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ANNOTATION

Kereush D.IMethodology for theefficientuse of land resources for tparpose
of developng the solar industry on the basis of Remote Sensing and -GIS
technologiesi Qualifying scientific work on the rights of manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) on specialty 193
Geodesy and Land Managemert 4 Architecture and @Gnstrucione). 7 Lviv
Polytechnic National University, Lviv, 2019.

This dissertation is devoted to the development #m&l substantiation of a
methodology for thefficient use of land resourcés the purpose of developirige
solar industryon the basis of Ren® Snsingdataand GlStechnologies. With the
help of this methodology, the most suitable places for the location of groandted
industrial solar photovoltaic power plants were found on the territorgastavna
districtin the Chernivtsi region.



In section 1 "Analysis of the use of Ukraine's land resourcethénrenewable
energyindustry, the current state athe use of land resourcesthe dynamics of
renewableenergy sources development in the fuel and energy complekraine
and the legal regime ¢dind ofrenewablesnergyindustryare reviewed and analyzed.

It is established that on the territory of Ukraine therabout 10%of land that may
be potentially suitable for placing solar photovoltaic power plants. It is detdmin
that state incentives for the production of electric energy frenewableenergy
sources in the form of @greer tariff, an allowance for compliance with the level of
use of Ukrainian production equipment and auction prices have a positive effect or
the development afenewableenergy sources, which is particularly reflected in the
dynamics of solar energy developmenyears2016- 2018. It is established that in
Ukraine there arefavorablemeteorologicalconditions for the development of solar
enery - the annual amount of global solar radiation in the country (1-Qr@50
kWh per square meter and above) is higher than in Germtlreyworlds leader in
the field of solar energy.

In section 2 "Development ah nethodology for the efficient use oénd
resources for the purposédeveloping the solar industra methodologyfor finding
and analyzing land resources for their further use for the needs of the country's fue
and energy complex, namely feolar energy facilities groundmounted indusial
solar photovoltaic power plants with a capacity of 500 kWtaghberis developedA
technology of selection athe land plots for optimal location ojroundmounted
solar power plantss created.It is proposedo applyFOSS(Free and Open Source
Software) Remote Sensing data and data sources which are freely avaiaiiger
to allow all interested investors, entrepreneurs, authorities to follow this technology
and create their own Land Suitability Map for solar powemnd for free The
method for selectinghe criteria and requirements fahe optimal site selectiomf
groundmounted solar photovoltaic power plants has been improved and
substantiatedApplication of the method ahultiple coefficient of rank correlatio
for determination of theonsistencyf expert judgments with respect to the selection

of evaluationcriteria, and the method @fnalytical Hierarchy Proced®r assigning
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the weights to each evaluation criteria tetermire their relative impaance inthe
final decision, ar@roposed.

| n s e cBxpeamentaktudies(on the example of Zastaardistrict inthe
Cher ni vt anapprobaton of th¢ocetical studiessahectionof land plots for
solarindustry a the territory of the "pilotZastavia district in the Chernivtsi region
was performed. The evaluation and exclusion criteria, which are taken into accoun
for the optimal site selection fasolar power plast are determined for this territory.
The consistency of expert judgments ssablished, anthe reliable weight for each
evaluation criteria is determined. The procedure of Ordered Weighted Averaging
performed to obtain an initidland Suitability Map for groundmounted solar power
plants and a proceduref supervised satelét image classificationvas appliedto
create a mask afnsuitablelands for solar power plantsThe finalLand Suitability
Map with optimal locations for solar poweiants is createdt represents 58 land
plots with a totl area of7.56 sq.km (755.74 hectarey which aresuitable forthe
placement of groundhountedsolar photovoltaic power plants. The efficiency of
transformation of land plots to the category oflands of thesolar energyindustry
and the annualgsformanceof solar power plants locad on selected land plotse
determined.

Keywords: efficient use of land resources, solar powants RemoteSensing,
GIS technologies, FOSS, criteria and requirementssiit@ selection, method of
multiple coefficient of rank correlatioAnalytical Hierarchy Process, efficiency of

transformatiorof lands
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z 8 Mlstsifdzn dsdzinvwdz' , M ygt® tsanlsy ' dzs dzz  t6* o dzd dzdz
f' HeBHdtesL H@PWEiptOddrdaydzd = B * CIs' 9. v &'
LB " dzt hiz' Is! Mw MEC dZOH Az MiIs! Jetsy CIskzeo OdadzV ,
LB dz h jdzdz? 9 Otelstsfls’ mMdMmisj d&z3d . L s Gsdftze €
M ddzOr &ty J ftede j Misdr HiIs f totidsdzj2€eR," fflsts o GV
(Brewer, J. et al., 2015; TahrM. et al ., 2015) . A" Hifstes|
LB dz hjdedgvw 9 Olstsmis’® Mdmisj dzd .

J &z' sj tcOlskztc' " Mmdalz ojdzd ¢ O t' L d&d @mw
ftedHOlsded d3d HdzW Msdew yded = J dzj S IstetsMmis Oday " :
d3j dzh j 3, Karriohat @.n2008a; UyamM. , 2013),D. 5M. ( SRO @
152 0 A ( AN M. ethlt, 2011; Castillas. P. et al., 2016).

Vandd L j di3deto f dfdssoQ‘tcrvdf dz0 bk d3seo d s lsd di3C
slstsy dzj Slstedyded s dBsSHEZAZ 9, IsO¢ ‘ zO Is
slstsj dzj Clsted ydats’ Jdzi CSlstetsmilsOdzy ' . l 9 0yC
tetsB dls! Izfls Qidlts oLCHZ' Asijd2jddzdzs A , 1§ 16 @sdafizel gftide] ¢ @
Ists IstsH'C MAftisd & y-"fs dipq diddgtlzts ® | ton dz2'  ( a d dz' o
' tof!' AldgjeBES © Issh 5) 5 o' HdatshdgjdzdesO " H sL dAPIs
sM¢ " dz ¢d yd By J Bklsd djcect¢ts Csdif j dzm
Wslstsj dzj S @Odaded B;, G@GaR] Ctolzls' ) YBY s ~dduydz®@n , f
Msted dslzs yddz W OC Iststetsdz, ‘ o IsOCtsEzzd 8228 d
fsBZzHBSe OdzO Is' ds'teC d dzds s O dzh (2 roziigfs iy’ j eo ds' fipipdats |
htsB ttedBOId witd®ktscO® B' dz h & ¢ ‘tedz’B UZd figlis o
J &zl SIstetsj dzj tcc *

vy B jJcOszte® jiEsMswey Hdz2! 5 o dzdo O d&zO
jdzj ClstesMmMisOdzy " ° sO dO fJjt' sH -y CigE &L
WiBlsts] dzgzB &5 d BBt i Bdlzp df'L )dzOy O¢¥ s Mmw ) mis ©dz
Isi Miskzo Odzafvicd O dipQdggind o desils® Mtsdgw ydetsets o

tesB Y 2 Isj B j cOlskzcM. Oz d'l . 25 20.14 )
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J tc O3S On L Oc Odz' dets” Is j dzH j dzy "’ L dzd ¥
LicsMisOdzdz" d3 tetsB SYts’ Isj 3§ j tOIskztcd, C 5y J Oz
o’ L dzts d3lz . wdzW tstc d30-Y ¢ BHzER s Odege® 8 t8 BWHH 2 dzv
9C0OLEOoOId 2Atsets Isj BY j tcOBA €dadré of Susthittabley *© °
Building & Construction Authority, Singapore, 2011).

v OB d&zdgy v
vJ B JteOlskztcdzgd?2 St jW' y' ‘' dagls to' Ldedrm Isj
J dzj d3j dals’ ®

Ujndetsdzse 't W vj B jteOkztodzd 2 €Cbj W
Crystalline silicon -0.4 t0-0.5
CIGS -0.32 t0-0.36
CdTe -0.25
aSi -0.21
1 dlsOdzdzv , $®EzLY € Odgls sHLdaY * dp'sdEVdy dzts ®  Hjtsdzj §
&' dz T dzi sttty egHO st v wC [ Csdsd

odlstcOIsd dz0 WBsdzls Oy SO Mmlso st dzdzw detso s’
"Mdalzs yd e dzt dzt 2§ ddgj St ts i g by I L, ' o deisfisgbdsog
Bitejqis, O OCHKY djdh ' olstcOlsdhj tod 59 0(WCa

C. P. et al., 2016; Charalx . et al ., 2011) . utsdgv ydzO
"' H 5 [lI5s [HIds o d &3O EZ] | HOOdzr'dd o dMBC o
Jdzj Slstesf jteJ HOY L ftslskzy dz Mmise 35¢1, )

fslskydz B 1zl s o d BOGCO’ My J y" Odz' dzd =
o ckecd §tsdzOH 35 ¢ .

v dedL Yy Hisdgdz' B | HzO Z o Odzdzy Mts dzVj sl o
H'  dzvdzS d fJtesf sdzeddd gy & ¢bH ‘teddRldsdflz’ © L o
J dzj Clstets j(dzjsBds'tss ' g, BMisez) , fsBRREZ "t yj
fiJJHOYy" JdzjSbtesjditce ", ', WwWC d&Omd H
J dzj € Istetsj dzjJteRs, 2010; TabhyMnekak, 2015; AranCarrion et al., 2008a;
Aran, Carrion et al., 2008b).

[MC" dz CdybBas' sHdstc' G ‘ Histotsts I 1830 " tsep doed
Bdzdy Uy HB wmg®BijONJHE dtsyj & di BB Lo
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MjejHusadhj, fo' WL Odd?2 L 8&R 20MWIChdEsais d

Y. et al ., 20119 3] tayfiydglz® 3@ ' H BRI dz &
Istc Odzm tstcls z o O dzdaw BOIlsj te* Odz' o, dzj sSB R~ " H
jdzj StesmMlsOdzy” ° . v OCtsy, dO {wlsjdzy’ 2 dzts

Hstesed BdzdL! ¢t 3 3 o hdqted dzlz H dzw 9 "+
ABIstsj dzfeigftdsy &i3d By E2Is! BERIsd ' dzZlsj cteso Odz
Ot' “"tcd ©9LHBSO )Y HBSWE' G.

1 OcOlstsftso jtcHtBo L omsEMIso dzH s L Ols' dzj dzda”

os)

) 4 o ded?2 ftesd3 )¢ yomek. A4 2 WOCIstste
ftecsHkzCIsdoe dz' Mmis: . sz HBY' dz dzgts 9 Mis Odzts
BlzH ' 9o j dzv .

0] Ists2 yom wg¢ HJwg' HsMmdz' HY J dedzV 99

(o8]

zgeddd Hts & M Cda Ndsdzed)BSC O o]
4 dzj € Is tcts {Japfetd GR.,52010) ' dzh ° 9 9 Oy OHtelds'L Is@) BsO ¥ @
fnts dzv ydz’ J dzjdgOsitdstdhyfla idEys dzd - . [ Mdztso dzd o5
LOdz f 8C t5° desiyls® Ldzj figf t6 d) ¥ ls i@ Usg Hay ° © dg
LOHd B3z Hetste" € ( NI MBY) &0 ks lREnehisinigls
Lozang J. M. et al., 2013; Castill&C. P. et al., 2016; UyaM., 2013).

sdf L Jjdizdz) CScte@fsinbee@agiizis: MisOIlsd f totss
WOCIsduydetsetsd CAO2ma@lz MY stclzH ) j dadzaw [ o, Is
BOteh tclzlskz [ V(Aran,t€a dzt sats et Al . f dBOGazezs )
oL edwWdlzlsd dz20 ftsyObS otz dB O loisB fizjsdg
J¢MmMf z2OIsOy" . ¢ ftOo ddzts, dg ddzg' o' JhizjRvisd
dzOdzj ¥ Ols+  to' L dzdnd® dzg dz@fg dzdd§t0qd3 MIsOlsd f tetsB ¢
OBts BtojdzHd OCdr L jdgjdzt dzgdm H'® dzw desC . £
HtS HJWwWCdr BB Y J dess tdAdadss HHsdr)s 2] tizdzavhusdgtsdz
ZL HEO Y SRECBWEE L . v OCdd3 yd dzts d3, o Oy dzd
COHOMse' HEBCEZMB] disd, TttOs 0O o d&zOMdzasmlis'

zsHiISd 2 L J d3 dz¢ s o is@lg de@ dztstc’ W Hdzv 9
ZOL | d3dztf sowfdaezO BEZIsd o' dz' dets® dm ', H Bdg'dd) Isg ,
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BOY Odets, dzgdd3@I€Edz yd Mmj toj H dzg¥ IstcOo ' wWdzd Miskz
COBwOVWwdzdMmiIsd 2 toj dz'@ ° $Aran, Bajricntetahl, RA0&dAraCarrjoazdz'
et al ., 2,00 & al.; 2010 hAsnetied N. et al.,, 2011;TahyiM. et 4.,
2015)

4 s dzv ydz’ Jdzi ClstesMisOdgy tcdilstigic’ B HEZB ! ffaC
dzOy ' t5dzOdz! dzd n SO tj 6’ tsdzO,dztc @ B dz' thtc d & s ezd
My OH " d dzd , OBt Y &ZzO Isjtedlstste’ WA, H J tc
Oten J Sdzs G ' Y dfArnetfe@d3N.vetsel.,2A1; Castillg C. P. et al., 2016;
Charabj Y. et al., 2011; Sanchdzzanqg J. M. et al., 2013; Brewged. et al., 2015)
tdlsjdzt dzgj HBMdz' HY J dzdzv 20O dzOW o dz' Mis! H Oc

tOdzdz' 7 jOfOR jOdk LOY' °~ ftsjiChi.
Il ZH"  adzdylseots w[ ¢ L j Rzl dzp (O @GP dzts o
YyOfmlsddz Is O 5B 5 to s dzdzd - sB' “ Cls' o d

tejyddsds odStstcdmisOdadzy L j d&3j dz L BBj st
o' 2! Csoadn Yyomilsd dz IslOB tc =S Bdzdz"S, Is ' LOQ - dLfBlS)
ctstf sHOtem’ Cdn sB' "SI’ 9 ‘ Hitse €' dzdzw @
dzd = ftsy4dY, hs sy kzls! o dded C dzzlsd dzO
odCtstedMmMisOdadzy L ] 48 tcgB@OEGGqE )ol' jHc jB6 .t
dzO v de@z Mis' IsOSCdr L jdigjdz2 dzO HBMdz HYy ko Odz

l' Hiyls Odg h 5sdz02 dgj da" jB jlic | GOy 03 ode vals Ho C
fshCsHypez 2 tOL Misdr' 2dzsets dzd r O. w dzh
L j d3j dz' dz H'  dzvdzCd bk ftodB j to] djdathB 3z O 23ts oz @
Blzlsd J ¢ sdetgddzlswpzty dazjdzd d3d Hdzv SOSCdm EMlsOdz

stc' d3 e 56" tcdzBZOs o Etstc'f’j toJ f BB Rz o -
BOY Odadddyd MY stelzry j dedz? o dzd S t5° dzOL | dBdats’

LISOB ZPY j g cOr8o Odz OdzOdzse ™ Yydz'© SGtedlsy:
Hismdz' HY J§ dzdzv d3d .
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v OB d&f3y W

stedlsjte" tosLIsOh ko Odzdzy dwru, Mt tiSL G
stedlsjtc' ’ s''dz €' MmMls! HE bolssted HBMd
vanddz / JBHY &L g 10 Aran Carrion et al., 2008a

Aran Carrion et al., 2008
Charabi Y. et al., 2011
Arnette A. N. et al., 2011
Tahri M. et al., 2015

Brewer J. et al., 2015

Uyan M., 2013

Stoms D. M., 2013
SancheZ.ozano J. M. et al.

2013

Castillo C. P. et al., 2016
 sMisOlsdvy ¢ dz 10 Aran Carrion et al., 2008a
tcOH' Oy" ’ Aran Carrion ¢

Charabi Y. et al., 2011
Arnette A. N. et al., 2011
Tahri M. et al., 2015

Brewer J. et al., 2015

Uyan M., 2013

Stoms D. M., 2013
SancheZ.ozano J. M. et al.

2013

Castillo C. P. et al., 2016
vdf L J dgdzj C tsts( 10 Aran Carrion et al., 2008a
Isduf j dgdets” ff S0 j & Aran Carrion ¢

Charabi Y. et al., 2011
Arnette A. N. et al., 2011
Tahri M. et al., 2015

Brewer J. et al., 2015

Uyan M., 2013

Stoms D. M., 2013
SancheZ.ozano J. M. et al.

2013
Castillo C. P. et al., 2016
ldzdL ! € Mmis: H | 8 Tahri M. et al., 2015
3d td Brewer J. et al., 2015
Uyan M., 2013

Castillo C. P. et al., 2016
Aran Carrion et al., 20@8
Charabi Y. et al., 2011
Sanchezd.ozano J. M. et al.
2013

Janke J. R., 2010
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1l totsH 59 ) J dadaw

Brewer J. et al., 2015
Uyan M., 2013

Castillo C. P. et al., 2016
Charabi Y. et al., 2011
Sanched.ozano J. M. et
2013

Janke J. R., 2010

al.

1 4 d3dz’ fcPtEe d
Is © Cd
fted e H 52 tstets dal
ftodL dzOyj dedaw

Aran Carrion et al., 2008a
Aran Carrion
Arnette A. N. et al., 2011
Castillo C. P. et al., 2016
Charabi Y. et al., 2011
Sanched.ozano J. M. et
2013

al.

Brewer J. et al., 2015
Aran Carrion et al., 2008a
Aran Carrion
Charabi Y. et al., 2011
SancheZd.ozano J. M. et
2013

al.

v B | CEBE @Y

Jraidi M. et al., 2014

Aran Carrion et al., 2008a
Aran Carrion et al., 20@8
SancheZd.ozano J. M. et
2013

Tahri M. et al., 2015
Janke J. R., 2010

al.

I " HAHOd d&& Mis!
wqlsdzse dF ©0O2 B4

Uyan M., 2013

Castillo C. P. et al., 2016
Sanched.ozano J. M. et
2013

Janke J. R., 2010

al.

[BO'  CIsd o tsH dzfs ¢

Castillo C. P. et al., 2016
Charabi Y. et al., 2011
Sanched.ozano J. M. et
2013

Aran Carrion et al., 2008b

al.

222.0L G SH Y Jjd'Milg tcls dzd A
odf OHC On

ftod tctsH dzed
toj Mzt o

vV HJWCdR

offdzde to' L dzd n
o d¢C sted Mmis P dgjlztiztzdzd =

mMzuy jdz@ hBHS

LoowL Ck L o

WOCktstg' o dz0O

G itesaud Y., J[d.ddRadd S MsB dzd o " Mise H Odzts

o d¢ 5t duyisdss &
G s
Y ket YstehOd Lo OBt HEHYOL 'd o fhzdoeds s

62




CjLbkd 50O fd2dmisksw ' hjde . vjtejL daj o
HsfMisse  todets’ v € et Istc ROUWEO Y j dzdz? o j dzd yd dzd 15¢

o 4 dzd yd dzO, O MmikH)yj dadgv i tots o L dzOyd dzc
(4 ¢MYf (Blgedp.du , 2013) .
1tied L OMmtsiize Odad HOdse s ) stsHlz W

WOR"oay' 9, o MsOdMOUSs tstisd  dz®) dzttf dcdf™? dzv Islsw
OdzS jlskz kO h¢COdk Swdljte' "o BYy' des§ .

10 fcOCkyly!, Mo sOY@idzts % OStc' o0l 15k :
Hdzw tsktod BOdedz? ©BO' Slsdodedn tjLbd sEBs' o
cOLd fjttjodhbkoOlsd §' d €' Ml WOSktEk' o

] Oy dzdoj L dzOyj dedz® o BijlbtsH' jSMYjtelsd
L dzOykh sfyls’ w¢ ©Ctej igdn yddedzedS'  ® (% OCIEt

1 Bty o MmlsOdase dzj dzdlz? L dzOYkh sfls’ ¢t
LOMsmso s Ist  dz02 yOfmls' hj dBjlssH tcOdE 5o &
9C dzt HOG SO dqiz0 f jeh sk jlsOf' odL dzOyOs Is!

o MisOdzats o dz¥ & Is 'R L dz@\kz Odgdsd ; | TADtc] Hetls bom
Zusd ) § desyls® Mz Hop jedpils j jo€ Miz) tols'L alzOyj dzdzy 2L
jSMfjwls' a * Ctj ¥ 1¢ogtzE OF, s dz§astagttoy® 200 7
123 d’
W = = (2.1)

m?(n®- n)- ménji'l'i

HimiC' d ' fls! njiC 'fdpj Wishl’; W OCIkst' o .
] dzOy jddgdgyj H fNlsOo dzw * o' H A ddzj dzga OB gt Iz tc &
MjtcjHdy Bets LdzOyj dedz? of)' 5 WOCkBt' 9. USE
as,

Q:S-Ern (2.2)

HISTMZBO GO@RE Isastelz.
| 2Oy AdEdar GZOR SHW s L O ¥ Sl i
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AT =a(-t), (2.3)
i=1

HieiC" dz €' Mis! ctelzf LodWL OdAS do'tsCH daPs s 9 dLn
cOdzg " 9 CBydes' cGctelzf (.
Il odf OaCHMEZIsdzsMIs® L o o6w (28dzd A to¥f @ TIOK tc ‘o
123 d?
=m2(;131-n)’
1 ted L dzOyj dzdzo qItelzlsd S ;') d&ln® j tols* o
(0i0,2)idzj ZL GtsHY | d&' ;
(0,210,4)1 fndzOBLISE SH Y j dz' ;
(0,406)lf sd3' IsdzO kL EtsSHY j dg' Mis’ ;
(0,6608)i -n BN O EZLGEtSHY j d2 Mis’ ;
(0,809 MmMddz: dzO EZL EetsHY Jj d&' Mlis! ;
(0,910)iHEZY ] oAApELHO.j dz2' Mis!
v dz € d ' fmdae Oded 'L azONG afiglzic sz 6 sH Y J dzts
MEHY jd&@ By dO § jtej 2ilsd du HzO0de) tddzr  dets & Hats iyl
Ctedlsjte" "9, 0O IsOCtsy "= 9o0ck.

(2.4)

223. 1 OfMissmize Odzdz?y BjstsHE OdOd& Lk ' to
Cedlsjte' ' o

| Edse &z0 shsedde ' fls! &jlssHk O0dkOd Lk
L O HOdzdzw d3tsH j dzs ‘ Is! fqw L od¢ tstcd mls O©dadzy d3
Bilsst L OoHOdzdz", O Bsydzdes® Odz' IsjttdzOIlsdo
shdztso ’

VUV HOdtslz HESMdz Hy d dadde d ylg o Esjlds v H dzw

CoydesdBz Stedlsjte’' 8 By dCd, ‘', bOCdH ydd
sMisObsydsdlz t' hjdd , fted2d Bz o tcO S
fstc’ o dzw dzdz"tsBoj odgR@@B Iy, o wWG' 2 &biylh

odL dzOYO  Is! v €' d ¢ Miko &t ds@tsdiiitnt ' oldwd
B 3y §OLOkd Ctdlkjt' "o, fuslsdilsOs dvs yd
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1 sls' &5 sBYdMdzs s v o jCltste f ¥)stedlsjls&z0
C' dz ' Mded Bl Bzt B By gl H Y j d2' &' ¥ 1§ OtsC
zCO®RY  dgC dzvHO  dapdzisdrty,dRPps

S={1/9, 1/8, 1/7, 1/6, 1/5, 1/4, 1/3[2, 1,2, 3,4,5,6,7,8,9} (2.5

) Ste' o dgv dz' fids Oasdg” 2SS j elstsds O dgRGac
{5 Otedzts 6 t5 OBtz )o dvleipddr* 1§ v d&4 shdss © IsC

v OB dAAy W
' J 90VWIsdB Odz dzO SadlyOdzO sy’ dzts €

{fdm o 0xddessmis’ t"odd FtodHd

tc' o dzsy' dzdzO

02dzd Y U0 ftedHO

9 "' H

tc' 9 dzgsy' dzdzts’

HEIS ff

Eydgd L' €SO fftod H (

f 5&

tc dzO

gL' SO ftodHOIls dz

9 "' H

f 505 ©ds

H 5

o J dzd

S5 Ldzs dzdL ! C O

o ) &zd ¢ O

S5 6O fdHOls

9" H

o jdzdi s’ HTfS

HizZY J

S edes o MEEC O

HizZY

9 ) &Zd ¢ O

dMESC 0O fdHOlsd

9 ' H

HiEY j 0@ Hzdedsy O Hdss

ZXJ

o dMBC 0O {1t

OONOOTA™WN o

ZOHL 9 d Y02 dzfs

o) &4 ¢ O

— | | [ 4= | = | = | | [~

029dh O fttdHOIs

v OB dapbyw

[Otedy"Y §§fOkdscets f§ist' o dv dzd

F1

F2

F3

F1

1

F1F2

F1F3

F2

F2F1

1

F2F3

F3

F3F1

F3F2

1

E

Kj?2

©jLkd

9 HYfBo
L dz0yJ dz

fesyd m

s Ols 5 05

tewWHC" 9o,

¢jdzj tolz
f 5§ Ot dptisdsts o dz"Odzd#26) ,( s o
fsH' dk

WQJ

H 2t s dgO oz dalz s o dPQiZ S

w ¢ *

C 5y dzlg)E 5 dz© dz@ndeOisizdz oz
H dztsws tste jiusksdz! Hldg@sls]‘ d3 O dztsiz O telgde dz' dzts te d30
9 ' H)if s9 " HO'

2 L dzOyj dzdzw
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v OB d&afey v
1 BedzOdz' L so OO BOIsted yw f s Otcdats

lj Clstste
ftc' tsted I
(M e Hd

F1 F2 F3 L 2O it det
C sy dzts@
Ctedls jlOd

F1 F1F2/ E F1F ¥ 1

1 3/ E
F2 3 1/ EF2 F2F3/ E ¥ 2
F3 3 F3F2/ E 1/ EF3 ¥ 3

m|m
w|NkF
T
||
~|~[T1

2 1

[ dzv sy’ dze€ d EZL e § pisipk’ IsC igahdisdY saz0 I€ ¢

1) l dL dzOyj dzdzv 9 jClsstcO® L o0y jdats’ Mk
{stc' odzvdz' 2@ o jSIktste fto' stedls ids'se.f yvise )
tcsLH' dzdIsd ff jteh d2 Codi3lf sdzj dzls dzsotsets 9§
9 jCtstcO® o' stedlsjls’ o, Hicked?2 ¢ i sdzj dzl
MC ZzZOHBok o jClsstcO® o' stedlsjls’' 8 Istsh ) ;

2) 1 dLdzOyj dedzy 9 j CIsstc O L GjtLHsSita@s fisd O
Mzdid dzO0 o®teglsj tc*

1" mdzv tosLtcORkzdSEkz ojClststcO® kL GEGSH)Y j dats
dzv kB H O fM)(j @)] H da’ L dzOyJ dzdz? 9 j SIsBEO ' kL' cdat
bLGHY | ddstintst (] )

] h B (2.6)

Hj ofjte HdzdzOYj dzedz? 0 j S I0sB P CIsistet izy & dz6 1
n-¢*' dz ¢ Ml Ctedlsjte’ * o.

it SLtcOR dalely € Mz bk LCEsAIL desfifiie” dz20 ftodti zh §
B' dz hj OBt HBt' odz¢* yYdfdzz tetsL ¢ dzv dzgkzlsd
5B jtodzj dets’ BBOIstcFy ' BOIstefy= thistf OtLdad =  ff stc
BOtcdyd . J-hHiiicyg dzddztiesL & dzv HOIsdEL € &H ¥3] i
£j & odcddvhH' VYsttdkzdd By O osdteOL dlsd dae
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50 —, 2.7)

Hy CI-"dzn j €M kL etSyre)jdsiigddy,j dzdzv o j CIsts e
n-¢" dz ¢ M' Ctedlsjte’ ~o.

wdzH ] € EZLeBHY jdhmis® f8C0LE o' HAddz]
Htsfistse ' tedz' Mls "dzgH j S Mk BELGEBSHY j dasfls ' d
wdzH | @ RH C sB&EMGEO M | ndex ( RI ), "o tej L izdz
L dzOyd dzdzv Mt “ 99" Hdzatsh jJdzdzw ELGetsH)Y J detsfls’ (

5'Y —, (2.9

Hj CR - L dz@atig" MY 99 Hdzsh j dzd® - b iz &y
bLetsHY Rizsiigsd § fOH S50 Mls

wdzH j €M o dRIONI o twimlg 'S EZLEBHY | dsMmls® €
GO Is toff ®1f O tefisdes t© dzv dzdz" -1 s to WsHSCEAfiB dztsls Of tots ¢ |
"dzH j S OHC b oS sy inlsyd totsL d3' tc Saatyf H99KE 6 d &
OB &z 5C OL Odzts R, iz@thljitg®dz L O W HSBE d

stsd W'y ' dzls kL dusEOidetsfyls ‘<®(.CLIAD)N 5 MER 9 9
9 COL zr BtaEdted 20 § dz Loty fdttBtedadr f Stc' o
CR>, 10, Ists L dzgOyd dzdzgv M " @99 ' Hdetsh j dzdew
sSOCds o dHOHKOE] ciget’ dzz s sy Ols ¢ Hots f OtcdzB
f stc’ o dzv dzdzv .

v OB dzd y v
wizH j & dtf OH C so sl
] SteW H
®BOs & d 1 1 2 3 4 5 6 7 8 9 10
wdzH § &
odtf Ou ¢t 000 | 000 | 058 | 09 | 1.12 | 1.24 | 1.32 | 1.41 | 1.45 | 1.49
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2.3. [ibsHd dgiifdsEBc | wy o d & totsky j w i d
H' dzw dats €

[ sMdz' HY j dedg? Odolg ©dD L fzts dsdzmiils o d ¢ dz¥ y dzts
(o' dz' detséts SO 9' HCtdlsets fBEOBEEEE L
ofmM" 3 LOY' COodzj dzdads ' dzo § Miststc O3, Cdz' ' dzlsC
Bj stsH s diztles ©§tcslo@ Isif  o-fddO jntidz d H Gldcdstdzi Is | L J a3
BJLSEBN Istso dats.

1 Of esf sdzso Odzes o dS tstedmilstso zo Olsd PoOst ¢
tesL h dtoj dzdgw @3 P o stt@®IjS, § jiug cikisiCpguGdEl . & .02 )

PostgreSQL Open Sour c dtsLDad t@ajbdadgveds (F
odStstcdmissolz’ Is! MW HAZYW dsHj dzt 9 Odzdg? SO L E

QGI S 2.16.3 9od¢ cic@dn®dzls, @) Rdzdg'® o da'doizdz" |,
OdzOdz" Lz IsO 9" LEOd LOYy'  HOdz=.

MultiSpec 331 - yJ f(tetscteOd3dzy L OB usthfidr @ gaday O da
HOdzd n HdMIsOdzy' 2 dzsc ts Mis &5 teie [ ez@zdzdzvdzlz vizi gdzT
L sB Oy J dadzv , f tetse j HAIffAdEY € @@y j Hidzd dz s €&dzC
sy &z O ftetsojHjds CzOMW '™ SOy’

ltesctcOdzdzy L OB ltcsctcOd3dzy L OB
QGIS MultiSpec

_ sfteOys o Odzdz” |H Odzd ~
L 09 Odzls Oy j dzdz” , |2 6Oo qun[qudzuHdetscts L ;
sBd3' dz, 0OdzOd'QYy|lO 9 " |

H Odzd

4

1 OL O wP&updgSQL
LY tots fls tststso ' dists | qadz™ d3
PostGIS

LBJt' G Odadzv, BZYH J dzt 9 Odzdzy s O
OdzOdz' L H O dad

tdm. [ 8r Rdz odCtstced mis Odzdzy  E@RSSte O d3d
rydted z8: OColstste
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231 [B tokzdzskzo Odzdz® o d C S dzds® dzdB o s B @L €
o' HCtodlsdds o drls @ dadtey "Ccfstajsdlglz s Post GI S

PostgreSQL- yJj ftslskzy de@j tzs y' Q He@ets M Milsj 3O ¢
HOdzdr (8#s+1QRDB(M®Bdec dz. © ' H C tod Is dldgs da@f ~{f tel @agfsd
ofM' 7 Gihdsesdzdrs fjttOy' 2dds MdMmlsj 3O & dz09 !
fsodzg Mlste M3 MdzO L ACI D, &O' {§teodlkz

fjtcJedzvH"' o, stcde jtc' 9 LBt Y Jddr  totsn
B' dzx "' Mis'H Odsdfrf ' &5 QL : 2008, 9 ¢ dztg yoOr yd
BOOLEAN, CHAR, VARCHAR, DATE, | NTERVAL

r Jwe L @ O@RdIfptdsaca’ Gl dats y* 2 dzs’ PoBst gr e

9 ' HtsB tc O l&¢B lszdBPostgreSQL Documentatipf019)

v OB dAByw
1 O OOwROBZE Oq FPaiEdSOL

BOdz! dzd?2 L i3 tc B O j 5B d3j ) 4 dzs

BOd dzd?2 G©GLAB & O32 uvjwOB0O2

d
d
dBOd dzd?2 L& © W 1, vj 608 02 Is
d

0¢
0¢
0¢ 6
0¢ BOdz dzd?2 L B 6 51 | B
0¢ s

=33

dBOdz: dzg@ & " dz' €' Mmls+ |1 J 5B B X J dats

Yy (Y (Y [Smy (S (Y

OCid BOdz' dz@IlsEe dzyS o ik’ 4 2507 1600( L Odzj 3y dzts o * H
fMistse §f yv)

] OCMd B3O0dz! dzgO € ' dz! €' Mmls! |\ Jd 5B d3J Y J dats

it sLh JeRamiz2yGl S HO' sy dzd 9 * Mls Mj tco j tc
ftosMiststetso d d&sd H Odzd d3d , ' HsLotdw ' Gl
BOLE HOdzd~" H ®RWdzd&j o ddiflstgtekz Oy uxGl,S . dzQ fista did
Post GI S Bkzd&zO MmMlseotstej ZO Refractions Res
CsHESd L Otej ' Mlsteso Odzd?2 L O GNU Gener al

PostGISe sl d € sto stz sis 2 saPomdgE izt QGI S
Software IsO 2tets 9  HCtedlsddz ¢ BHB&G.

l csMisstetse ' o jdjstisticst) s ttddlp' © @D dz2' QGISEzw
Software dsQde@dzldI@®izjsdE | tcJ Mfjteds M spictisppL] toisS1
Post GI S BlZOL 6 m®detbr (B9S2 g8 e SQL
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T 1jShtsteds’| — I sLh dtej dgdzv
1 vsOBddy" | — PostGIS

)

1 OLO HOI
PostgreSOL

J

tdm. 2. DGl SoOLBOLd H[PdgEBE] Htsjlst @p 588

2320 20dz' L thdso desets dzOB tstolz L' @aAnjsusctiz jd3y jda
QGISHAsf cOY® 9 Odgdz?" HOdzedrm HBMdz' HY j dadza™

QGIS-yj Ltezydd Hd&zvY CttdmiskzoOy' ¢ ¢6¢Jjtse
9 HCtdlsddsa odma Hdzdd3 € tsH 543, LOtcj ' Mistetso O

License. QGI S ‘ w' oyt 2dzd d3 { tots jnaksos d3

( OSGeo) . l " dz fteOys "’ dZzO Li nux, Uni x, M

ydmdzj dedz' o jSClststeds’ , tOMmMlstetsa ' WistedzOlsd °
QGI S By J o' LEzOd' L e Ols(d, CJtelkzo Olsd,

Mlso stet 9 OIsd HEkZSC B Odz' ¢ Otlsd. 1fylsidyjr CECDAZ
COljcetstec' QGI Iz dzC y* 2

-fjtejedzvH HOdz] R ;

-fls g wifeO o ls ;

-flcotstej dadz?, tcj HOGEkZo Odadzy, C jtolzo Odadz" Is(

-0dz0Odz' L HOdz] - ;

-fkedz" COYy' v COtls o wdalsj tedzj Is’ ;
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-tais L h dtej dedew W k2 dz€ y ' (s @0 dzts dzts figls ¢ 5 Q@@ HaPig O
s HtotsctoORzeo Odzgdz2? Pyt hon)

10 HEfBdREsecs Y! s flecetcORdse s L OB J |
dzj 5B nH davdz' ff s sPpen Stsleted dYAlpd HEMIskzY
L d&ZOR SHWIs: qw E BOL' HOd~ { tctspBiMatage® o5t
CAdd PostGElayer® | H " 2 fidfzf B¢ ofQaiddsvj tc* " & ty' dzC d |
odEtstedmMisOdzdzy d3 IsOC d n i tc 5 ¢ tcRDagelzg FAspecedzf s
cMul ti Di st acResampléB,cOrderedr Wejghted Averagipg Plggine,
cClip raster G ntfstkOyk awsdd tc§ dz@ filpg % O
My 2ls dzdesdgY - omlso stcdis JBiRDMCdz] f ted H Ols dzd n
Modew Ytes s | dzgzB Isteffagj C Istesmis Odzy " ~ .

wdzmistc zgF ldads @ 8 d dzk) B H 2 dzf cTerrain m
B Myjotmils' &) 9 QGI S ttuctt@r oz’ ¢ My dzw ) €
mMskzf ' dz L d3' dafd3' o LCaEQiafjtogds dztss S s 6l s
CsdiR ¢ Od3qd

1 OLtsoad?2 Odzetstedlsds, wWC¢d2 odStstdmistsolz’ I

~ A

N
Wl WO ¢

*<K|DS<<
<<| &

(2.9)

‘<<| <

Hj i Mlskf ' d@ L& def o jtidsd Lo L OEtsdiz

MELHY) dsteOd dfs T Mfsted @@ d; L 5 ded § 5067 e
2O tefv'dp detsy' dOyy debePde dzs’™ CtsB 6 d.

JOCMd d3Odz! dzd?2 Mmlsizgf ' dz@ L 3" dad o L de® Wi oz
Csd3' B¢ ' M BsBRO MERUH tf GRdE@ Y@z *tMOdizd2 ¢
odedL 5 Cigie§ dzlg Is dzts™  vCdiklz" dedk>dulg = d diofuez " dadzh
fdzsm¢ O &' My o' Mis! zn didbinf do ¢ ez st 2@ Q § dedeitz!
(Burrough, P. A. et al., 1.

wdzmilstc TBjsdald ¢ € & sLM-yfadze d3tsH z dz' cTerr e
(¢ sHifpzij otBMis’ ) o fMis Odtsfedzizs * d3 OCRAYtEIOAS Sdzts
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L3 ded L dzOyjdze? o' H Ctydets’ Stz t6€d Hts M
tcOMmistcz ¢ OL k28 Is ZzOf wWdf 5L )lsE&EGY Gz, ff t
B My wsLIsOhzo Odzdzy. 1 OftewWd3 o dd3 e * Is! MV
o' A(H0 odz L ezsoB6O' odz ), { (tetfshf.bM.vay dztshe
sB d&zOMmls W d3, w g dzf BOE Is! ZzOf oW d3¢ d dzadtizd L
(Burrough, P. A. et al., 1998).

315 45

270 90

225 135

{ B4 1 Of B dgthy jifs Buawugh, P. A. et al., 1998]
1 OL 8o d?2 Odestedlsd, wCd2 odCstdhssstl
5 d:dz' o

y
T S A W' S (2.10)
v

o

HJ

‘<ﬂ‘<

i Miskyd ' d@ L3 dzd o jtendz LO LOBISHIZz
MELHY) dlSte R cgieiC RIS * dr L o' ded  § 50 o7 e
ZOf tefv'dp dets y*® dzOyyf e Pde! dets’ Ct5d3 66 .

] zOG ¢ MudDi st ance MBofstcer ¢ B OCOIststc’ 9 dzj

pjClststedzd? dzOB' 6 HOdIAR L ©R HdsEB 9 j
tdLEd SOl dzOB tstelz "HN@OIzdr tsfg WaRAHSQ 2 s ! of) WH {f U ¢

BkzW jtcdzgdmr o  HMIsOdzj 2 . cS¢hs 100 ° 200 dz
HOdzedr BEHJ] MC ZOH®OLEE Mvkz H | SIBBEEGH sz cw MO L
o &BjYOr 100 BHJdAddyY! ® "  H GJjtsd3j Istc’ o n
3" MisgEsdfOmis: , wWCO L dzOrtHdI! Mvw o dFjsdinls t®

On HMdzBeB o jChbtodzsets h Otlz. ststcd Mistz d&zB Y
odBtcOEEISStc’ 9.
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wdzmls tc zgBgsemple (¢ 1 j toj Hd MCHaGLIseda dd® Wi tEd o
f' ¢y d ofmM'n t©OMI' & duls StktsBH SEZfiSH dAOE
SH MO Yusasfnlststetse j . totgOEZjDdigsdzde” H o n ' Hded n
tcsL to" L dgv s s Hy €' dz2 €O fdpdteld BiH] "Mk o Bz L @yl S’
Documentation]
U Nearest Neighbotrf J sSsH d&O2B d&Zd)y ysets Mkm" HO;
U Bilinear (2x2 kernel}s * dz' dz' 2 dzgd?2 (2x2 WwWHt©CO) ;
U Cubic (4x4 kernel): Cubic Coniwgion Approximation - s B ' yded 2 |
WHits) : OftesSCddBOYy" w Cke' ydets®™ L eEBstels§
U Cubic BSpline (4x4 kernel): Cubic-Bpline Approximation s zB * ydzd 2
M &zO2dz ( 4 x4 “hptted®sQ 2 dz Cdz@ B dadflzy j dBdz" ;
U Lanczos (6x6 kernehwdzls j tef sdzw y* W Lanczos;
U Average-d J to ] HdzsB ydmdze ° MmJ teJ H dz’ L dzOy J dzdzv
U Mode- t jydds: odBdtO®° L dzOyy dedzgv, w¢Cj dz0O
ode isoadnrn Issys on;
U Maximum, Minimum, Mediane, First Quartile (Ql)- [ O¢ Md dizOdz!
3" dz' dizOdz' dzj , 3 H' 0dz0, f jteh d?2 LS o Otedz@n
NODATA.

ltesy) otV HEC B Odzgsets L oOyjdzsets EMmJ tey
Averagi nfgses OL OdzO dz0 tdmizdsS Iz 2. 3, tots L
Hof sdise s WwWotsdts SCttedfmlskze Oy' By zls! t
Coydesdgz Ctodlsj to'lssse sy’ deStsp Hideve stedlsd € Of
ftcdHOIsdzdreé L jd3jdzz HzW f jodesets adHEZ ¢t

rodzv y' dzj 2 odStdzOdzdzy tcOMmMlstcsosets 59 j t
2.16. 3 oBEkzHBoOdzd?2 ' dzmlstclzdzj dzls ¢ Or der ed
LQ dzj kMmjtej Hdgj dedav &) , tcOdz' hj toBL totsB dzj d
9 HCtedlsdds adr " Hdzedd3 S sHiIsSd3 SAGA.

[ dzv B ydmdzd dedz? o dStstedfMmistsoz’ BL s § ted
fjodgd. o@GEIJS o d Sosiaed]fipladdze- aips ¢ Xtgfo 2 Odze j Bt
algebra)H ¢z o d ¢ tSipQjdiaddY | 2 dzts.¢ SA JO dA®dalz@ &€ &'ts,d fr]f1§3us o Iz



Z izs o dz st jtcOlssted dzO orn'  Hdzdes N Ote®OR Hdz
Chydesegts on' HdasGE s hiOjtcozdafPdg’ | Hizddf' tc & 1Odz@  d 1L )
Bdesy dIs! Mw dzO@ o " "  Hdzgd?2 N Ots.

Il 7" Hdz2 N Otedo ‘fHsofadzda Olsd IsOCdd3 tsBtse ' Wi

VEH®ZOCE0 0 MdMmisj 50 CsteH d dzOls;
VEH®ROCE0d?2 L& 8 Ctd ©66d:

VEH RO EEhHsstto | (@Life K dedes § € j dv
VEHAE o 2 tL &' Z@&DEs'E 0 § sy dz@ 2 20 dzq
LOR HdzsE s, dz02d'lsd@) ' oHj dedasets €

VEH&ZOC B0 d2 KROMCHOH o5 H' Of OL sdz

10 dig. PREBOL OO Moj B0 odS sdOdedz” 1§ o
Lo Oy j desct miggtc £y ki detRdz’ B Bt

{ Offlstetse * N

d4lsOdzH OtelsdL B9
h Otcd

<—————= ——— [ sHOIsq

dIsOdzH OelsdL ts9

hoted L ftodfile s’ dzd &Bd
9 0c Odq

D —— 10fkhi
ftcsyd H B

bolssBRBOISL ts

fesyj EDIs @ OIS
tetsL e On Iz dzC

fdLizdaz Iskzs y(

tdBs ltwsyjHEZttO oaftcWHC o Odzasets L 8 Oy j dats
AV er a g iyn degXftang Liu,2013]
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233 szOMdW vty lsdzd S so d - L dz2° (39O @] Lz J§ uejtsc
MultiSpec

MultiSpec- yjy ftosetcOdgdzj LOBJL Y Jjyjdedzv L 9
fJjtej o OeC@dzOlsz’ L 2 Mk ks dzdiftds otafts-Boda] O3S | & iy
Purdue University 4z ¢ d&zO GMmdzsoe s IsSNA§ AR NABYVRI256 tc O
NAGW-3924, NAGW5-397. Mul t i Spec Jj it L dg@pjas st j €
OdzOdz€ sz’ ydzd n L dz' 34 'dd ,d30 dz'lsdets{4030 dgdiAn IS p d3ts
Landsat sO ¢ f J i d&lsdz©'d» aflif=qos AVI RIS, \
Hyperion(Multispec3.31Documentation2018§.

1 © HGY sgiSpece d ¢ sdzkz‘ Is! MW d3HpE olafdry fdzdgwls to (
L SB o OyfjtatixtpWj, H j dzdzv ftetsyj Hizted € dzOMmday 'ILEEYS>
sy &€ O fteso jHjdkts CkOMdW " Oy’

1 " fdzv 9" HCtodslsw { totsc tewOgefso MAj dztsi F ficas®@
teWwHUGgHz (BB O® o' C dzsdy o d ¢Text QuirdzWindoy, & frpls k2
Wiz o' H B W) Bisd &3 R E)C 610 i3] dzOf tod ¢ dz(
WORdz o, tojLEzdz GO J Oz &Odfs L sBtOY J

[ sy dzd o sMmis'  ®sltiSpedz&31o ® geitedpO & Is+ Mizdspds z § d
3.31Documentation20189:

I B stels HOdzdm E WstediOls' Binary OBTf
Interleaved by Line (BIL), Band Sequential (BS®@and Interleaved by
Sample (BIS)

1 6@ MssetcOBJ, w g odCtcdmlsso zs Is! Mmw
' tcisdzts o' HsSBtOY j dedz?y GcteOW " " Cd

T o L dzOyJ dzdzw CdzOMm* o LO HBfBdRsEtss
fsdz e tsdzOdz! dzgdr dzOo yoOdz dzdr o dB " 65§,
SO 5 o dL dzOyJ dzda” Isj Mlstso dr tojtf zdZ! & O
CdzOmdw * € Oy' ' ;

T Hsmiskf dzs h ' Milss t6' L dzd = Mbhipdnsdisthiscesto o
meansCorrelation classifier (SAM)Matched filter (CEM), Fisher linear
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discriminant, Gaussian maximum likelihood, ECHO dpad/spatial
classifier
1 BJ gjidgdej L z d&zzls®@ld'cazv H' Isj B3BOIsd ydets™ € (
dzOo yOdz' dzd ». [ dJoLdsdzf tddsds Ists y @zdzlg ¥ ° € (
9 HBBKOYWOESOENEd Yydz' 2 W istd LO Ctsyc
Ctozf Oz ¢ zOM' o
1 Ssdz? stetso j o HiNIs Oo dzj dzapwelzv C t tts pakew o 'd2 «
" demlstcl Y Oz L Oy T, thBdzdets H&W &
s zOmdw ' COoy" v Moz Bhygd Cistesfvd i) colzf zo O
L dzOykzh® CdzOMmd Hdzw fHtoj HiNIsOo dzj dflady. ts)njsd3da
fsCtodfalzse yO'tc'oL dgj Blgd tf d, to@mWd dzdid fplsdftsdrlz . H .
10dg. f BCOLORO ' cOten " W d3j SBHL oz ERELO ) (
B 2O tsLH' dzdlsd d&O,N5®B4)COIsjetste’ ™ (Horr
1. ¢ 9 Is s B3O Isff2L t=ofgyj Adls H
2.tkydzed 2 ;di3d st5H
3.] " Btd?H dd3j Is s H

{ BB W LOEE' W &jlssH' o € &zOMdsl ' [SrON @ dgt
N., 2004]

bolstsdBOIsdL s Odz Bj IssHJ CdzOMmdW " ™ € Oy
odStcdMmMissolze Is! Odzdststod Ee@Gd fge@ydzh ' ¢ €OYsly ¢ s
wihdzze s+ Ho O thdsodzedr B ssHflzPllst@GiOs
L 5B tc Ofz] tztizls e s@z' SOdIsic s dz! 59 OdZzO ¢ dZOMdW * € Oy
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[ i stsHizj Ssdzlstetsdz! 59 Odzs” o d S BB & BOY " ~ o

¢ ZOflsj tedL Oy' Hazw  , ColffsEs @dapt  f 'OS f jnd
T OB tdflkd SAHEKE 2 tdi ScH L OfMlssmso kY s 1
A steOy' T fs B’ Clk L26&Sd, ydfds

OdzOdz'" L. HBLoatdzw® odH '  dzwisd Ctdaskzted L dzj
Mstolz ¢ Isqte@@x B * dz! 1 i stzf &5 dels 16 s dz ClpCEPENE” € O
Mz zlsded S soa dnr L 5B tc OxAhrdadi F.' S. dt 8.0 2DAI], Macliing |
Support Mac hMeares (AhnEeRVigt al., 200Q).

stdzlstctsdz' 5o OdZOYf EdzOHGW " CO PO Az’ L ° f' ¢
JsOdzsdzdztsc s ff sdz" B eOIs t6 O dft Isla & tc | fiyleflz dzO s 2 to
LJ d3d dz' dzsects i ®©OCtcifisiz’ odgv dzdzv d3 M J CIstcOdz! «
Mlsoste] dzd i3 MJde dzOlskztcORBd oS tsdzk ks tzhs i € dz
o' Hizdz' dz' Is jmcCO Is 2@ ® Y @' BdAdg SO sded * dzlsj toj Mz
dzOo yOdz' dz' Husjdzv B Oc RIOENIse bsddgf Xzl s H detste* H dzd
L 5Bt Oy J dadfvdzs YoOE 'Is ! ff "oC M) f=a | H shetic Ofy jCOs dadf 2 C
L j kdab&d 9 v sydz' fls! a3 stsH Iz Isfipduddztsdatts * L @ dfj
dzOo Yy Odz' dzts’ 1 OBy OE iz’ odB'  tc¢Cd MSE d&zOH OB [s!
oS tedmMlssoalz’ Is! Mmw H dzw Carmd WS SdAyE s dzé  C
CdzomdW " Coy' .

[ JIstsH &OC fgd dg®dz Marrsim Kelihoodmethod(Tso, B. et al.,
20009) ‘ fn s @ lasdipldcoswizizdfdy @ dzdsds s d3 H dzw tc ts
L OF tsdzts d3-ficsdshy IdgidR' sk tog digfdzs ¢ M J dz' HES o' Hf o
shdReditso " wdePaj dz2 K] €ty dz'dx0.C fripd dgie * detwigs ) Is

JWJClsdodad desf tod 2 gtz M3 Iss@y" ~ ' CMi
Ldz" o3¢ O

tedgvdzdzy, Nt odCtted Mmlstedyyislss ez dzO dA |
o' tetse' Hdzsfls' , O, mo dc tzHz [ &'y tsefifz8)D @ O)

O 110 mwl 19s mv & O 0 ® 0 (1)
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Hj DioOetsoa O 9o ' HMIsOdi'o d(LodzCauy colagiiddz’ Highlp® fiy (s
o' totsE " HdztsMis' dzOdzj ¥ dats MisH 5 CCARAGRAY L' @ st 9OgHztsex
Histe' adzs' 1,0 OBt o9o9tHdIls! MW Siz0 | KKsjmezs o da
Cso Ots' ERQIs LU C tc O oksHdgY] 2 ¢ 5y dats;GXE o § @B figzd o3’ to
CdzOMdYW ' Ctso Odise g ] K dg'j dzv dzOyj dedz” ;WM O
5B j toozjKddeD st y v .

[y &z 0 HisMmistse ' clisdghsts ts degj tz @ Maf2lis’ QAEORzE © Is
hdzw A3 f OB s d(fjlsdzsn® °~°  dzOL d o O Is!
(o lsyfj dg§ 542017, hts ftojHMmlsOo dzv' MBS to dass L
dzj o ' Holdlalsts C dZOMeCY  €tsD Otgth ' Adstdd KvezO @O Is dz
C'dzt CF Mlst otdvyH Co oH Ste' fylsas * . (¢ Qi AT dz2' § dg
BOIstedquy ' ¢ jddn suwSed My o o ¥ ORdzOj lsy@Dddss
odB ' Cd) d sGts slstcOf Jdzd, IssBlsts BERdd ¢
H' OcadzOedzdiffd Yy ' Ctseo Odz o ' dzgh ' € dzOMmd.

v sydz Mmis! dRfaduser dagflia®) - f sC OL I2° 9" HMBIst
sfdtse dzsets ¢ dzOME, wCd2 ,{§ us@ydidydnzts Is¢ d@® M d
Coydets@ts L H' OCG Az telEfh\f' R (RpEapO dr! dzlz
' ¢ mStslz{ das' =L OH § tsBtory MziCongalton R., 1986)

XN, P 00T ADAROOAAU piP (2.12)
B #
Hy ' T ¢Mmjd k& (sdduddsddiicschisss ]

o d L dz®dQpdddifgy . 1 Mz BO  * t6 i L adzSK AR )

[ ' dz BOdz dz0 H s Pragliscdr@radyrsdzioz’ TR 2

uts Y dz' s ¢ Jusgrifsmma yOyj S 0OLdds jW
CdzOmMdW ' SOy " . ' dz 89S OLAZOfp," HHIES ISMSC s G2 =i3tsC
' CMmjd, dOMtcOo H ' dzQ tedi' HifBIGe MAmEOhgaligh R, $ dz
1986) 1| * dz tsBYdMdzs ‘ Is! v h W R tsd3 H' dzj dzdzv Gt
BOIs elgfs detiz@ s L O € O diz? P K §)Y Hr delg s s Yy w ¢ 5 3k
L zZOR sH st fqw

xxo e T ‘5”61.1\*@/&60/&;8&;0 pTTb (2.13
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HE " T " SMmid E f(esddi®qfddiisinistse ]
o L dz®dfdddiffy. Tk 3O § * f§ Nt edefchp ' dAS e i

stsiW' 9 ('CRY O shEFdO) dzdusi HEsMisse ' wdzbls
o dzsMdls! Os @ OHE s * fls' . ¥ s tzds 2w dhers * s
J., 1960)

I (219
H j o B 0 -B ¢, (2.15)
ISG 6 B 6{1 6& _B ‘8& éu y (216)

Hj NiLOGEOd dzO ¢ ' dzMSi'Sfylsizr € ‘dsiy jlsddde® ' o
G tc Odzd ydz' Csa frsf@aEgy HCEZ SO Mistsoa f s 1sO ¢ d
E. TCtOdzliilmcg "ts o  Hftse HOB s/ tWHCOR * Ml

r dzv OB Mmistely dzdiZls tc CLsly d ' lsyd B tetblse .dzs © 1

t Zzydzad 2 Bj stsH fifAfCAedid CCagb st * o dzOH " 1D dzd d
JWiClIlsdjdefipds® dz f slstcjBlZz' d2ZOBOGOIss B ' dz
B Myd ovfifss S tcdo O ) &z jd& |sizlsch § tifepddds ) s ' I
C dzOMmd W' Addjpy dits’ oLdfOBD 2 sdzlz H sfydz" H Y § dz' .

] " BtedHdd 2 MBY s Y Hda jtcjoOcd Oolstsds
BjIssH 9. | "'BtedHdzd?2 § HR'H odStttdmistselk
M zlsdzed S sedr L BBOY j dz' htsB LtwetsBdlsd
BjssHd odCtstedMmlssozs Is MW H dzVO dzds jsdgddej difozsy o

[ dzw HOdztsG t5 H Off)tzis tf 15 glatedzO® dztsL o J dg Jsldcts{HN IS
BBOC Md d30az! Wasc * HMatimimn' likelihood method € s dzlstetsdz! tso
CdzOMmMd ¥ Mk Pyl dzdL ey tg(@ YydtejL CtwOhkz 266G
ftcj HMMIsOo dzj dzdzv toj L 2Zdz' SOOI’ o

Il dfdzco AL EBEs tosL H' dzb

1. v HBMdz B dasdgd]IdEH s dzdzd 'dzZO - s 1 Y jlsdgz 20 dzO
L j &3j dz' ded o togitiy botafiis Cobz  WimimvdzY  dats | i Hj cdGOR G RS

79



ftesdigd Mdztso d 7 Mtsdgy ydedn j dzj S stesmls Odzy' 2 (
we'  odsBdvsls! jdzjSltesjdjd ¥ L O HSt
[ jBHBESE' W 9Cds yoO' o fMse' Isj-dsdksd'
sflsdBOd &t oL lsOh o Odedgy | 2@ dzif Hdzd ' el
BjlssH RBdesy Jdzdzsets CjW Yy dzsO tOdEtso ts°
0 dCtedMisOdzdz’ O Bdse s L O-Squrce Spluarezdz?
h ts tesLf soafms HYylz' Is! Mw L O o' dz' dzd d3d d
L OC Odz dzgsH s lsdlf ] o b7 HiEded 5 S SH O3] .

2.1 HdzOpaipy Bzd sdStdlsjtc’ Odzi dzif Blz* O dz® tizh
Cdelstelz d3j dzls, M5 HES® SERO dX i kmpESdsity @ lOds Is S ¢

BOLE HOdR, wCO odCsttdmssebk’' k! Mv Hd
ROfted S &ZOH, bk L dZOF s H S50 dzdaRB & ts &z 5L o
jdzjtecilsded.

3.1 jCtdj s Odzgs Stedlsjte’ ® SO oddksed +

fslstej B Mtsdew ydastsL gdd) jodzdes d &@L j dzdzd = W SIS 15
Jdzi ClstesMisOdzy " 2 .

4, 1 dzv o dL OE s dz J S MY Jtelsdzed s MEHY J d

9 d B Bt tc st SUAB Otidiphsy QasEdzts )  dzdzse s S 4 W " Y
Ctstej dzw y' 7, SO Hdzv ftedMmots' dzdzv o 0OGd §t5Y
o dL dzOyJ dzdzv A 9" HdzsMmdats’ o Oy dzd aAs fisls '3z Iz
tOdBE Or BsEPdOZ' Bl ssSHIcOtern * 2 .

5 10ftetsf sdeso Odets L Ofplstsmizo Odadzy ff tots @ tc O d3ks
PostgreSQL Open Source Dat abase L

LOBJ L Jjyj dedstultiSQeG1 SH Oslfof = H d Mis Odzy ‘' 2 dztisddis

W jtoj &z HOdz] R, wet o hzs oH iz edidsodzizls ¢ H o tsoiEds e
o L OyY' ¢ Ooddnjjdfstistc f “ Hi tcd’ d3yvw ds, stc ¢ OdzO
oS stediBad@ls d d3j Is ts1Ots dirjdsce’ F¥te d Is d - dz @Filp dEA dxid @y tis |
LJgdgd dz HAzV d[ d

80



tdryrwfs8l it rRI{VuofPafuur a1 ¢ Yt RrRsS O
1ovudlywlae?2s 1 tofr1v yrtrwlpA?2s

LOH' 2d3] Bt mAdmasSElE L jogsf tzis dpf 8L o dlsdr y dzts
jdzgjtec jIsdSd dtsyj BERISd Htso j Hj dzCdz@ pas ¢ stelzc
fjodesets ¢ dzsls datisdotsd O dHesesdR o W C Ml
1 OMlsOodz af:! Cd2 ©0O22tsdz v jtedz o y' 5 &d. S
(@M. 3. .Mk ke, s MOKR] o' d L BZOSEBHJIS
HY jtoj zO  sMlsOUOdzadzy jdzj Sltetsy dzgj e’
' odgddedzd? S OwLOCIjtt tjd ‘ Wk, Mmftedwlsdd e
fsodzgofifgs O Is! Mw o 1 Mk klsded M hdIPSATAZ’ d3ts
OLI/TIRS (190Cds = 180Cdk) (odth' od HOMMES. | j

Geological Survey).

LN

SacTasriBcekni
| pasion |

Hamburg

3acTaBHIBCbKUIA

@ Zagreb Romdania paﬂOH
J @ Buduresth

Asgabat

tdB. 1. {sLONEZzo Odzdz? | OfisOo dz' oM CsEts
[r ¥4 teg dzts: opehstreetmap. com

81



3.1. 10L0O odr'HdzdRr HOdz] R

3.1.1MOELOC Ik j ed s Bk tse ©O2 sk

1 OMlsOoadz' afM! Cd2 ©CO2 BB IEHSdQPdgd T sk it
o ' odOdnydatsdz’ 2 yOMmlsddz vJjtedz 9jy! s’ B
sjtedlststc’ ' 02 tsdiat stpteftyyle’, ¢ @'stezdt@” YIsds* ¢,

t 02 sdgdzd 21 d3y j) RN O aldlzQ@ .OMpeizj dlaf ~ T I &,dzC & 5t
ydmdz 113 Mstdh j d'lfp TEE.as s § &

LIcO2 Bdz HgASY L OHA Ealss d3' Yydzd 2 § O stels ,) OMm
2015)f sy do @ Is! 51,3 Isdm. 51 g3 Kty dA i € &
O j dijddddz0 Isdfm. M B. o] 8 3H dwm.c/kzmdsas.ls OF c

1G' Hdzts L Mils Ols d fAusjddg dzts © 218 @ B d26 'dBO,
1 OfMisOo dz' oM’ Csedl WHW2HBdadzO MC zOH O

[ SLYGH &z LEeid (oL wOugi dzde @. 3. &P Mis Iz

l.d" dz ' Ccetsmf STt fr]’1C9", 2L jedgda (tCAiEfRIE8E %)
460, 1 G6O0O;

2. [ "M O " dhT 9T &p8tcdB®' ( f Bzs6 8 %) ;

3.0BEHBso Odz2 B A&KEZO 0L (degf21%) H X dIsdzts
44546 0, ' H L j i3dd 126 ®©Rd Mdzts o sfls

4.j gz o tsH dile 5 AOSAH I O (2, 49 %)

5."HCtedIls® L OBIRdkt8y j8dz'c ;O j(dBdz'3 5 %)

6.obkzrn tcdglHCL jd&3dz L tshtse dzd o § d36 @15 i) z§odzdzc

7. HCtdls® L j d3dz’ BJL Mmdzdddsects {56t
fsCteddB8d, 3 ¢O (1, 28%)

82



4,11%

' & M CeemfsHOEM! €' L j dd

B[ ' Md kO " dz"' dz MseCtedlst ff dztsh * 76,09%
H) OBEZHtS9 Odz' L j d3dz
] sHd (ljtedltte" ', SHOC
B] " HCtedls® L OBBdsyYd d' L

Bglzn' 9" ' HCtedls' Ljdidz L e dzdeodd tesmdzd dzded dz f € &
LygBdz" BJL womMhzdddsets fsCtcdoalz OBts L dad

tdfm. 3.2. 1dchO0 Ljkjd' LO y d sedd {
Yyjtedz 9 jy! $8° B AZOMIS®

Fjtejdzs: 1 tetsjCIls ¢l HteddBBC O tojWisteds & M

o  HdzsddzOr o UVvVCtO dz' €, -JOEdz' Iststcd dzc

17 lkdn Az fsOgdO®s dz2' a ! CsGtS tc 02 sdzlz ,
S " YO g 'd® 3] dzj y* ¢ tsig sdzff fitg'd QotisdH siAs] S H Otc ! § 15«
01), LdzOydzz f dztsh iz L ©O2 308 Is’ -Mistf" H Is ®dzjyds't
dzj ¢B® MJjteJ Hdz'! SMizcdzd dz§ s s 5  d34- MY delg Hszts 6
Mddz: dzts L B Is’ o' Hd3 &zd (29 ¢, 29H, 35¢,
40], 416,010 sidiHp @rcd@ldg' )dzs dzOy* sdzOdz! dz2O (9 M J |
Clesh so O tsy' dg€ © L j g dz2 ' dz s Q. setsmyf SH Ot

v tc 02 tsdz L Ol ‘ocfif Id3if fr) alz@® dzif - ftohtf ded m o3l
o &zOMmdzsMIs Is O-f tds@ectOadz] A O WlsDdztiz ' o : 4 g
fjtojtosBdzs cGcOdzlzL s 7 " Hftd’ d@dmhlse, W
BOIsj t6* Odz" o . 1 028" dzt M L dzdm 1l du ¢stsml

83



11 ¢cnAttllzdzOe, -fug,] w([I¢ MEfd®0dz se, s [1 ¢
cmtcj h Olsdcéee, | e.1 ¢1 OH" W
stcOdzm Stels dz0D O 3Ptz B s C ted Miskz o Odzdzw :
- M dz2 OlsOyY*' 2 dzO Hts9 YIRBO SLd dz' L dzd ydzd =
-OolssHBBBGCdZ, o bz ydmi282 Gdj tcH d o3
- ckzdzs5a 4 - € .
s'dz €' Mls! Msdy yge®mls @oOdz" ©fgf C sz €02 s
GdzsB Odz! dets’™ Mtsdgy ydets™ w©WOH" Oy* °’ sO ftslsj d
H dzw CGsted L sSdzls Odz! dats o MisOdztso dzj dzd ~ Wislsts
f' HteBL H' dztsdgletss * Hjdalsjotelx® jol©Od € d wdzmisdlskzlskz
gl dzt dgse s dzOkz C ts 9 ER®Ran Gpjnuissiorizs JRDY, (fls O dzts
Bdzd L' C-625Q50) ¥ L tafpH3)./3 . d3

Global irradiation and solar electricity potential UKRAINE / YKPAIHA
Horizontally mounted photovoltaic modules
o Khardv

Yearly sum of global irradiation
[kWh/m’] S, e e e LR AR e 1 D

1000 —— 750 § : HKviv y

1100 —— 825 \ ) : . Sy " 3 30' etsk

x ] A S b A RN % enipropetrovs'k
1200 || o : : porozhye
i
1300 — 975 i
o )

1400 |—— 1050 Z e = Lwotaw

1500 — 1125 e

Yearly sum of solar electricity ) :

generated by 1kWssystem

with performance ratio 0.75

@@ Urban area DWh/kWseat] = £
r Y [ 75 150 00,
Water body —
CM SAF

t dB3.| dzsB Odz! dzO Msdg" YydzO ©WOH" Oy ' v 1O § sls
LECtc@iddlt cEttedL sdelsOdzy dets o fMisOdztse dzj dzd =\
[r X 4 te jhitlatBre.jrc.ec.europa.eu/pigl)

84



uwjtejHd Isj dgtf Jstg @lsAt? O dz02 B " dz' h  Mtsdav-ydzd
Y59 lsj dz20IRdtd.7) o | OMisOo dz' 9 M) € s d3skz dzdplOR Gstez
18/+ 19% ( &6 4). 3 .

Typical Meteorological Year: Dry bulb temperature

Zoom 1d w 1m  6&m Al

e

e

Dry bulb temperature

May June July August September Octeber

tdB4. uvjidBfJtcOlszte® Mkzrtets Isj tcd3ts IsTc Otc te .
[ 1 X J tehitpiZhe:jrc.ec.europa.eu/pigl)

312 1Bt 9dn’' Hdzd~ HOdzd n
1B 'tc 9adr " Hdzdr HOdzdr ftotse tsH dIsQ thdils )jotd 'H’

SfldBOd dse s tofsL 3 fifitsjdeidapdzd FdzO Lj jort B Js fi) ISt
cf' dskbds®Bze | OMsOodz oM CSsdBz O sdz .

stedlsj to" ’ fts dgV Y dets’ tcOH' Oy ' d&3Os(Is ! dzmastiaizdy
tetsL SOh zo Odadz? Mtsdgw ydzdrm J dzj SlstetsMmisOdzy’ 2,
Hts ff sHeQsz! OdsOdz' L 2. My ' deitsdzw ytw o S H
odLdOyjddr k2 dz sjtcOkztc', 929030 s, hts

HsMIisOlsdz d3d dzO@ o Mm" 2 clf ' dztslsdz 2 e H' dzV¥ dz
AF3006dz. h. 9" H MR ' Hdts'sOlb@z PpME U Bdets’ ©WOD
BOEZO, o' HdzsMdzs BAEAS5' C'o . Ffdzsh @ ' T s dgls ¢
1 OfMlsOo dz' o' Stz ©O2Bd , W CBdad®r &@&PBALARSH
ClllL GlHEYSLAZ O Is! MW HBMisOlsdy ¥ HEW L

85



wdzh d tgd I£4 t6° * d3, wed? dzg dzdoLtd Gn tfiplsdz © s g v
FLBjtoiyywiL o' HfMklkd Mis! YoBdzdLEZ O 9 d
¢ J Odzlz .

1 OMlsOoadz afm' Cd2 w©WO2tsdze * HjtojoOydes M
dzj  j dzd ¢ j 3" Mists SO ©HdzjH jinjdigdd3Q’ dF oy drdstc”
ftsojtern O] . vedgd L CWefiglg tc’ s B OC Olslis@ stvyy t
od¢dzt yo' Is+ mw .

stedls jotg' MBS C B¢ toda ~H QagRdsixlz visfdz' H Y J dzdz'
OOz’ L& yjtejr Ij, s omw Ijtedlsste' v ¢
odMmslsOR, dz' ¥ 1 sb@Py jddzdzv ) OMIsOo dz' 9 M! € d2
Yomisddats® 1 e tdidsids elfisclss o34 y d e yyw. 10 M
mslsddzin! €O odMmMsyddzO, T €. dzOR B[Ot 9 it & &
515, 7 djlste’ 9 dzOH -d202adeffBO Batge d dzP tc O 9
LEtO dzad * BHAZO L dO2eo9dhdr Iyt on ' Hdzt

stodls jstezdd ' € tsfls” His o3 M ClsdGEN » af df Cako @
stz hts & 1 OMIsOadz of! Sz tO2Bd dzj BO*

1 0 yOodz , MsOdzsdz dzO M’ tsSGSH dz Hdzw Isj |
o' dzr s’ Hshmsstesoats’® " dWWsdkOy' B (s G
f OtcC ' o, tcO2tsdz’ o C Iz dzyj stz thetizts ¢ ' iufdayHah d dzd ,

sB' ‘€' 9, w g By 2O LOosOdlsOydIlsd OBB ¢
o d¢dzs yj dz f'Lrdehj §°'H yYyoOfm 0O0dzOdz' Lk M
fzpdz ydes' COHOMbtcsats™ COtlsd vStO dad,
f Ctydzz L jdisjdz dzge H' dzw dzC k2 2O IsjtedIlststc’
V tWBJjLEZd O Hdzw ¢cf' dzBlsdzsese 1 OMis O
Ctodds j' & Hdzv OdzOdz'lsIOB ,d&zdWys ' 3dzOo j H ] d2' &

86



[ BtcOdz
dzOL j dzdzts* Is j4 g ¢ Is &40

Ctedlsjte'

h ts

v OB dzdlyw

otcOnrtsOolzE IS! MW

H

1 OMlsOo dz' 9 ! C 56

# stedlsj to' ’ l dissed
stedlsj o' By dz€ d
1 vnddz L jdidets’ e jtendikzndead <
2 [ Sy s fizf esdets’ § 59 jj S MY 5§ o dz 0200
(1-wan, 1 H, Uk
3 Il dzdL s €' Mmis! H S dz' df ) dOfcketss (
(ft?1) GOH' Ef' 600
4 Il dzdL s €' fMls? HEs " HfK< 3 500 o3
5 Il dzdL s €' Mmls? HEs dzOMjijd< 2 500 o3
6 Il dzdLr €' Mls! HB HBEKGESY< 500
stedlsj e’ = o d¢C dzt yj dzdzw
7 sdf L Jjddets’ (tseojtendz |l Bimena 8 " a2’ ' 9,
BkH' 8 j dz/L,OB t5dzts
LJd&gjdzv, LOY dzO¢
(1 TlepeBaxxHO  HH3bKa 1
i tej H daw Is
to ts fy dzd dAdO dgjs*  dz
Clh ¢ Odz6
9dmMdzOy J dz' Is ©
Lyjdgdz", LOGCtdlIs’
15 CydtsdBz L BEOdds Stedlkjt'  wOdaEs

( BB 82).

87



v OB dzdgy v

1B 't 9dm  Hdzd~s HOdzd n
sdf HOdzd = [ 4 t6j dzts
| zZsB Odz dzg@ M dzv YydzO tcOH ‘| Photovoltaic Geographical Information

fntsdav ydats

Jdzj Sstetsj dzj tec
CstedL Bdzls Odz dzgts o MiIs Odzts o
BEHEZA 9

System- PVGIS(} * H tctsa 'HH difs 9 d

JdzgjteejIsdsd wdzinls d Is 7
stcOdzt stclskz w " dz¢ dats (
| & (European Commission’'s JRC
http://re.jrc.eceuropaeupvg downloadmap
indexhtml

[ib)BeBsdsc yd HOdM

Typical Meteorological
Generator - PVGIS
' Hdztso dz¥ 9 Odzls”’ 4 dzj t
JdzjteejIsdsd Is © Is tc ©
ZOkC tso G s Y J dAutefran
Commissions JRQ)
http://re.jrc.eceuropaeupvg toolgenintro
toolshtml

Year (TMY)
(1" Hte

.z 2lsdzd € s oldrilsal8dLIMRS

Collection 1 Levell Data Product ff e tslIs 5 ts
tctsL to' L @82j(Idpdgdz® Isj o Istste”
1 OMIsQo dz' oM CBEts O BAzkz

dptcrn " ® HOdzd R
http://earthexploreusgsgov/

] d BdztsG

MW tetse O di3ts H J(REM)) t©ndz'O'e WAz
tc O2 5 ZBASTER (GDEM2)L dz' (A©
second Global) f tesfmiststetso d d30dz ¢

dtcr ' ® HOdzd R
http://earthexploreusgsgov/

| | Bdzsc

L Btesydav d3d e 3 © 1 Ofmlis ©e df OpenStreetMap
https//www.openstreetmaprg/

L OMmjdzj dz@ T EdzCIsd | Ofnpls © 9| OpenStreetMap
https//www.openstreetmaprg/

" dg J dzj VIEtdEyg zj H Oy ] WeGISENERGYtsB 0 * £dgj 86 |

1 OfMisOo dz' 9! Csdikz tLO2 sdz

Yyjtedz 9y €d2 B dzOMIg
http://mapsoblenergacv.ua#9/48.2026/26.2
214

P itejdz € fesdmzseadn
1 OMIsQo dz' oM CBEts O BAzkz

CHby' Qdsdsds’ ydzd 2

1 OMlsQo dz' oM CBEtS WO
tc ©2 ts dzdz0O HJjtoY Oo dzO
yJtedz o9 j ys €5’
http://zastavhaecononst.uaindexprezenta
cija_rajonu0-45

T o (et & mujdaskds s s
o OMdsi sz tso j 6 d digedry fiz

H' deveid® Isj ted ls s'tdg € t5¢Qsh 4ol

lEsdz ydzO C OH OMIstetso @
http://maplandgov.ud

88


http://re.jrc.ec.europa.eu/pvg_download/map_index.html
http://re.jrc.ec.europa.eu/pvg_download/map_index.html
http://re.jrc.ec.europa.eu/pvg_tools/en/intro_tools.html
http://re.jrc.ec.europa.eu/pvg_tools/en/intro_tools.html
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
https://www.openstreetmap.org/
https://www.openstreetmap.org/
http://maps.oblenergo.cv.ua/#9/48.2026/26.2214
http://maps.oblenergo.cv.ua/#9/48.2026/26.2214
http://zastavnaeconomy.at.ua/index/prezentacija_rajonu/0-45
http://zastavnaeconomy.at.ua/index/prezentacija_rajonu/0-45
http://map.land.gov.ua/

| 4 B da¥ stc @@ fpls Puigds ZOH " 2dzdd3 HY J 6] dzisd
C ' dzt CtsMls Mtsdalz@ dzts | tc OB 'OYy"' LS O’ dad, Is C
¢ ' dzslsdzsgetse 1 OMlsOo dz' 9o e ObFistf j @2 sd&Qtc
"dzo j dzgs OtedL Oy ¥ toj MEztem' o MmMsdav judeF € Is b el dz
L Wthtsjdzj Slstcduydedr MdMmMisj d3 o) Qro'taitlf "2, oL
Yyomlsdqdz0 ftesj SIsz SOLAREC, s Mmftedw' of
|l otesf j2f)! S5B wtss L' WwW¢ fk' 2CsdBz ' H
hdzw ntsd3 ftetso J HJ dedais] @dalz'o ded ndzOtzE L tcsB 56 L
LOBJ LY Jyjdedew fwlstcjB MisydeOy' o.

l j-Blsstc’ dzg¢ O fsdatso dzj dzts”’ PVGI S, Hy Ctstoc
HiczC Ezo Olsd C Otcls d fn s da¥ slss 5 dzgz® e ) iz thetighlz | dz
Jdzj Slstes deff B8€ QLMPREZB .dz0 o

m PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

NNNNNNN

t d®B5. Inilssstc’ dz§ O [| e J EBhiveite:Bc.ec.europa.eu/gig]

[ i1 Btotsdzts GH daydz’ ¢ H Qiddis Is disECEey  ta GlRGS2dalz) dz2°
ZzO2Aidz demistcwdffdzle d2 6 J dzj tOIstste d3d Is § e t5|dasws
PVGIST yJ dz0OB ' t6 3 Isj stetsdztse* ydzdms HOdzd - ' L
Sk Hdw fjodtsets G jseteOW ' ydztsegts f tsdztsy j
Cdzls j 6t OCIsd e dats o' LEOd L Oy’ ofm' n H O dzd
Isd S Misso ts@B.8.02 dzz  (

89



A TN A

it dB6 wdmlstclzdzj dzls v dfsod?2 c¢Jjdzg] cOlstste d3] |
PVGIS[ 1 ¥ J tehjtpizise:jrc.ec.europa.eu/gig|

r dzv o dL dzOyj dzdzv L j B3dzsets ftsSCtcdolz ¢ ff " dz
CzOmd ¥ M@ istdzd € s o BIG Hz! dzde? BE® Misfg tf § br dsdzdlids.
Ldz BEtesBdzi dedr E to' L dz2 fjte" sHd YOMEolsO
stsdsz ydmdz' , H Gdatinel2zN®GRAALDR, aMODIS 43T), dz@ o j
Mo21I" | jtdase' ydets' . mMdzeysed wz¢ (USGS)

[ BtoOIs( L dz° d3s ¢ H dzw B t ) tzlc f i) [p thzalzlr & QOES 42
WlkzdeC y'dzmistcAzdzi dz®Y d Is iz H Odzd n E(BE)t h-Ex p
(https://@rthexplorer.usgs.gov).

l " dz dzOHO' sy dzde ' Mils! dzZOdzOh Iskzeo OIsd, L Of
tc' 9 jJdz BB Cd ¢ sinE3ss mpsdad]s w ydZ odghdels © H Gls T
tsls tc d d3@alzdBt Oo * H I =HEEls rfdgdWd alz @ o, ¢

90



«<USGS =< USGS

science for a changing workd science for a changing world

EarthExplorer - Home

EarthExplorer - Home

See Gl Alaood Search Critoria Summary show Searcn Crtora | Oata Sos | [VTIIORITIGY Resors Search Criteria Summary (show

2. Select Your Data Set(s) ¢ 3. Additional Criteria (Optional)

Check the boxes for the data sel(s) you wan 1o search When opra CryTHik e e T Kapra  CnyTHuk
done selecting data set(s), click the Additional Grferia o aropoown 10 select the additional criteria for each data set
Results buttons below. Click the plus sign next o the category

name to show a list of data sets

Data Sets
5 Landsat 8 OLITIRS C1 Level-1 ¥
Use Data Set Prffter hats Thia?)

Landsat 8 OLUTIRS C1 Level-1

Data Set Search
Product I
41 Digital Elevation o
41 Digtal Line Graphs
4 Digha Maps
$E04
# Global Fiducials
4 MMM
HISERV WRS Path o
# Land Cover 2
S Landsat (J WRS Row
¥ Landsat Collecton 1 Level ) o
+ Landsat Analysis Ready Data (ARD)
# Landsat Collection 1 Lovel-2 (On.Demand) L Al
¥ O K Lana LITIR 1 Less than 30%
oK Lessthan 40% ¥
oK v ‘Scene Cloud Cover
om Love Al
® Landaat Legacy Coms S 1%,
4 NASA LPDAAC Collections Less than 30%
* Radar = Lessthan 40% ¥ &

ZUSGS

science for a changing workd

EarthExplorer - Home

Search Crtera | DataSets | Adow

CLCTW st | Search Criterln Summary (svee)

4. Search Results

It you selected more than one data set 10 search, use the
dropdown 10 see the search results for each specific data set

Kapra CnyTHmuk

Note: You must be (ogged in to downioad and order scenes

Show Result Controls =
Data Set 1008 10 @xpC rosults » (8
Landsat 8 OLITIRS C1 Level-1 v

Displaying 14014 @ =

t dB7 wdzMmilstczdzj dzls L Of dlskz H@dY - | § dsdaske E x
mMizxed vz o) (., tohitpziBaarthexplorer.usgs.gov

JHddz Mk s ded Lamasdt B OLI/MRSHIwlection 1 Level 1 Data
Prodf wtsmiststeseo d d3 L c,l biddy deflas@zd 2 19 fj t
wed?2 fsedz Miss tsatsy dzs’ cf ' dzis g dzd IseB to P @2 |
s Oyt 9O dzde® B dz. 3. 3. ftcdojHjdz CR: RCRerd S
L dz2' di3¢ O.

91



) OOk sted GBEOdRSE B

v OB dzd yvw

L d2 dtevellL ands a

dstedBizlsd
HOdzd A

1 dzOyj dzdzv

1 dz2' diBs €

WHJj dzZlsd ¥ * € OlIs
ftesHkzCIskE La

LCO8_L1TP_184026_2016081
20170322_01_T1

WHJj dzsd W € Ols
Landsat

LC81840262016232LGNO1

[ Ols @RQ dedz"

2016/08/19

s df HlEewddd -

L1TP (Precision Terrain
correction)i Is ts y dz®
stsf sScteOW * ydzO ¢
1 d sdi3jstedydzs, tg
9" HECtstcdetso Odad 2

[ Ols©O Mot

2017/03/22

wdzH d ¢ Olsste H Hj dz
Md30tedz’ Mis 13.86

{ sHjdz dz2OL §

¢ tsdzls tots dz! dzd n| 314
ANBted3Ols GEOTIFF
sOBtOW ' ydzg

f tots WE-1)° UTM

1 8dz0 UTM 35

I Cdsd3 WGS84
[ &' f mMts™ H WGS84

l csmisstetso j
totsL to' LS djdztdciny
Panchromatic

1503

l csMiststeso j
Bl to' LCdpjdatp
OLlI

3003

l osiststetso j
sl to LS dRjdztmtky
TIRS

3003

Zdesls0 vy, dls

48A51'58. 21" N

[ BoaegtslsO yJ d

25A32'34.91"E

wlf kzlsdzd C
sjf dztse d 2

b Ols dz§.4°

Landsat 8

BO"

Ho © MmJj dzmtste O

© dzW tc O Therwal Infdagd@ Seffsgi tRB)IS to
[ So ) hadaff dif cesMisstetso §
Landsat 8 OLI/TIRY | j tBdztc " ydzO Mmdzkzy B O

Clatstsy chats otttz Tojfiz S ottt

s W] H OO d

92



v OB d&zdgy v
rsoyddzd fFeogipstsictseo ] Mty Gls tc @egztzdzd = ¢ O
Landsat 8 OLI/TIRS

l otsfls tstets
: [ 5o ¢ azdf d _
g j € Ils 0O dg QlEzO dz ¢ ds tetsL to' L dmj tzd
7'¢my,dzvdg
'of Od @tz

OdzOdzL B j to | 6 5 (CmdAl /
° e ( 0.433- 0.453 30
Aerosol, New Deep Blue)
s O dzGdz d2B4Blue) 0.450- 0.515 30
s OdzQdg j I (Green) 0.525- 0.600 30
S OdzGdz j4c 9 KRerd)? 0.630- 0.680 30
s O dzO'dz d&] Y 2z (Nearvnfrared, NIR) 0.845- 0.885 30

0 dzO Btsls C ts e Ot o
° s e s 1.560- 1.660 30
Wavelength Infrared, SWIR)

OOEsslsC sn suYEHorts o d 2
° ® b d 2.100- 2.300 30
Wavelength Infrared, SWIR)
S O dzOdz O8z- tc tsdgPParfichromatic, PAN) 0.500- 0.680 15
S OdzOdz js B dCirtmis) 1.360- 1.390 30

r'of od MR

O dzaWilxr Odzj ¢ Ldng Wavelength Infrared
° i J & dang J 10.30- 11.30 100
TIR1)

Oddler Odzj € @LBng Wavelength Infrared,
j’IRZ) “ J ¢ dang J 11.50- 12.50 100

s O dzO d€Coastal / Aerosol, New Deep Blug)ykzls dzd o d 2 HS @
Mddz ses SO W' sdzj ssoatsets H' dzw dzesC M j € Ists(
stsdz NPts otdets tesLftsomMeE HYyE  Ist Mw E o' Ist
v O¢ MOodts, wWC 3d Oezéggdiektts GEHSO AT slslzdz € tsC
Csmdism E M dpengtizgal Land JndzgeOLl) B Oy d Is - dzj B 5
Ctsdzd o fg Hdg® ddzOM yYd L IsimMfli TsBO ISdc®y ¢
L HBMISOdy 5 C QU dZ] o * M dzd d3° * dzlglstdd?’ 03y Sdzdsdsls
HOdz fHtod yY' sz f tcsijlk GAOE sty d3Ez0E tH 10 O df dg jrndz

93



[ 0OJ tcddf ©Qdets értf 5o Hio R8s cHSs s dzts 0 dzag dc Oy || dzfls
B ZECsdOHBPHUMMIS] g de®MBEERBUA] SOCdr wWE fdc

s OdzOdzd (Blug Gr@&enRediyj o dod dazO® L j dzj dz2O °  yd
My jSktcO. I tdd HBLotdwE ! lstedBOId d&kd
¢ sdzr R@&BOR

s O dz®(fear Infrared, NIR)y iz Is dzd o sf cd yHHEB dz¥ tc O sjHtS odR/dAzS «
My JSCKBO yofilsd dzOts fintyf gf kdedct s a8 @Y dzd & s dzse ™
' HBBE@HETHISo " TtotshRFRE L dabr sHIPEIIHS d o C
Hse Yy ddzed ~ o ddz! dzOL OH 2 85 Glidz] BUESC O sAER tsppidzOs -
o dL dzOmdisils tc @z jdk'ind, IsO¢" wC NDWJ d3bsas@sta]
HOdg th) Iff @dzfn dzd dz

s O dzO dzd(Shert Wavelength Infrared, SWIR SWIR 2)ts - 5 dzt 6 Is4 |
o' HicC BEBElsCsnoaddz toatsets ' dWtcOyJ tco sdetse
Ctsted MdE' HHsEWe jodisizpteipdsy” L J dgd3dz' o HO k@' ‘G jLis
wlz dzls d, wog o dcdzvHOY Is¢ OdfOEEOGO Mt dgd D& 15
CtsdzsteOfylsd ® SWI R.

SOzOdz 8 ( Pan c-hifrCdaratd 8 dgQ Is JPupds) Af e Oy s s G
YtstepzsdzO f dz' 9 € O: LOR Mmls- sts G s, h 5B L B

{5 Hdzz® 8 g MEH dzdzC § O &. C OOz By j
o' HOLE, o' d ' d028 ' -dictshsshEdgdn Bl
Bjlst' o.

S OdzOdk j &d Mis' n BOHECECd @r usilzy § BOdzj «
M jClste®: Is' dzz €d 1370 N 10 ‘dzDdaBisy els’ o tsl
Yy yYyofmlsddzz Mff j ClstcO, btz hs OlismMW j O
sBEts L j By dzj gt sERS OO ez, ofj, 't vy
dz' sd3z, ftsoddzdes o HEsB tc Oy Ol&d iBCSH Q) lg &3 Pk j

s OdzOdzd 111100dZj € d 2 wy (Long Wavelengt |
L dZORSHWIS! Mw 9o IIsjfdzseo ' 2 -b iz On)] BEHEB EBOY Ot
1 Od3' fls! ss¢ s, h 58 oddz tc¥ 9 Olsd Is j o3t J t

94



B Isj stesdzse* ydz'© MlsOdzy’ ~, o tsdeh jasfa tgs ¥ ls!
‘ OB OCGOIsts adh ts¥

rtezed?2 Isdfy MmMezdtkesddStsedes HOdM]A, h s ¢
tcsBBBJydW cso O itsH ABTER MgtalzElevatiem Mode{Krieger T.
et al., 201 dlsOdzesdz dzO 2019 ' ¢ yYyj dO2dzse ™ h
toj dz " Wk, bslogdfododdzO 2011 st kz SRAVEYEZ (DO®O
tcg'WGCEO ' k2 o' dz dptuipzlEizCHtINBIATEEZ Istsets, N tsB
tcj dz'¢' W dzts ISt isdlz , s O Hhégdzic ®F isa @5 ez’ ¢ ¢ °
o0y zdoddzsd f OO dijclstc B@EDE g Grdzt j dids ¢ Istcts s C
1 d2° BSTERDEM L tetsisstetso dd3 BGL k) isaipsedzag( &8 2
9 " dzi dzs 3z HoafiT) I6HI2 jiss! ] d sdzs@ " ydzts® Ip dzlis e s € dz
EarthExplorer (EE) (https://earthexplorer.usgs.gov

- ¥ N ¢
EEEEEEEEEEEE

tdB8 1 0O0fdls HOddr ASTER GDEWQ2 K& EjajytdtE
mMdzzy B d 4 Z & (Jachjtmstgearthexplorer.usgs.dov

) tc @8 o dH dets, hts Ibjtdlstste’ ® clf ' dztslsdztsg
fsCtcdo O Is' 1A@m-&conddSTEHRGDEM2 wyr § OtcOd3d Isted
v O B3dkE.

95


https://earthexplorer.usgs.gov/

v OB dzd yvw

1 OltOd3j stcd Ho tsn tsB tcRAJdASTERIGD&ENMZ o
dlstedBEZIsd . .
H O dzd T 1 dz0yJ dzd 1 dz2' di3s ¢
[ Ols©O© L dz' ¢201140/17

oG j dzsmisoe

NASA/METI

1B Sy v

] BGCLOW " 1

] dzmtste

ASTER

l tsfls Btets ¢
oL o' L dzj (

1 ARG-SECOND
30 o

ud i dzfntsts(

GDEM

(dz fs" H

WGS84

{Hdddy’

] cOH EM]

Iyt v

2.0

AtStcdzOls

GEOTIFF

[ Ols O tsdzts ¢

03-11-16

zdqetslsO vyl

48A30"'00.

[ BoaGetslsO 1

26 A30' 00.

ASTGDEMV2_0N48E026

[ Ols @z B3O dz

2011/10/17

b GJ dzlsmilsot

NASA/METI

1 6B Sy v

] BGCOW " 1

[ Olyds¢

ASTER

l tisMls 5o ts §
tetsL to" L dzj ¢

1 ARGSECOND
30 o

vsdf HOIsYC

GDEM

(dz M H

WGS84

fHdded y"

] tOH EMd

I jem w

2.0

ASstedBOls  f {

GEOTIFF

[ Ols O tsdats s

03-11-16

zdeslsO vy

48A30"'00.

[ BoaGetslsO 1

25A30' 00.

ASTGDEMV2_0N48E025

[ Stotsy dg¥

1

GEOFABRIK-B j L € 5N Is 59 dzts chigp://dbwinitsaal.getsf&brik.(e/europe.hyml

wWeCd22 L BOO0Od&zo@ ds ¢ d
L dz02Isd Gdzso dzj 'L oo [ O SLBizca] dzwh
Aj -y DOF &kiapefiley

fse jsBdz” CIs' 9

dzO ) Jf dzjdzels-
WO fplstdl Klsk o

HOdzd m L

, H LeO e'lsid dzd 9

/

dsj@eQ iy jlzozj dz’' 1 fiplsQ dsdf’ o ) ssted sk Oeikds

OpenS'tradgey HMis

Hy W S(diFn. £ 180 ¢
L J
o SHdzd n


http://download.geofabrik.de/europe.html

Ist es empfehlensw

Sub-Region

Welcome to Geofabrik's free download server. This server has data extracts from the ( 5
normally updated every day. Select your continent and then your country of interest from the list below. (If you have been
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t d B2 1 syOls C-ig9 PIIROIOHAEICzE M Is L J d3gg dz! ,
OdzOdz' L 2 € to(d[lsrdej té jodztis:yO odis ttc ]

1 Jdddz’ Ctsdz sted sL dzOy O sk MezB? B tocdz'L s O Ik
dzOL j d3dzd,mn Sutgda sted BdzdL ! € - dz@ IBCE * ftad dzO tod® ddmj
odCdzs yjdg bjtedltst Lisof)' &5 dzj ftedHO
e ddzOdizd MYls@ d yyAvdizd 408 dzd y ' dzCBo. j1H3] dzts
ftcdHOIdztsmls tcj ME UG yts° 8§ Oteig  dz€ d .

v OB dzd yvw
JidMm hCOdzd fttdHOIlsdztsmls"
t ' 9 jdz 1 tcdH Olsdz fls t"e9dd¢ fJtcdHOIs
1 Lowest suitability 1 02 dzdy yO fYtedH Ols dz'
2 Very low suitability reyd dzedr! €SO ftodHC
3 Low suitability 1dL €O ftcdHOlsdz fls
4 Moderately lowsuitability ] 53 tedets dedL ! SO
5 Moderate suitability 1 sd3' tcdz®@ f tedH Olsdz fi
6 Moderate high suitability 1 s tcdzs 9 dMsC O 1
7 High suitability l dMsC O ftcdHOlsdz fls
8 Very High suitability rexyd odmMmsCO ftodHC
9 Extremely High suitability 1 OHL 9 dyO2dzts 9 dMms§
10 Highest suitability 1 029dh O ftodHOlsdz fi
0 No value (not suitable atall) |1 J &30 L dzOyJ dzdzv ( dzj
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322stedlsjte’ ~ o dC dzs yj dadzw

| v ded 2 Ctedlsjte' 2 o d S dzs yj dadzv , oL i
1 OfMisOo dz' 9 M! Citsg jsls d €10 dydiziz’ (i dgdss s .
sftedVvbsazdodd3 sdftsd3 L j Bdts’ f st ks jdezgegHEdm'd

jdzj StesMmlsOdzy' 2 ° oL @Biz@tsp @rtsdzsy] ezl 7 o 15
B Myje Mmls!:, wWCO "OBOSIKjwdLEZ  Is! Mdzd sty
tots fydzd dz@OMls ¢ dzj ;° Gt hd@iefcf;) dzOw o dz' fMlss ¢

o dmMdzOy J dzd n OB ts Hj GtIcOHtso Odzd n L § d&3j dz
Md3' sls* L o Odzd h .

c S Bkdzs L OL dzOiugvdztsts fiee@dyg' e ho jO,dzdzy C tod Is § &
o dL dzOyJ dzdaw L J i3 dz/ dztsG s fsCtcdokz cf ' dztsk
Hsf sdice s C dzOMdW ' COy' - B pk 26 tplf § & @S
Ldz" &i3s¢ L ands a tCollé&tiordLLATP (PrecisiorH &rain correctior)
ssydz® Isfscte@d " ydzO Cstej S y* W

1 sf jtoj HdgY tsBtotsB ORI/ AIRBdz2d -~ Landsat 8

1 BBt Oy j dzdz" , tsils tcd &30 dz' i dztstc O dzd Lar
M slseo tstcs 9 Olsd Mw ) tejLizdz sOIs® tesB sIsd i
stsf sctcOW " Yydese s | HBSHIOIsE 5B O s Y @alZ2dz) 'L 2
JWiSlsd Hdzvw K siprg ®dzdzy . 1 teslsj C6
o ddcls! BOGCOIIEY WOMEZ MY BEuPdGIsd ° HY 6]
(Nicholas E. Young et al., 2017).

10O dzddadEsOIsd H J dzg 'O O §s  adzOz'ts o I - ) Iz Az 163

VHAEY oadHd®B]-~SW BW ROEOdz's o :

ydgwtctse j y d frpdetdf to 6 @'N dzfradi@ndz)ze * H B d(&ulkace
reflectance);

VHAY ] dzcedr COdzOdz' o :

ydiwtese j U d fndetsd § to(tsN )dz® (eaddedmdy)y Is § di3f j 6 Olsk
(temperature

lJtesHEZCIsd Lands@otlectiBnl DITRY t9MISTOoRIBY & Is+ Mw

ydW cse dn (Rsd3j%es ‘o &y kls! Bhklsd §jtjlss Bt
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o df esdz’ dfradiddcds s o ' (swfdclsrsflectance) * H B d-sUpjv
9 ' Hdstsh j dzdzv o d 1 tctsd3 tdgs' o Gidsdadg tc B d3'HAz¥dds@sdzdaY
zO0 ' ¢j6 Ezydzdsipizl dedzy = 202 yOMmiIs' M j o d ¢ Ste¢
dzes d3j BN] (OB ts  asurfaedsfislve dza nls £ fCE=BOIAE doW tots o
des 3 INJOK 5 Is ] B CtE@lsilzth@ s j dz' 9 ' dzO) .

[ Jted ots to'odjLdezOyjddadzy to' o dgv s j toj Hdz' t
dzj sBR' Hdagséts Hdzv B' dzf hspllz! | & sdithP.§4] uptzd BaC

1. Yu € notpeba y Crapt

BBedeHi cnewianbHMX |
oAUHNLL? Hi ——

Tak
(hanp., Tasseled Cap
nepeTBOPEHHA)

CneuianbHi oguHUUI

2. Yu Bu ananisyete
cneKkTpankbHi 3Ha4YeHHSA
oAHOro 3HiMKa Ta 3a
oAVH nepiog vacy?

(Hanp., BUSHAYEHHA 3eMHOro
MOKPWBY Ha OOQHOMY 3HIMKY;
BU3HAYEHHA pi3HULI Nig Yac
BWKOHaHHA nocT-knacudikadii)

3. Yu Bu ananisyete
cnekTpankHi 3Ha4YeHHA
OeKinbKox 3HiMKiB, Talabo
3a pisHUi nepioa yacy?
(Hanp.' BU3HA4Ye€HHA 3EMHOI0
NOKpUBY 3a ,EleKiJ'IbKOMa
3HIMKamK; aHanis YacoBux
cepili 3HIMKIB; BU3HA4YEHHS
pi3HUUI Nig Yac BUKOHAHHSA
nonepegHboi knacudikawii)

BinbwutTa (surface reflectance) abo BunpomiHoBaHHsA (radiance)

tdB24. g jtejots te" hjdzg HdzW odL dzOyJ dedzv toc
L dz2' BT Mg td\jcbptas E. Young et al., 2017]

VHOdsdszE odf OHSCE tsB dZOfifiisv I jtdipfds ey jWdzdz
1 OfMisOo dz' o M'-GsEdSH dsOBtsdglr tHdddiz MEPL OdPL
LH" 2fMmdze 9 Olsd &3 Is+ Mmw Hdzw, slsitskzs s o 'fH e as'HH:
fsf jtojHde 57 tBtesBCN).' yYydWtctsead?2 desdij to (

tzf Zlsded{@ L dz2' d3sC L a n dGolHettion8 @®lsic d &30 d&d
mMjtefdzv 2016 wsCkz, HOd "OMds' OCHwihe®o
Gjsd3j sedqdets dzOdz' fetsyjmd cijsftedOyi g’
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jWjiClk'eo LO 9If@Pa iz HitsdzOHDINE o f o
tc ' oQMectionl, * € Odz' B totso O dedf dgds ts i3tz Aapgiampeiztse ("
BOfiglOB 50 Odz’ HEs te')L dedn cdzdeddz B' 5" o
BMNME® Gy C Y0 of dzdo dzps REMEEE Odksd s
Ldz HEte' Stsdd (1) ftesotsHdl! Mw 4§ ste' o dg¥ o
tsls to d dBOfE[dBHtEPY | St OH ' ER) MR ®d BF t&dzOls d
Cstej Syt Csdzd ftsosHdlk! MW §ste’ o dgv o
{iSt®jdHE 8! Mw dzgj odStdzzo Olsd OlsdBsMY j to
(LG ' Hdzs [ jtejo O t'h jde h gjuiz 64 s dzOsyf] i
Ldz BS ). 4P 2tclsssz s osdz® &syj o dzsmdlsd
eta,2006) . U HOdztS i3kzo dH tstAPdR' j Hia R dzdls © o | dz ]
Ldz B O ° ydiDh)soe ¢ ditzts BB thtsEzs sdz@ S tstej Sy
o S tsdzlz.o OzOMmW
s sEOW ' ydaDj Swg gy vSed2 odSttedmist
JWiCl' o Mo’ Isdi-ddyzs )P sipd g dads ésd Mslsd, 0
odCdzdC O L3 dad k2 L dzOyjdedzgv = 9"  HBdIslsWw
LOoayHd {§Blstc’ B dzO, o sdzO® BBsy 4§ Blzlsd tMmtse
¢ ehMcOdB@IF, 1991, Riafo et al. 203, S
I Odzy ts ipplzf dedaw dzJ o BOGCO Yy!' st SCttsC iz,
1 OMs@e Bzed?2 02 cdz toca' loGidudadd d2d 21s jded| stste”
o dMisb?2 o dzOH ' odzj B J Oczs' 2! CBEt5 BSteW
]  HdzsMdzO0 ©OH' k) PhEgiEpde B sk Ry’ & odiy
HjS' dz € ti2d AC mfpds dy@'dzso sH gls' C sy j ezts € B Uz0 &
COMEjtsted ydzats® h COdzd, S OEzB s wdptezltds On Gedz® d3
o df Osi§ s dzOdzdz? Y' 5Ets kdflkz ,C Hidykly "5 digH d
fsCtcdo O EkEfmr Ijtedlsstc’ 5 | OMisOoadz 9! CsEt
ulsostoj dzgdz? Bz dz' sy j SIstcOdz desets L 5B 8O
[ fsHOd P8 fesyjHkted §d&OMdW' SOy
MlsotstedIlsd dizdz' Isdmf j ClstcOdz’ dzgj L sBtcOy j dzdaw
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My Jd SCstcOdz) dzgaid COROEROH | By d®' L' dz'j dasd§ g ¢
f s&g .dz
1 G  Hdzs L d&OkCsotsy dz' sjtcOkztetst SO { ts
LOMIstsmikzo Olsd dzO fills@rdf QO o K)Z3B HAz® y 'y ' dz€ d
02 CtcOh 57 .
v OB dzd 4w 3
stz dzOy' ' MY j CilstcQamdsdzt§ -~ ¢ O dzO dz’

zdz' Is i ¢
1 OL 9O g.tsd;sla.‘dz(’)u“’I Cffnl]'ii

L sBiOY J d
1 Color Infrared (CIR) 543 it d 8280
2 Shortwave Infrared 754 t d 8288
3 Vegetation Analysis 654 t d 8289
4 Agriculture 652 t d 8286
5 False Color Image 752 t d §28"

dlsotstej dzdzv Bz dz' Isdmtf 4 € Istc Odz! Haff &6 ts d ds@ dpdats
LOBJ L Y MutiSgedz® | dzMscty 9Oy dzdets ' 3f Sslicks z @ @)
dzd 5B n " Hd2 WA PQadfcOEzEO4 d e ondzQudzdavlz ©fS 6§ o3
M j ClstcOdz! dzd B * HdOddzz’ mVO@20ds & iz dasE astc Oy | dz
(Combining Separate Image Files into a Single Multispectral Image File

l tjLkzd OIs' GlstedB3O0Odzts ' wWis! dBzdz Isdm:
tg i.25( ©, B),. fogB fids,stetso | fpdsOdus oLddsj! dzd@30 3.
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tdBs. 1 wilsty RBzdz MY J:CIsteOdzr dzd ~
O- Color Infrared (CIR); B - Shortwavdnfrared; o - VegetationAnalysis
G- Agriculture ™ - FalseColor Image
[T Mdte] d&zs: Qo Istste]

ltcd HjlsOdz desdslz o do yj dedz’ Ctsy dztmdtso |y Bis
L 5B tc O Agdimildture- dzO2 C tc Oh | f UM ttsjH W sdzts dz® 13 { dediz
L J d3dets ] teffftde'dz’ L j d3tlizt twisiggedigedz Miss o ' ticEOte @
Ljdzjdzedr Ctodz' steORn; tstodz Tl j B3tzicH 5o HBE € s«
L J d3dz’ L ot HdgIstdgds i tsw o dzw 6 Is! Mw k& tetsy j ot
fOMmtseid bz © j dzf dets d ydzj & GpdizL | dzj dzts d3lg 3dziSdaizidzts
CORzO W dzgd M 1§ ‘'zMmp | -tgdgpe s BB dz! stc' . ¢ dzj 4, ¢ "dzOte G20
f ¢ Qs tc' L dalz® Is nigffidz' Isd M d T Is o &az'tcd@ ) J dzdpdlzd] o
fteduddzO0 f(sdzvEe® ¢§’ eEgaiaz] §jtjo Oy dts
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&' Myj o8 s dzSsasdsy,j dzd 8 MOH OB yYd CBiEsHC
fedBddL dts 15d@® Totsul ddsds o BObpE s &k d! Isdf
L SBOY j dzdg" MmsOdesodls: 30d R 30 ds.

stsdzlstetsdz' s OdzO C d&zZOMdW ' COy' W MmMkf kzlsdsd € ¢t

1 0f e sdetso Odzs L OfMMstsMso o Olsd S tdlstetsdz
Ldzg B¢ o L 9dS¢ sted Mis Odeatzzty * talty ds' s@vleNyIiEEO ¢ fi
likelihood Y§EPl bk 2set ksyd Mis: KO wW¢' fls! |

r dzv  ftetso j HJ dzdeted y 'dzj 5B A ‘terisdziy H Iz d3fStistdzls z1n
ftosctc ORdets 3z M@iSpee 88 joQizfzdz 3z dz! sd My § € stc Od
fAgriculture-¢ @O dz§ ,8 0o dtc' L Odzj) Offits O sizpDRdsKEZE ¢ ts

1" fpdzw  y! sets Mlsotstes 8 Is! Mw  dz0o YO dz' dz
9 ' HiBo Hdzgs HB Isdfkz vL Cdsdibs'tcs fzsts g @Ezdz?2 €
odStstcdmissolze Is! MW HdzW " HjdasdW® COy' = € dz
odB "' teC d By s Blzlsd Mlse stej dz' " odals j to
L SBtcOY J dzdz LO HSiBdR@tsers ° dzifg & tc iff dgjsdiles Oaizo
L OB j yMub@peco sdzd Mmlso tstes 8 Is! Mw £ S@fth] BB GBE2
Google Satellite Map odStsttdmistsolz’ Isi Mmw
sdfz Lj gz’ Htsojten dz' .

d4dcedzOlsztcd Mlsotstes 8 Is: MW 9o to' L dad ni HAglzZWiny
B' dz hd&h | ©® { teogjHadafdm{dz’'dzOlskzted HIMW dOCIdy]
HdzW Htd 108 n " Ciyj dz' 9. { cdz L J d3dz’ "'HJ dzl
CosdgW " cztcOy"' " ¥ . w' dzgsy Ols' SO f OfMseadh O ftot
z' " 9.
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t dM.6.uds.odstcj dzdzy ez B Y@ jdizfjrdzts: O9 Is st

v teBBYthiiz ftotsj ClIs’ Miseo StojLdztse ' HI 5 ezO &
oL 3" OB Mdc dzOIskz te

1.] sH dz® taterbddisdi 108 ' ¢Mmj dz' o;

2. " (Fpresji 4871 S Mmj dz

3.4 O HEardenyi 300" € My dz' o

4.s Od36 v dzd frfockylanglgdgddt* ¢ i dz' o

5. ' datsy Ols '  Is(Bayfipl@stdpasfurely 780" ¢ M dz' o

6. [ tcdz L j d3dz' T Iz dals(AmaRldclandsvils open soil) i 4 338
f S fipj dz

7.Jtedz" L J dzdz' L ) iARa¢landsvat dizdvelgazatiomls 8 104
' Sy d

8.  tedz' L § d3dz’ L L J dAradisdandsvtetls Gyeedvdgdzatiopls ©
19401° € My dz' o

9. [ tdz L j d3dz' L zOf * gApble lends withtsdgrdedrylzdz' f
vegetationi 2502 ¢ M j dz'

10.m d30O €thudy i 974¢° € fj &z’

11.v ' dz' 9o (Shadofdy@leudy i 623" € i J dz'
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