tetsh j dadzw
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[ dzv

Y! 56 s
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Is G
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BugineHHs
noBiHewn /
3aTONJIEHHSA
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MopentoBaHHSA
3aTOMMNEHHS:

t diipzts 81 437 | 3O

| Oz ddd jO0ftsd
ftots tsif OH ],

H Odz
W OCkstd,

w g

® LUBUAKICTD;
e rNMnbuHa.

v

KapTta no 3oHam
Hebe3nekn
3aTONMNEHHS

LOf tetst sdztso Odzts’

By ks

L Oo Odzls Oy j dzdav
Isj i3 J et OIskztclz,
off dzd o Olsd dz0O

WS teds
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LOLO dyo?2 Bsltedd@Bizsls! Mw L d&jlsj cstesdztse ' yYdz
[ dzv Htsmoz" HY jdedew o 6§ G' tsdz [ 2B 02 Bt
MlsOdzy® 2, w¢g' L dzOydetss 3 totsls j tdndf labs|tens Ads! d3k
tej e sdg . I tded oCdzt yorils! -k aedzy' -Pdrizg €
sMC & §d HOd fts C' dz €' Mls! fOH" o
BsH j dz¥ 9 Odzdz? YO jdzgj?2 E t6jGc' sdz .

] " HiesegtOW "' ydz fcsCOLddCd o€ dzx yos Is!
o BHBMatBoadh O SO ' dgh* o tSH dz' sB' ‘ CIlsd.
heodHGC  Mmis! Isj uy' ., sB' ‘&3 etHd IO  dzh
HddzOd3' S 2 IsQlstfsdzjozW toctso O  dBtsH j dz tcj dz
Csli3f sdz] dzlstsd3 Hdzv OdzOdz' L A [4 Pt fizspls @z dr'O'dz
stcdodd3' tedze yYydWwtetsolkz dsH | dz! fso j ton dz' )
fdztsh * . AW ssHjd odSttedmssolk: k! Mw
odL dzOyj dzdzv L sdz d3ts yisdpceodidsciifc | 12 @ds ® dzldz)) xiddz" s
9 ' Hito Hdgdm HY Jjtjdz, IOSCdrs wW¢ USGS OBt
[ BlotsBASS@ o € dzs y O L G dzOH X z 9 Odzdaw HOdzd - ,
LOf sodzj dgdz?v fJtesceOdzddz Hdzvw L OB LY J Ud dedz
Oz’ L. twjdzt ' Wk oditstdMmlssolz’ Is! MW Hdw t
"degh dr R OLOSCIsjtedmisd <, o Oy dzdoeadnr Hdzvw d3t
L Ols s {f dgjj dedfvls ts ta)' fip" L 2Oy dzdzv o dMmslsd o '
BjteOn o HdshMdes ¢ js’  HO WGS84 EGM96.
WGS8 4, O CtsjW' y' " daelsd tsBYdMmdzs 8 Is! Mw-  dzC
noddzddesdzd s MmMjtojHdz = o' dz dzgdr ctcOo ' SOV
Slstcd B3Odzd s L MEzfElsddt &« ° BjLYtsMjtcj H A

1 ° fdzw 9 d & 5dz0 dzdzv 94 ShstedL Oy" ’ Mz 4t
Cdz' BOIsdyded =, G' HWEGcOMmY iz SO H O B o O
OdzOdz' Lz IsO dtsH j dzt 9 Odzda" . K isofd
L Olstsf dgjjdedfisles@ ' BsLtecsBSCd COtels dzjBj Lt j S
JWiClsdodzsets EZftcOo dz' dzdzv tedL dS OB fts9 jc
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dlsotstcj dzdz?" BOLd CEitsHOdd-. uwffsyoObktlk
WO2dzd IO tOflstctse L 5B e Oy j dzdzV , w g
l dL dzOyoe Is! Mw I[sOBddy" sO ftsdzv HBzY LB,
Mistclz € Is iz te® jHBAA] ~d, wWeCO LOBJjLHJydls! Y o
L Bj to' ¢ Odzda HOdzd ~ . 1 OLO ¢JjtsHOd] R fls ¢
"B stelskze st M e d= ' HdZ H O dz' L o ' Hf tse ' H
9JClststcdzgdr IsO twOMmMlstesoadrs HOddr E odL dzO
Yy dz' mdzsmis” HOdzd n o MisOdztso dzs & Is! fMmw L o'
LBt ¢OIsd dzsec' ydz' o HdesMdded o ¥ to' L &
" demistelz 3y dzlsd  QGI S, ftecsotsHdIls! MW toj HOCGL
Yy sz j lsOf " LOMmistsmtsoa z* Is+ Mmw Odze sted Is
BOh d dzdzs e 5  dzO 9 Y O dzdzv , Hdzw OdzOdz" L2 L o'
y' dz sedd3d &' sC O3 H dzw BJLY jtoj tco dzd m
o dCstedmissalk’ &jlssHd odL dzOyYj dzdz® L &5 dadk
Hsd3" h s¢C, hts cGjdajtckzs s Mw o Ctoy dasdzglz @
sflsdd Lisls: Mw 8O ' dgHj SMkelss Mw Hdw ' ¢
HsfMiszf &2 His dad = .

sdzOmdW " ¢oy'w ' H Ctoddstetsdzj &5 f tsh c
CdeW st dzOy " CL L sBtOy J dz' , hs o Cdzs yo
CdzOmdWw " ¢oOy" & . 10 Jjlkof’ dz09 yOdzdzy H dzW
tcjftejL J dzsOIsd o dzd n LtcOL €' o9, wed?2 fn dziz
CzOfmdW " ¢Oy" . 10 JjbOf CzOmdW* COy"
sYy' dSd 2d@se " dsfls' boets, s Sty jd §° ¢
CdkOfm' . 1 ' CMjd CkOMdW Sksils: mw o' HYt

IR ' tedz Mist , o dL zOWME IS UG | &Pk ts o d
COLlstcetOW o Odadz? L Olstsf dzj dedn Isjtedlssts’ 2
B 2t dedets’ Bjtejy' Hdv CdOfMdY T COyY' " ks,

ftesmls' to, L Olstsy dzj dz'( tc bl c2 [SHizts dz' ls Oj IsiErhc
9 Cdzs Yo" Is! f" " HeBlsse C & dzOo yOdz' dzgdr= H Odzd
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sBtesBCEZ LO HBYGSHBSEtsE LetstclsCtsoadr h Ote’
fcodesL o b6wLdzgd?2 h Ot SO tsMlsOIstsydzz ¢ &zOMJ &

1 © fJteh sizkz JIsof " YWitedzz ' s mw dz0O o
mMzf zlsded ¢ s9 d n L-22° d3fS o Is @G e nft' ifpded j tod Gsldstict
1 5BtOY J dedeW ftetSm SHW IS fsfjtcjHA® tBlctsSB
HOdzdr. 1 ' Mdzv y! sets L dzg BCd  sHOB IS Mw
[ Mdztso dzO Yy OMmlisd dzO Otcrn " Isj SIskzted ¢ dzOH O
HsLotsdzwels! odwedlsd dzst Odz' dz' ¢ aChyEfmpzd o 1
LOItsf dzj dzgd» Isjtedlstste’ 2. 1 " mdzw C sy detsE
h Ot BRBOSMHIBO detsets ' HiMfzd@iso o Odedzy, w ¢
H Odzd - Is © LBjtc' O Cdzt ytso shtsB dzd o ts
fcodetsL o 6w L dzd?2 N Otg, wed?2 HBHOICBo Tt
CcONsd3z kL Oc Odz' dzj ta@® yP @zO®C Is i tod Mdzef & Is f
stcOdzemW J tcdes e &5 dzO 9o Y O dzdz™ odStstcdmistse 28 Yy
ResNet50 w € sMmdztse Iz H dzw J SMstz®C yts§ Isd 3L
odStstcdMmistso & fsls dheds' LAQIate SO WEZzdSy' v ol
JdzZlstetsy " . 1wy m dzOo yOdaedzv Istedoa ©° 100
CBJ W y" " dzls’ 9.

MosHaueHi 3paskm _

YOyTHUKOBWIA | | —— — | it
3HIMOK [0 : —> [ I
3aTONNEHHA e 3 bt KaptorpadysaHHA

3aTONNEeHnX
TEpPUTOPINA, BOAHOIO
NpoCTOpY, CyLui

_ .
YNYyTHAKOBWIA | —> Ly ‘
3HIMOK Micna o ;
3aToMNneHHA :

> NonepeaHA > CNN- > HaBuyaHHA
obpobka Mepexa

| | | F5%

JlereHpa:
| |- Wwap 3ropTku; - lWap MakcumanbHoi niaBudIpku; - LIap 3ropTaHHA Y BEKTOp;

[ ]-cywa; T - npouec HaBuyaHHA MOAEn.

{ 897 dten ' Is | Gjskict®dzdzts’  d3j o ¥

| - noBHoas'asHui wap; [ - satonnena Teputopia; [ - BogxmiA npocTip;
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[y @O jWiSkdodetsil' dssHjdz fetsosH
o JCtedMsOdzdzy &5 5j sted S Iksydshs' O ol
LsBteOY j dzgdz? € zOMd¥ ' Sksls: Mw HEs ftcd dzOdz
(otsHdd?2 ftsfhis' tc, LOsfdjd kjtdsst' '
1 HeLotsdvw® jWjClkdodss 'HjdsdW ' CkoOlsd

BjlssHd LetstesStsodn HRBjtjy * IsteOdny j tcdzs
Mickjdsoy ° kO CHOMdY ' SOy I©jtedltste’ :
] R Hdzd?2 MOt fdRROB LiIsB 6Oy J dzdz¥
H3Ws3 C, (3.17)

HHio MBW O Jted WA, d €' Mis! ¢ OkOd o .
sdzosdzs ' 2z MOt LOMsshsok: W' d ks
Yi,j,k = a Xi+m,j+n ®Vm,n,k + h< ! (3'18)

HXTonrn' HAGWIaOd , W bz fipidd 9od - * Hdz' tsL dzOC
f OCId B3O tzH tiplr B3SO Iz 9o Ocdzdzy L d3d dgh 2° tetsL d3°
YiyJ',k = r?l?XXS(i,m),S(J,n),k ! (319)
HjTtesL 3 t6 9" CdzO " HMkz i3so Iz o Odzdaw .
ZOB CEtstols Odadaf jlc jdsjoMslictstt B OC Olstso d di3' to dz
9JCIststs.
] so detsL 9h6@te dadRS stedMmlstsoz® WEREy' 8 OCI

Y = f(AW, X, +h), (3.20)
j

HFiWEdSy' v O0CkdeOy' ', dOfteds dzOH, Re

[ SH | dz¥ 9 Odzdzy o jOdsolY i Cadtzvy tso B3 j s Of t5 B3
ftosc datsL zo Odzdz ftslsj dzy’ 1@ jdadFls s tcsizdztst Ot &d
o dCtsted MisOdatiy s e * ydzdrn, SOC * ¢@¢' HtcOo dz
OOz’ Lk B®BEMWE &9 oBHMMsSEE Msstkz kO I
o dL dzOyJ dzdz' L sdz f slisjlogye Risistag't®  1f @ st sdijz
oS stedMmlssakze Is! MW ' HissdzsGE ' Ydz© BSH | d&
hts Gjdagjtelz s Mw ' H of dzdotsds j S Mmistej dBO &z
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' LdedR Mjte' 2 YsH'2 E YoM . | Hisbdsc
L dzOyJ dzdz" , otcOntsoalzs yd HOdz ftes s OH(,
LjBdzj CstedMmiskze Odzdzv, 5OC' W ¢ totsfdzd dzded 2

"t dzlstso et dtsBjO® ' ¢ HEeSEBOW, W' 9
sjtedktste’ . 10Mskzfdd?2 jkOf §jttjHBOYO
tELEOREdSlE bdse kjy @ (skssSk, LsSt]d

L &3 ok § slsj dey’ 2lezste @ls siicP R 5§ dzYf ez@etizdzy L
Isd ted Isftsde RdzO " Is+ w1 " &3 dzj di3d dels Oy T ydwt
WoORdkz M 'lkSd ASCII. £j2 WOo2d * & dj dijc
QGISHdz" fBHOd "’ sB totsB S9d].C ts flzlz y t§ M bpy dzdd
ASCI I WwWOo2dkz, ftd y!' skkz twsL &k e " ¢ d -
5Bt ! MW L O ¥stedkzdss :

035/ e 2= ¢ 35/ | (3.21)

HiQ.,. 1T RBOSMHd BOd dd?2 Mmils' €, L tc O fsio O dz
f dzsh O Jd dzj d3j dzls © M s¢d. wdzls j tof sdzw y' W
tcjftojL jdzsOlsdodzes odMmtslsd Sy desets | dzj did
[ dzv  stsH j dzt © OdzdzY dzj B J 16 { o tSLtc@ dntistfisdz jizc
Ckzdikz dzv Is d o dz' L d&zOyd dedz? f jto' SH' &8 (59§ tec
Cdz' BOsduydzse s IsO G¢' Htesdzce "' Ydese s dtsH j dz!
w ¢ BOSC M BOd d&zO ccdzdBddzO (slstslE Is ©
sBtosBdzvE Is! MW E ftoesectcOdRdesdzz L OB J Lt J Yd C
[dzv sy de€d dzjBjLfjSd L Olstst dzj dzdaw
odmMsS e, MjtejHdz sEts SO deL! Stsets oL
[ s jMO. 1 tded o9dL dzZOYyOHK s Mw L O S dzdB d dzts ®
v, (3.22
H¥ihoadHC' Mis! sl iz.
10 ted S dz@m 1, Bwbldg@ ', 5 3/ i) S dzOMdW "' Ckz* Is
dzj Bj LY jJCd.h<fltsBdhesl ), Guad ) C zOmdwW "' ks ls! iy

dzjBjLi jCd. hqOsdsdvig 0,05 13/ ) 9903 0O Is+ Mw
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e odgv dzipBdLBEECIHOISd ¢ d&ZzOMdW ' COy" 9" HI
Ccdz! stetso 58 "dzgHdC Oyt ‘s e odgv dzjBJL U
yBolsd?2 Hdzw MjtejHdy Sets SO L j dzj ded?2 H dzw

33l e tcOBRBAZO toj Odz' L Oy Mg frplsjjsidddzt ste 3O Y

331 ¢tn 6] Clstzlc®tcdg@Misy ay

) tctsB tsls L Of st tsEzisis P ddzjziic’ datshd tiztc o301
Isj mn dzsdzts G * Hdzw ftosedetsL o Odedzy SO sy
BOGCOIKS i sdzj dzls dzts i ndsC Wi dts dzOwW @' f &
3.10):

- Cloud Server (n®Otdd? MmMjtco jtc; HA

- DBMS ( MdMmilsj &3O C J tclz o Odadzw BOL O3
HefMszf sd3 sO BB SCd ' dWstcdzOy' )

- Storage Data (fMatsedhj HAv LBJ '

- Virtual Desktop (9 tlslzOdz! dzd 2 t
HssfmMlskEfz HB tj Mkztem' o)

- GI'S Software ApHIOIsCat iHodns QdzQuae L
HOdzd =)

- Webservi ce "I nt er-gctba 'vig Hmdz'p " o ‘(|
" dzls j tOCIsdodets’ S Otelsd tojLizdz IsOIs' 9)

- GUI (cteOW'® ydzd?2 " dzlsjteW j2m CStstdmls

Il M Jdzj d3j dzlsd Oter " IsjSClkzted fftOyYs® v ls
JWJiClsdoe dzj L B d tc O dzdz" , L BJ tc' ¢ Odzdz™ , O dz
ftocsGdzsL zo Odzdzy § 59 § dzj 2 .
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IMmopr AaEHX I'pebai Ta
T1ApOeNeKTPOCTaHI T
Jogasanns mapie
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3aTonieHH
ChninsHHEH J0CTVI
BuGip 6azopoi xapTH KoprcTyBanskHi
peKEM

{ d ik dzBCu I8ts IS Is Iz tc Qe * fsRilie ds@ ‘o dzlt s tefgsPiyls P s
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# Dams & Flooding GIT - O x
Dams & HPS Floods User Mode

Enter the parameters:

T- time:

V - flow rate:

x - horizontal coordinate in the direction of flow:
g - gravitational acceleration:

h - water depth:

Jf - lengitudinal slepe of the channel bottom:

5f - friction slope:

U - average water velocity:

Download satellite data ‘

i

Data validation Download the technology algorithm

Calculate the flood zone |

Data visualization

Geoinformation technology for forecasting and mapping floeding an accident at the Dams or HPS
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§ Dams & Flooding GIT — ] ®

Dams & HPS Floods User Mode

User manual for Dams & HPS User manual for Floods

T-time: l:l Radiometric brightness at the top of the atmosphere: l:l
V - flow rate: l:l Spectral solar constant: |:|
% - horizontal coordinate in the direction of flow: l:l Sun's zenith angle: l:l
g - gravitational acceleration: l:l Distance between the Earth and the Sun: l:l
h - water depth: l:l Time: |:|
Jf - longitudinal slope of the channel bottorm: l:l Duration of precipitation: l:l
5f - friction slope: l:l The amount of precipitation: l:l
Rttt at S e l:l Download satellite data

Download satellite data . 8 8
Downloading a circulation topo map

Data validation
SRTM download

Calculate the flood zone .
Parsing download

Geoinformation technology for forecasting and mapping fleoding an accident at the Dams or HPS
Calculate the flood zone

Data visualization

Geoinformation technology for forecasting and mapping flooding an accident
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