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ABSTRACT
Andreiev A.AObiject classification technique on aerial and space imagery under Ic
separability of recognition features.
Dissertation for the Doctor of Philosophy degree (PhD) with a degred 7 i
Telecommunications and radio engineeringi(Electronics and telecommunicationsytate
l nstitution ¢Scientific Centre for Aeros

Sciences of the National Ww2028emy of Sci e

The aim of the studywas to increase the accuracy of object classification on aerial ar
space imagery by developing a technique to increase the separability of recognition featur

The dissertation research examines the role and plabe ofassification procedure in
the tasks of remote sensing. An analysis of object classification methods on aerial and s
images was conducted. The following methods are considered: unsupervised, supervised,
supervised and reinforcement learniligs substantiated that for most thematic problems, it is
appropriate to use supervised classification methods because they allow setting the prope
of the object classes in the form of training samples set.

The properties of the training samples setre analyzed. Such properties as
completeness, uniformity, purity, contradiction, compactness, complexity and dimensiona
are highlighted. An analysis of approaches to processing the training sample was carried
It is shown that the common disadvage of the considered approaches is that they do nc
consider the factor of the training samples' separability.

It is proposed to use a geospatial data cube to represent input data for classificar
Geospatial data sources such as optical images, iradges, index images, texture metrics,
and context metrics are considered. Data templates are presented for such thematic tasks
classification of forests, wetlands, and urbanized or industrial areas.

Methods of training sample clustering have beevetbped based on centroid methods

of unsupervised classification. Two methods have been developed: 1) the method of forn



training samples set from clusters of initial classes and 2) the method of forming train
samples set from the clusters centriemitial classes.

A method for assessing the training sample separability has been developed.
algorithm of the method for assessing the separability of two separate classes of the trai
sample and the entire set as a whole is described in ddtaiassessment of the separability
of two classes of the training sample is based on the calculation of the arithmetic mean ot
sensitivity and specificity indicators. The separability of the entire training sample set
evaluated based on either theemll classification accuracy index or the kappa index.

The principles of forming a geospatial data cube, the methods of the training sar
clustering, and the method for assessing the training sample separability are developed
presented in the secomthapter. They are combined into object classification technique @
aerial and space imagery under low separability of recognition features, which has 1
branches of application: reducing the training samples dimensions and clustering the trai
sampleThe choice of the branch depends on the amount of input data.

The way to reduce the size of the training sample is to reduce the size of the input c
of geospatial data, which, in turn, reduces the size of the training sample set. In additiol
reducirg the dimensionality, this method aims to increase the separability of the traini
sample. The algorithm of this method is described in detail.

A method of clustering the training sample was developed, which is used to increase
separability of the inial classes. The algorithm of this method is described in detail.

An experimental evaluation of the effectiveness of the developed technique was car
out. Four experiments were conducted for three tasks, namely: wetlands classification, ger
land cwer types classification and mine recognition. For wetlands classification, tw
experiments were conducted, each using one of the methods. Spectral bands ofZenti
satellite images and some auxiliary data were used as input data. When applying ¢tkeofeth
reducing the size of the training sample, a decrease in the input data size was reduced fror
to 57 layers (reduced by 2.92 times). The increase in the accuracy of the classification witt

use of this method is evidenced by a 2% increase iovi&ll accuracy from 91% to 93% and
8



a 2% increase in the kappa index from 87% to 89%. When applying the method of clustel
the training sample to this problem, the increase in classification accuracy shows an incr
in the overall accuracy by 4% frofir% to 81% and the kappa index by 5% from 66% to 71%

For the problem of mine recognition, one experiment was conducted using the met|
of training sample clustering. Multispectral data obtained from the DJlI Phantom
Multispectral quadcopter was usedrshy, two classifications were obtained before and after
applying the developed method. Secondly, each classification was compared to the refer
map, where all available mines are marked, and the Pearson correlation coefficient
calculated for eachlhus, the value of this coefficient increased by 0.28 (from 0.54 to 0.8:
after applying the technique. It indicates an increase in the accuracy of the classification.

When applying the training sample clustering method for the general land cover tyy
classification, an experiment was conducted using the training sample clustering method, u
the spectral bands of one Landédil8 space image and four additional raster layers. The
result of the experiment was an increase in the overall classificatiomagy by 20% (from
63% to 83%) and the kappa index by 21% (from 60% to 81%).

Recommendations on applying the developed technique are @ivdre conditions
under which one of the developed methods should be selected. Also, when applying the trai
sampe clustering, it is indicated how to choose between the method of forming a traini
sample set from clusters of initial classes and the method of forming a training sample set f

the clusters centres of initial classes.

Scientific novelty

The first developedmethod for assessing the training sample separability during tr
supervised object classification on aerial and space images. The assessment considers a s
classification method, input data and its structure.

Thefirst developedbject clasdication technique on aerial and space imagery unde
low separability of recognition features, which includes the application of one of the tv

developed methods depending on the amount of data. When there is an excess amount of
9



the method of reducgithe training sample size is used, and when the amount of data is limite
the method of the training sample clustering is used. The basis of the developed methods |
method for assessing the separability of the training sample.

The first developednehod of training sample clustering is based on the develope
method for assessing the separability of the training sample. Unlike the existing ones,
method allows the selection of a number of clusters for each class, in which the separatic
the traning sample reached the highest value among the other considered options.

The first developedmethod of reducing the training sample size is based on th
developed method for assessing the separability of the training sample. Unlike the exis
ones, thgs method allows the selection of such input data layers, in which the correspond
training sample will reach the highest value of separability among other considered variant
input data. In this way, not only the dimensionality of the input datadiscesl, but also the
separability of the training sample is increased.

Practical significance of the obtained results.

According to the results of experimental studies, the developed method demonstr:
the classification accuracy enhancement in eatheofour examples. The effectiveness of the
method is confirmed in one of the examples by the increase of the overall accuracy indice
by 2% (from 91% to 93%) and the kappa index by 2% (from 87% to 89%); in the seca
example, an increase in the cor@sping indicators by 4% (from 77% to 81%) and by 5%
(from 66% to 71%); in the thirdby an increase in the Pearson correlation coefficient by 289
(from 54% to 82%); in the fourthby 20% (from 63% to 83%) and by 21% (from 60% to 81%)
of the overall accuacy of classification and kappa index, respectively.

Keywords: aerial and space imagery, unsupervised classification, supervis

classification, clustering, training sample, training sample separability

Based on the results dfe research2l scientific works were published, includirgy
publications in monographs (of whichis in the Scopus database); in foreign specialized

publicationsi 5 articles (of whichl is indexed in the Scopus database); articles in scientific
10



publications included otihe date of publication in the list of specialized scientific publications
of Ukraine category B 4; 10 in collections and abstracts of reports at Ukrainian anc
international conferencesf(which 3 areforeign) and of which8 areindexed in theScopus

database.
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[ JlssHd HEMdzxzu X g dadzy h | dzdz" o tfi ek Ofp teisf aize] 6. O azd

- iBilstsHd dzgj Stsdzlstesdz 5o Dk ¢ &aQE) 8 d € @«
ode ' ¢ d;

- BjlstsHd SCtdstesdz tso Otatsd's £ tedOdnidH j dedzo O%
sBO' Cls' ols @zOC fjdssydzed s L tsBOY jJdadg" n, I1SOC 5y
B3 Is s HAgs os@udzdzY tetsL H' dzd dz3smils® dzgOo yOdz' dets’ o dB

- B stsHd MisOlsd Mmis d iy datsdz"ts ©OYZOdE a @ dzdzw
CdzOmMdW " Czo Odzdz?" odSCtcdMlsOdz § ¢ OL dzd € iz Qd
CsjW' 'y " des Ctstejdzwy'’ 1" teitsdzO;

- BjlstsHd ftod?2 davilsHsdzY tcd ddgvaiA gz@emts o ts° it
sBO ' Cls' as Oz@ tsAdicydzd = L 5Bt Oy j dzdz” n ;

- dBjHd ydWtktsets' tBtotseE Hdazy Md dscdz@ dz'j &1 dzt
9n HBIBOOS B yYydzdr LtBtOy jdz@ ° W stcdsze Odzad

1 OC 590 g By @PEDR SO 89 fsdZVE 0O Lk dO

Il jtcofpL tctsBdzj dagts d3j IstsH sy’ dzs 9 Odedg?Y totsL H
Codzstotsdz s Odets Bz € -AOB) d & sHhHidzd Qdedzs: ©OfsBiE Oy J &
tetsL H' dzd s ls® totsL § fts Bzixd ©OUAm e - i =S40 EZ 5 @ datzy
CsdeC toj sdetse s d3j stsHO € dzOMmd W2 Seisac@dzdgiz,tc da = * H d

Il jtoepLicsBdz] dets B IssHdSCEZ € dZzOMdB O C & & 6dgd
LsBteOY jJdzdz" = o Ed@so O dedL ' €687 totsL H' dzd dzgs Ml
LOMlssmMizeo Odzdz? HdzsGts L Hoeobn totsL totsB dzj dzd

ZOH dzd h C s sdsz € asd'ddgils s @dzdsd Mevd MY s’ B L d3d dzh
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odB' 6Sd, O ftod B &jiRG e 'dE S hls) o dHodag s
[Mdzso 58 tetsL tesBdzj dgdr M tsMtsB' & ° djlssH Y

1§ j tehigis L tots B dzj dzts dz®)ff s nts & L Godm* dzts * dz@eodfus ' 6 € d
tesL tosBdzj dgsets gj ssHEZz y' dz¥ 9 Odgdzg? tetsL H ' dzd o
"fdelzs ydar, HOd?2 MftsMm' B HBLoatsdkY' tBteOld Is
we' 22 ttsLH' dzdd Mmlis! dz0 0 yOdz! dzts’ odB] LW 'H
tetsL e dzv dzgzIsdr o Otc’ Odzls' o .

I f j oL totse dzj dats3j fodh 5 fgday tetsL &3 tedetsfls®  dzOo
teSL tocsBdzj dgtsets gj ssHEZ y' dz¥ 9 Odadzg? totsL H ' dzd o
‘fdzzs ydhR, HOdd?2 Myftsh' B HoLotd'd 'wBEDlsa’ H
zOo yOdz! dz0 odB " 6 O HEsMWEOIlsd &3 dZzO029 dh @ ts
tcsLedzv dzgzlsdr 9 Ote" Odzls' @ orn ' Hdz2dms HOddR. UO
oL B todetsfls' oR ' HdzdR HOdzda, O ° ' Hodh j dzd

] ©0C Is ddg@iaj j dzdz" Blted BOdd R tj L kdz ISOI' o .

10 tjLbkd sOsO®Rd STy jtddj dzlsOdz dzd
ftotsH | Bsdelstclzo OO ' Hodh jdedz" HEMisse ' todatsfls
[(WjiSlkdods Mis' ®jlssHdSd § Hiso jtoHY j BAC DL ded
L OcOdz des’ Istsydetsfyls’ 2@ @24 (il 9@ HWB (D3 UNTE
ftcdC ZOH' LiesMlsOdedz" &3 94 %S0 ' AUAPEH 6 58 DUY] &
71%);0 Istcj isu tstslipls Odzgdzy a5 S ts5j W' y' * d2sBD6 S(tsitc jSoAVHy ' H
Yo jctB@RBRO0O% (L 63% HS 83 %) sO dz0 21 % (
ssydesils' ¢ zOfmdd § Oyl * o SOFf € OF Ozt .

it sLtetsBdz &ZO BjIssHJECO dBsyd BEREISd 9dCtted
Bsdz tstcddzcz L o dCtstod mils Odzdzlsid HOEA &, Y dills o
{ sLicsBdz d20 Bj IssHdBOY £ zO@BEY " @
VSO dzd L CZOHL o duO2dzd s ) dslz @O dz? s aicdiZs @E af
sjtedlsste’ 2 kO Od&Od L. ftduosHdds L& dg, hts

LOMe " Hyjdets OCItsds off toctso OH Y j dadaW (1.1). 3
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L OfstsMseo OO0 k& d&z0o yOd skl fetsyjifm', HJ tfs
RO OBES M Yded D - U jsBuUc@®mg 'dasday fdets o' HY o' Hd
(1.2). Hm (Ed@&izOntsd odSstdflsOdadzy  H Odzts
' d fil CecehicHP@GOS dOHRYOH! OCkkOod dss
fsd sd¢d kO fesHboatsd Mso® LSO dd. uOCES>
OROd L' jSodsce' ydd oc ts dli' gifd'de® s OH g 5 s @
[ d& MlsjteflsoO® LOSdMiskE HEo &' ddv kO ftdisHd
dbfesBOY' W (B3O jtc' OldtSthj tji f fpj tesO B dz' s Ols

HsfMdz' HyY jdedzg? SO Bfdeso dz' Isj steilsduyds = d3J st
dzO -21[6' ) dzOtetsH dz' 2 @ dkOkCEe ™ 2 CtsdaW j toj dzy’ A M
Ecol ogi cal Condi tion of -18 hezd BElatstf © o GARWLR 10

[ " dzOtesH dzts 3z dz0O zRelmbiliy E&tmindggndzand£mputational Intelligence
( RECI 2 0a2W2l9,0 \('rHid e @z® dzilzf{, Nis 5§ OH @Bz 2 § 2 3 dz@tcis
ZOzZC BotsdBz MY sL ' 2 d3 ASpace Optical PR&hsiH
ZdmMssf OHO 2072 Y dkOlsHAS52 dOkzitse ' 2 Ctsdal J to
Information Processing fPI P' 2 0 22149 09 jJtRjlfMmdaw , 2021 t. ),
Ctsda?¥ j toj dzy ' clntell ectual Systems of De
I ntelligencid® (stPtefdads dezgz0 24 »tdzOfe,sH Azts dzlz  dzO Iz
AComput er Mo d ehtBystgns ECMER Ol 2nlt)edl | (i1g@f tstc’ 3 Y v,
[ " Y deOtetsHdz 2 dzOkZzCtsoad?2 CtsdaW jtoejdzy' X ©2020 |
( MOtc$ 2, 9P j mMdzw 2020 6. ) , [ " dzOtetsH dz' 2 ¢
Theoretical and Ap¢l 9-d1BtsPedzt s2 ROEOMO )
ZOEZCtseo ' 2 CtsdaW jtoj deyr'h'e off @d d icrafl o ramadt | ABpl7i e
stcOodzv 2018 tc. ),

[MeBdmMisd?2 odzi MBKzE aHdz'B kB8 PyPdz! SOIsd B
Qo Is ste 5 d3. tdLrkd sPEdBRBMI O] hPy y' O dz'CfislsO &3
9 HBSBW©GOY jdets o Mk Mdedrs dz2OEZSCtsoadm 2B dZ" €OV
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l 1 sHOLSE 1 ftojHMmMlsOodzj des fEBdz' COY" ',
CazOmd¥W " C oGz s @i tayslzd = L SBOY j dz22, OdzOdz' L
9n HdzadR" HOdzd=R" SO L OMlssMmizeo Odadzgy d&3j stsH" & Od
O4 ©EsO MBs ydzed » L BSBEOY Jdzr . 1 B8CtJ &3O, dBJIssH]
tetsL g dzv dzlzIs® 1 41 6( 1941110-13,0 17319) . ddzOdz' L. ' HaBBH'
9n Hdzds HOdzdr IO totLtcOREzdesS HBSHOISE sa(den |
15 17,18, 112,114,115 20, ). 231 OMmMlstsmikze Odzadgy 3] IstsH
JSBdztse’ ydzedr todL €0 o8¢ HAPR sipdiafsd ' L ©Ogj tic@y j dE2,
115 6)..1 ] zOMmdz] L tesBdzj 2O &Bj IstsH d OO ¢ GO fipdg ™
L 5B tcOy j dedzv ~ 9 kd@iso On dzedL ! Cts5’ AptsL H' dzd BT

10 tiLEzd IsOISOBRd HEMA'dORL deo s ff lseddg's § I olA
fzsdz" COYy' ' Ek dbfassc@n)] YR @dz@zds: BOL " HOC
WOrtsadrmr a6mMB@ikyR 8dfets’ dzH j C Mise Odz ® BOL
ZOzCsodrn ©odHOdzdz" 7, oCdz¢ yjdedrmr dO HOLE G
odJHOd uLvVCtO UWAHOREOLpEWwRCOr SO BOIsj tc' OdzOA
SO d3" Y dzOte s H dzd ~ 3 L HsdpiH jstelgdelf v 9 f B o '( deHGdkAnts e Odz
Scopus.

dlstczCIskzte® ' BMWE HdMjtlsOy'

rdqmj tclsOy " w M¢C dzOH O° Is! Mw L omMskzy Iz, Y
o d¢ tstcd Mmlis O dztfBA dz® 21 dj jtodplxn 4G ds’ sAe@@ZIBASs H O Is A7 fipls RO  dzS
t sBSIsO o d 74iPstgRefOds dsO dEB3fM s & Y & filpflzts 0 dzts ¢ Ric i fy & Olpks
Is @1ls OB dzd

28



tdrrwf 1
dbvofwy frufrwl sfoéerAwsvI 11 C-Yd Ol suL
sfef wyr Rm Y JI110rr11CMm, Il déduoRrRl o B 1 ¢01Y
twrmfrwl fpflfwgr. 1oy flsd 176l dr1C 1.

11.0dzOdz' L BjlssH' o § dzOfdl ' SlsAd Edadeyds’ mpddd 5 1o

1 59 " Isdzg HsMW Gdzj dzdz? © B dzOMIS® Hd MisOdzy "
Bsy &zd o sMis Hdzv HBMdz' H Y 3z Is tf tod dadsta dzq § 9 I6'J d
BOGOI! tsn ' (Mlegse etlal@BOOA, | dz' Isj tcOlskzte’ dzO 9 BH (
e’ L dzsd3Odz’ sdzed~ HMIsOdzy' 2 ded~ d3d sStsH" & C dzOFr
L O9o H Odz 2 to' L dzd m COdzlzL v =, IgK@fid 8 alw 2020)n
f sdetseo dzt 9 Odz" H(NhdJedrjj az&)., 2026 teEmO'H'L o d Y O(Antkeievét dlls Iz ¢
2022;LizundiaLoiola et al., 2020 Stankevicletal., 2022;Stankevictetal., 2023 ), Cdz' «
(Lubskyiet al. 2022; Lubskyet al. 2023;Zhang et al., 2019) B kzH ' gHimhg dd alts
2019) Ediseo d X d(Edody etdas, BO4NRzd M d Mils j B3O - (BdegatidgluL H
etal.,2019) i Isj stesdztse ' v, ¢ j Odzats,¢ tefO¥M WG Gy tescitpc
(Popov et al., 2024 Popov et al., 202B; Titarenkoetal., 2020 Is ts " (l#uang et al., 2016,
Jian, 2011, Geetal.,2011) [ jIstsHd S d&ZzOMdW "' CkZzo Odzdz" o  H' @
HOdzdr HdMISOdzy' 2 detse s L tsdzHzo Odzdzy | j dzdz' (r
HisMW 6 dz dedzgv d3 ' dzj Scoly & Rdabitatd, 24 B)L g dels[C &y ! s BBz
OCIskzOdz' dzsMils ZOBEO O LBO®ISHSC Q Odgj Bt j ydls
CzOmMdW¥ * C o Odzdzy tsB fANMids etanl., 2009, Lar@igzdt d.g2019) )

ltesyjHiztez CdzOMdW '™ Ckzo Odzdz" o ) o L dzC
COjetste' 2 “tokzdzstsotsegts fsCtcdy s OBt iMj dzdzj Czt
OjelsO Ctsmd3’ ydedrs L BBWOY J dz' . £ji2 Hwtsyifm
Oz stedIsdz’" & BB IssH" &8 HdzW HW jtojdzy' Oy' ’
ftedmMizlsdz » dz20 L sB Oy J dzdz dz0 tsMmdzts 9t dzls’ j~Cd Is-
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~n OtcOC Is [Lilefdnts ef @l., 2014) 1 tcd o d ¢ sStedf@ls Qdedg'dz’ @ pad 8
sLd2O0¢d BBO " CIs" 9 odL dOyoOsils: Mw COZOZOBI o .
slsted Bz Is+ Mw L COdZOdz" 9 onr HdzdrR L tsSBOY J dz

[ JssHd € dz0®dpdz" f sH' dzw 8 |5 dZz0 ytilsdtd
Supervisej |, dzd ¢ 5 dzls UrisupenisellQ dz' dzO(f *© o ¢ s ddsvistpazvidei O dz
dzOo YyOdzdz?¥ L {fReinfriemehtczgadzfBegry €t al., 2019)

[ dstsHd dzj Ssdzlstetsdz! ts9 OdzgvGasOE EezOfrpd W e Bz ¢f B
sBO ' CIs'" 9 &O ctwkzfd (¢ zOMJ) fsH'  Bdedr t5BO
9 d ' Hdzd Trereidz@tiigl., 8017Ruppert, 20008 o jtcj H dgJ IstsH " 9 dz
CzOmMdW¥ " C ko Odzdzy dzO2 yoOMmils' hj L OMssmMsa zs Is+
ht dzt desfyls® L 2O BO' CIs' 9.

H#JtdJH YJjdzstets’ Hdzdm d3J SBH ' oMedgis(Redabet a. RGO tc
Sathiaraj et al., 2019.iu etal., 2019 Tamiminia et al., 201)7 K-Medians(Huang, 1998)s -
Medoids (Kaufman & Rousseeuw, 2008 © | S O Dtérdtive SelOrganizing Data
Analysis TechniqueqgBall & Hall, 1965). [ mMdzso dzd d@3 o = " Hdzd d3 ff Otc O d3,
fiteiH §tyols sdhdicstyjo@®dedfy , ¢ ZO0 ¢ ' dz' €' fMils!
Zlso tstcj dzdz' L OH Odzts” C" dz CsMls CdzOmlsjte' & €
Yyd dzste wCtsegts 3O dzO2d3j dzh 2z o ' H Mmis Odz HtS HO
Kjdzste CdzOMIsjtcO, o BOKR] thishls' By H SNcEP)dzty
BJH Oddedi(Kns) yd-Me&sglesdepbdz (® SCtyd 2 ' Is
9 Hftseo Hdzts fted dzOdzj 3 dz' Mls! o~ Hdzd~- BBO' CIs®
LdZO2 HJ dzs S Ilsd d3Odz dzd 2 9 OHel)IOQpls’. o dzv  tdesisa - telOk
odCsted Mis Odz tc' L dz d3d Is e d Y(Mahalanzdf LG deCGHdz" HIE
[ " d¢ CSsoaMmMEBBEet, [ OdzmJlsj dz, YYadag&Depsh®ukh, 2045 € € C

[ JsHOBR, hMts BOLEH®IsH Mw dzO "' dADetrstyplssed (s
spatial clustering of applications with noig®licheletti et al., 201y OPTICSOrdering points
to identify the clustering structur@\nkerst et al., 19995 © A R QUAcBuEate Recognition

of Clusters Across Densities(Pteel & Tech, 2015) [ fdztso ded d&3d o = H dzd
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HOdzd~ dJIstsH® &8 BOC M BOdz! dzO 9o HMIsOdz ,
(sOSCddid, hts dmsykzls! BERIsd o' Hdz] M§ dzdz' €t MisH dz
ftcd wWC'2 ctkzf©® BBO' CIs'' 9 BEZHJ] 990y 0Olsdmw ¢
htsB LetwkzflzoOId orn' ' HdZ tBO' CIsd IOSdd3 yddz
teSL ISsOM 59 Odz" HBMISOIsdz 5 M " dzt dzgs (9 " isls ©d Isd
LOHOM®RO o9~ ' Hdzdd3 § OtcOd3j sStesd3) . s OCBBY Cckzf C
odfoOHCk, wehig ¢ dzv €' Mlsy h ' dz? dgs tetsL IsOh 59 O
hts LOHOd] (OO stetsd3. [BO' CIsd, WwWC' ~"dzjH datf(
f OtcOd3] Istets ) mMzMm' Hdz = sBO CIs' o, dz4 BkHE
990 Odhilzls! Mw odSdHOMR]. ¢ dz2OdzsG ' yYydes HES
sy J BREklsd ttsL tcOn 59 Odz@Mahal@nohss, 1938 Ydgthv &ifjeshmuklg, ¢

2015)
[ sz et dz 5o OdzgsEts € dzOMd¥% " C ko Odgdgw f 50
C zOME, vyd’ L&OSd ‘' dO2B'dh fsH' Bdd B

(Lillesand et al.,, 2014) 1 0 9 ' Hd dzz 9o " H dzj Stsdzlstesdz! ¢
odn '  Hdzdr CABOH Hj cPHOfSYyjHEZIESE C ZOMdW * Sk
[L&EOCd CdzOMm' & Wy ks Bklsd ftJHMIsOs dzj dz'
3" Misdls! odB' 6k Cydtsets L ¢ d&zOM' 9.

1 OOz, ftesyj]HEZKO Cdzstetsdz So Odzse s € dz
dz® y O dzdz" CdzOmdW " C Olststc O L O Hotf S @ 58 dzC
CdzOMdW " COBstce® HB CBydasEts L 9 n' Hdad R 5B
ftod dzOdzj 3 dzesils* . g4 j 6 H 3 ssH " ® Ccdzlstesdzd 15
ZOMmlskz 4 dz' : B’ dz' @SOwvdstadas 2006 © B3BE QB3O dz! dets”  f
(Jensen, 2016) o ' HMis Odz' (RicDEHI® &zBajz22086) MO steded =~ 9 j € Is
vector machine SVM) (Hearst et al., 1998) { O tc O dzj(Capgiltor] & Gréan, 2008)
odi OHC o sets dz fifBd d IRa n& obnr, & gulssizsydz 0 1dd]) IMads dz
& Flores, 2007)s s ts .
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100" 9 CBdzlstetsdz! tso Odz' B3y IssHd ° Hdzlz® Is+
dzj Csdzlstocsdz s Odgsets § ZOMdW * Czo Odadgy o d 3O
(Yasodha & Kannan, 2011) [ jIstsHd dz09o yOdzdz?" L ' HGte" f d&z
mMdMmilsj &3, w¢' dBsykzlss dzOo yoOlsdmw "L oL O dBSH'
ftcOo ddzO L Ofsn 5y (Ferean etal., 2080% O tc O dzdzV

{Isxd, BGMdzse dzO o' Hd3 dzdz' MiIs! d3s o O dedsaiab tods iz
fsdz" e O o btsdkkz, it o fjthtsddz adfOHSCE L &
Bz Csdzstesdz' 50 Odzgd m  Bj ssHOR € &ZOMdY ' S ko Odadew
fsH' Bdesfls' 5L dz2OS -  Hdedr BBO' CIs' 9.

1 dzrh st s B3O yded - zOBDgOYS k9 Pz Isic | B |
sO0Cdd3 yddesdz, L dz0O¢d S dzOfMm"' 9, hts odL dzOyj dz
ftesyjHEZtess C dzOMdW ' C ko Odedz, BlsyJ HAY Y i
CazOfmdW " CroOdzdzy. | HOdzdr BJ W@ ORGSRz
ode "  tt&d.

12. 0Oz’ L o &zOMlsdotsMlsj2 O §' HEGH' & HE

1 O yOdz' dzlz ode' .l kz dz3ts  dzO odL dzOydisd
Hsfdz" HY ko Odzedr tBO  CIs' 8, W QO dgBubbftm,R0O1B)! fijvis
! sdiiz, dz09 yOdz! dz0@ o9dB '  6C O O’ i Jodz o dz
o' odesdz’ todz' Mis! ;| yydMsCis@®kBf O sdds dhis: , ME &zOH dz'

]l o dzHIOALOC IsjtedL z° LOBJ LY J yd dz' Mmis! odB "t
JujodHdes, WwWChis dzgOo yOdzr dzO odB ' t6C O { tso dz' Ml
HsMistse ' tedz" Mis CazOmdW " Szo O@EY Iz B 2@ 9 Y O df'dz'c
o' HiMEld twjftejL jdzlsd BBOTGEK aHtshistko" ®©dz' YO
L ded ¥ § dz0O.

t ° o dzts d3 otgfde dAPIsy O , dzOME " dzr € d o o desd3y’ tedzts
¢ dzOMOd3.
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YydMissdsod yoOdz! dzs” o dB ' tc€ dO otd ) flaOO] dgls ‘av, w.
Hs ktsets ¢ dzOfmkz, wCed2 o H' 2Mmdesfls’® (RPopon §ttalg
2016) 1 j 202 OSC' teojf tejudindslsidzEdzBL o Olsd &l I8 i *
wed2 daf o  HfBe9' HO Atse s MY tc-OwQuds RH dfj diffig
f ¢ OLydfdrlls tioldsd. e O R s 2° s+ Mmw yd'i§isafpnl e dzts ] gzbizdzs H t
sB MW Gk dzO0o Yy Odz! dzts’ o d pY'd T dcdgte v (a0 dzist t§ Sq®atfdz
L OB tolzH dzfi z®OB sz Hedpjfds ja J dzlsd o  dzd € O¢F Is ! IStsH '
Wsedkz s v o sCtd § CMijd o, o WCdR &ty
L OBtolzH defgtsly jnlse zZlsd o dS dzd S OO Isddz, NPt Mmjtej
&'Odz ¢  CMjdz, efMmMjtjHddy Ctydesets L wCddn
"HYftse " Hdes HY]d gk cieEirdeRff tclz H dzfpties QB - so 2° |
9 ' Hdats L jOdede'z HiadgjtidEdjrL j dzls' @ HBs L O Odz detsé s tsB fy

1l toslsd tor Q@S 5 | Qv dz' Mmls SHd&ZOSCoadn toj ft
SH&RZOCtse ' L ff' L dkOs Odz! dz L d20SCd), wWC' ftoc
CdzOMm' 8. [ty dO LtetsBdlsd 4 Gigdzeigtyd,” it SOE| ~d
L OB tolz H dzj dzd d3(

stsdi3f OC @O ig&Yls iz Mty ' Mmis! sL OS¢ tj ff oy |
fsCOLddS HJBSdmlstelz® , dz2OME" dz2 ¢ d ¢ dzOMd dzO»
SH s G 5.

1 sC OURFEOH dzs BB dIs' MY HdzW bets, OBd ty' d
Hdzvw BtesB S d d&OoahOfz) sz aygreectCdisco © 2 HJ
sBydmdzs 8 Odzr dz' tej Miztemd.

I sL a3 tedaz@dsy O dz! dzts” odB "' teC d nOtcOCIsj tod
ftej HMIsOoa dzw e Is! MW G jdeJ Odz! dets® MESC kY dze Miss .
M o OH OIs(d L tesL d3' ©ok] fddzy , o WOH dassigdzts o L tsSBY
CdzOmdW " € ko Odadz" . [ Odzd 2 f s5C OL digCdzOm fig sfiidstdgj O
dz0 9o Y Odz! dztd "y dalyf et @' te dz'isff lsi3 i@ HQ@izB gts B ¢ ( .

—_
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rdzv Hiweédm L HJiteddz" ydidedres o dzOMisd o iy gz@ ¢
Ctedlsjte” ", wg' (SuBboth @810 Pdpgviethl, 2016} -

v OCdad3 yd dzts dz, sSBSBCO Jjdzj d3gj dzls® @ dzO@o YO
tc OdizC OR odh jLOL dzOyd dzd - o zOMIsdotsmisj 2. 1 O
HsLotsdzw 6 Ist i mMiss®zd ldaff L d Istftc € 15 dizDC tp iy ®p tzlz H dzj «
(Kang et al., 2018)

L (Foody, 2015)0dzOdz' L ‘' IsL B8 tcHadplstcC d O { tot
Codzlstetsdzy s Odetse 5 € dzO frp d s’ O KL osGpidglzvy defS 3 fitsdztdco®
(Bruzzone & Pegello, 2009)f tc j H Nils O 9 dzj dzts OUAS cgldzf @ M lsigfetls sH €
SVM, wed?2 H]dBsdhistelz' mMls' 2¢ " Mlis: Hdzv € dzOf
LHOIsdzts s LY tf gdsfdirpddiseizal20t7)ctsL tetsB d dzd Odze tste( |
Mded3d dzs Oy’ MY v&@?' B Pzl " C Oy OB s Aaizpydu B ) o
L totsHEXdEl et al,, 2015 tcj HMMIsOoaddzd L OcOdzr dzz Mmistelz €
Gdzd B d dzdztse 5 dzO o Yy Odzdzy 1y fisleedBd Medi dztg tdzls§ ‘o dz* € ‘ofijl
L OB toc Iz HigjfdE]j~L J dzls ' o .

1 jtojjdiz' y o3 ssHd H ' 2uies B8O @dz'zdztdls™ o d B "
LOBtolzisglzf Wz L jdzsd. ¢dzy B' dz' b MlsH L ydna d3d
odB  t.cCd ' H CElbtd f " Hodh jdedgW totsL H' dzd digtsls
dzJ W stcdzlz fisuc@rdR/Isdztic’z  odefs * 6 Cd ' H @ CwdeC toy
1 OL dz2OyJ dz2@ OMmf Jj CIsd dzj cOIsdodets o dzd @ O Is!  dzC
L OMistsMikzeo Odgdz" &3 H Odetsc s dzOB sStclz dzOo YyOdz! dets’™ o

[Cte] d3s igsy dzO ttsL e dzv dzzlsd f ° H - S, d3' oz
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W' do IsteOy'' 8 hEdsk. [ O h JtetsC d2 omtfdpdiClsdis L d@Grg!
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NAPC, ftH Bdzs Hts PCA, ftedL dzOyj dzd?2 H dzw
My tcw dsseo Odzd 2 dzO0 o ddzz yd dzdev MJcec dzOdzz L d3° dz' d

1 totsls ipdftg o tds tc © dz! dzO Hy SBftsLdy’ w W6z
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sdpls j cdzO o9 dB € O, IsOCtsYy o' HGSEYJW W3 Isds@f
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ode & d.
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tc ' L dzwprpalized difference indicgélran et al., 2022Javed éal., 2021; Szigarski et al.,
2018; Bannari et al., 1995. [ sy dzde © ¢ ' dz' ¢ Mmis! sOCdr ' ¢
odL d&zOyo' Is+ mw LO HftwOQoddzOdd Ctsd3B ' dzOIststed € «
H' Of OLtsdz’" 9 HOdsegts LisBtcOY jdeda . "Mzt § MO 9 dzbp
Jd BY ° tod ydzts. 1 Z20ydz0@ EZ9 OO0 fHtod BSOStz o (¢
Ols 3 MW J tcd Bend@ari ettallz th85FzHuéte, 1988

vy 9" HB zO Mm! G tsHAZ "dzH j € E dsse da
9JGJIOY" 2d Hd&ZWdzHA QNS Isj ted MIsd € d tets ndzd dzdzts
" dzlz 9 Odzdzv . ) shdtso des gz yw Gtz O " dzH J € M

T hsEsW . o ' LddR H' Of OL sdOR | dzj Cltetsc
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esL ez HOISd MY 2 " dz" ' ' pidij wzlsded Ao sy dad @A/ | [ M@
OSAVI, MSAVI, TSAVI (Huang et al., 2020; Taddeo et al., 2019; Amani et al., 2018;&Xue
Su201%;2)" etk dzlstse THztzH]d OIHPSC Isj tcd Misd S d ~tekzdzls' o,
setsdzj dzr, O LOSCtY HAdYBdJzEzogkdgzded -~ 5B GZOF 8 §
OBts StOdeS d to' dzdzw . 1 02 yOfmils " NOBIs, NDSIvr @lfjB/enet'all d;
202D); 3) o s H dz' T ezdzy CHFPtcOCIsjtedmisdcd otHddr
fsCtcdolz IsSNDWAVNDME LSWI (Calvaio et al., 2018, 4)" dzH j S -L O
NDBI, Ul, NBl, BRBA, NBAI, MBI, BAEI, NDBal, EBBI (Kaur & Pandey 2022; Javed et
al., 202).

ltod Witodzlzo Odzdz zOB stclz * deW sSted3OYy " 2 dzd n
By zls! 5B YdMdz® onC@lafhivs j B § flsdiEvd sCtej B3dn  f
Flso stes ¥ Is! ftoedsHdzd? §Ctcdo HOdzs' Tdeldegetalp =
2019.

t OH Otcdz “dzH j CS.Mdzl Bdzds B et® i diAdz" Is ¢ ‘ W tstc 30
W stcd3' M " 99" Hdash j dz s dzlstg izffig[" o sdas@ndedzy L (o Az
VH/ VV, HV/ HH [Istsh 5) , w g HiSL 9 sdzv & Is! 9" Hf

tsB 0 ' Fldweza& Lizgrazg 2020; Floresetal., 2009.  dzOydzz € " dzr €' Mls
Bzdzs totsL totsB dzj dats H dzv dzOH Otdledz" dzls | 16 ffizts fnHzts 0 @ tlzdh
tc ts ) dzd dzBBargs al, 2022; Szigarski et al.,2018; Stankevich et al., 2017 1 ©O2 B

o' HsdBdd3 MjtejH dadrm *  tcOHRVIe Bafi@ Vemgtation Bd@dRVER dz(
Blzo odL dzOyd dzd 2 h dzw R s d3 d3ts Hdjodlz o © fizdz"dz0 & ts fig bz
stc' ‘ delsso Odedr Hftsdz o, ° 9" dz, LO fteddeydits

o' H tfdddddr B0’ Cl' 9.
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2.1.4. stdsjChmisd HO

liBstel sdsd’ Yydz' H®dz L QHIOSEO BH dZ dzOSfdiW)’ . S |
CjBlBsteW sz’ ydedr HOdzedr o WwECMmis' Histf sd3"
MjtejHsoadh O, ‘' dzO Btewadz1998H¢rsdsilhEtjaldz20ap (

sz zlsdzdCso H Odz dzOH O¢8 Is! s sctcOW ° ydzlz
tejdz "Wk (Aft)OQ thfiipdztsas'] dag O 1 ‘dfg dzts 20w’ B3 dzdh X M I
dZOf ted ¢ dzOH , ASTER DEM, Y&RilaM 20d®darilsaR 6tTal, 205M
Musaetal.,2015. 1 028B" " dz h fwshdtojdetse * o' dz' dats Ht
Topographic Missionl SRT M) , LOf M jded?2 E dzglstsdzsz 200C
fsojtend . SRTM, GhdudpdEl tl Pl sksOEHd t
HsMiszf dzad?2 L ftoshMisstotso s tesL H' dzX degs¥ L HOIsc
o j tols d ¢ O&vitsBet 4., Q). (

| ERsteY sdj sted ydzd?2 OdzOdz’ L twOmstesadn AJ
fsdtsy jdzdz? B, 1 jteh | “tekdadsk' 5! v O KOk BOIS
fiJtelJHBOYO' tLtOREzdS t8C0LddO0 £ Itsyy'

[tV sdjlstedydzs® RN O©LOCIjtedmisds &€ iz L @ odrf
T OOC s ted Misk] €l dsdasj dz (W ZOdzj kOtedes’ ) § o te
st ScteOW * YdaP) HREEEIEBOYdZO Hote d i3 tedzO W Iz daf
o zOMisdo sMils' Ist{ 5.6 tc @b dapdzts’ C ' fots &£ jOts & zO Mg W
L d3' dzdzd = d2O sMdzso "R dz' R 9 dzlz Is to Fldrinkky201F d30 d
Ctsdzls j S Mls® LOHOY HdMIsOdzy' 2 detsets L tsdzH Iz 9 O dzdzw
5OC' T~ OwLOCljtedMmisdSd tsteH ddzv sdissC OdEd dds to d Istg g
(Franklin, 2020.

[ 8CO0d dgd B EsteWtsdjlstedqydddd FOwOSls] tod
s dmMkze ls! dsCOdz dge ¢ jsd3j sted ydzz  tso j ton dzs
OOz’ L' &GOdse s (56 s dEmnkina28 Floritsk/ p01] . f & asj &
Bstel sdj lsted yudzd d&s S OwOSClsjtedmisdC Od o' H dzf ff iz
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kO B 'd hj 20 fOLO®ilte o, hts Sharys B995Eranklm, 1
2020.

[Mdzso dzd B ¢ jsiRsey sdjlsted ydzd 8 § OOk Is t
ftsn  Hdzdr fjtehtsets fstewHCE * ftsaidd O jCMmY

stozlsd L dzDS WIS daBs ddzz o Issyy' G iteilsddez &
f dztsh ddzs® HBlsdydzes'® HEts L j dgdatbl dzdf sfpd bédz . w ¢
sBYdMmdzj dzd?2 E CtOHEZMOS, ©OH' OkOZ, o' HftsIsC
odd3' o B lss MW o CtOHEMO- 1O Cdzdo O Is! Mw 9
90 A (9 jtelsdS Odz dzO ff dztsh o dzO) .

(S sL dy' W Hfldcotg@andddzd C s 56 Miste' dz€ s &' >
fteOQodds, dO §'edd y) O ftesjSy' ‘¥ Ekanddz d

w Y¢hts fitthO fsn' HdzO SfidmMkzo OO cEtOH'
ks HtezEcO W' Sk & ttk L & d yYywkbist ¢tsOH H ds
ZOftew BCE. 10 Ytsn Hdzdr HkzeBets fBEWHCE 7 f
hts sfdhize ls: Wstedse e jtends . 1 ©O28 " dz b
odStstedmMstsokzss! M ctedLsdzsOd dz0 ( f zOdzetso C
L Oc Odz' dzO) ShangePOR] L dzO (

1%L dydz . ufnOtc AdgCls@addzd €, WwC' R O©LOCIs|
Bsy zls! BERISd o9adL 2Oy &2 HIMIsOdzy' 2 dzts, dBisy dzC
[ stoW sfls tc 2t tlsz@idalzd € d w g dzOH O5 Is Zwo dzj dadz
MistezC lsktelz totsfdzd dedets ¢ 0 Ists B B lsf@ .5 od® dgck Hadet’ H:
al., 2023;Lucas& Carter, 200§ , fH tets‘ Clsdo dzj 1 tsCHanfdsdseral., Q@] 2 t
“dzH j C ) dzd fls C Zhents & Mafkalp2p08 1 BzO  6LI esak @@ ( Y L d
fsCOLddSd o' HESB WOEFjlsd, ¥ ‘"t ydz® HBEZo O Is! f
"dzgHd o  HEZOdz desets totsLoadlsCkz OBt ZOMmMdz' HE s
fsCOLddSOBd * vdMmlsO O o CSiteretl., POP@retd-BisizDd, 1
2009 , j o Of s t3adefiv2 atc TAR ¥ &10. 9 ts2Bavesse alizal.f) 008 (

1" s s Clpadfd@ulz s s dzO o 3 MiIs f jededr toj ytse d
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COttslsddzs” H' © IsO O dzls sBlackbun, 2006; Gotdtsandztj aly, 200% BimsC
& Gamon 2003.

[Stjds L B BW' ' Ldyddr (SO dftzse ' s GEBS
~n Ot OCIsjtedL 28 Is! o dfigsE ts daslas|iR dzd adpdicO W s B dz] ¢ 19" toj.
Yyomsedrms t©WWH' 9 HOddr ©jGjlsOy’ 2desets ' dgH j € f
JIsOotf d, w€dgaz dzOL te@Mmdzd dzdz’ Mis+ § teslsW ¢ 5 dRedd Bt d
al.,2009 . v 0O¢" Ctde' dsykls! BEld ftts0dzOd L ¢
L5 dedzdn OBfs 3jlstedC, Mmoo dts Ctdf ]l dsdt
' ¢ MJLsWkd] BOSHjltsdkk ([S).

2.1.5. uvjSCHskicd HOd

vj Mzt fsoadWLOdO L yOofmlstslstss L d3' dzd
h stefmisC sMmis B3OIs § to° OFrnklin & \Yulgdpt2a08 . {f t§ O b afla OR
Isd SMiskzted Hdzv f° ¢ My e s dsseysn dBOlsy @O Is d Wdzts
Is 5 dzO dz! dz' L dz2Oyd dzdzv oM ted HJ dg o' ¢ d&zO, Y J dals
' Hfso '  Hdese s oL 3 tolz o' CdzO BRO' odt' h Odz' d
Isd SMiskted wsL ' LdWiIsd tedzy pafls! ™ todz'dals s 4 'tc s ftf IstE
LHOIsdtsfls' L sBtcOy Jjdzdzvy SO MistezCIlskztecdzdn o' H @
i ¢ tc Chelzet &l., 2004

10 HOdzd?2 dBsd3d dzls " mMdzz® HJ G dzr €O dgj IstsH "
s jtlkz’ o dzOMmdzdlsiz telzldB s tedsLdsdkdeCy. €l )DiGrfaeyr enc e \
BB IssH 9o jCIstelkz to L dzd y' tc" odz’ 9 wMCtcOo tsMmis'
h ' dz! detsyls ?distse " tedatsmls L dz0y 4 dz OB Msdzs Is dzd
LtsBteOY j dadz? ( f ° € fifijwdz’ t9H) d dz wel'* H L tsieCBrscvisiEria@t alf, j
1979. 2) GrayLevel Cooccurrence Matrix (GLCM), OB
Jdzj a3 dzgs Oz wECts® 9 ' Hdesmdz® yYOMmlstslsd dzOw o
9" HMsOdz' HMXRZO 9 ' H Ewds (s izsddO] oW dgE s g
(Haralick et al, 1973 . 3) Sum and Difference Histog
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2O tBuydMmdzj dedz' ztsC Ozt dzgdrm o dZOfMlsdotsmisj 2 ¢ -
Jdzj d3j dzls' o Ursex £986 j dzdzv  (

[fdi O O0dOd L sj CMskzte d8F J d3dL H tcDfipdz
L sBtoOY j dzdzv 3 ( s Isd ydzed &i3d, tcOH Otedzd d3d, " deH
BB ssH" 9. ltod yY' sz tslktced 30dz’ Isj S Miskztcdz L
ydre LtBtOYj d& .

1 02 8OMJ oydoOdedds ° GLCM BilstsH. 1" dz HE
yqd Bilbtcdécd fjtehtsets SO Hickzetsets fSteWHE ' o,

2.1.6. ZOBdzsdzd dzOBBEKE ¢jsfteshiststsse dn
CdzOMmdw " € zo Odedz™

l " Hftse Hdzgd?2 dzOB ' tc ¢ jtsftetsMiststctso d n O s dOualft
L OHOY' BsyJd BEkISd ftojHMIsOoadzj dzgd?2 E odcdzwH
BZO*s Is! Blzlsd o ¢ dzt yj dz His C dzOMmdW ' € zo Odzda”
sBydmdzs 6 Is+ Mw O thdese YidH~d deCiglzdundzd 29 COMmLEZ
sOC sy di®BtEzdejCtsd3j dzHtso Odzj HY Jtoj dzt ydr HO

] hOBdzsdz cGjtsftetsMmiststotss’ HOdZ kditse dats dst
o jadyddd, ‘dHjSd, cjoRsWsdse yd f OtC
BjstedSCd IsO IsjCMmiskztcde d&jlsted S d.

Jtezf O M jCltcOdzCdgfrytse stz ydds dzZ0 i st dzs
tslstcd dz0 dz' 2O thdtse BOIsjte' Odz' &9 0O tots§ tsiPd3'
' fjtemf j ClstcOdz’ dz2' L 5B toc OdsjOdzdpits, o] GsGS Bdp' 61O
lted LOdzEyj dzdz HOdzd® dBSFE HIigdzke dz' fig® dz2 dztzO B O
His  tetsflis ste s 9 S(Stantewahasdl. 0G4, Gtnkesichetal. 202(; Stankevich
etal. 2023, MEzSCEzf dsMmils’® M jCIstcOdz dzgdr H' Of OL tsdz' ¢

{ Mdzso dzd B3 ¢ OOy SEOWBPdzcdedrd do j dzd yd dz H dz¥
CsjW' y' ‘dasd o HBdlkw E osdHd®BsdEz H' Of OL & d
- REP), ‘'d¥tOyjtotsdsdtz (NIR, SW R 1, SV
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Jdzj StcsdzEOcdz sdesets M j SstcO,i C wBgW e O Hidst dzd
esL M 8 HORPOLISdZOR, x, ¢ OBt | .

l Oy dzdodd3s L OoHOdzdz" d3 fted ¢ dzOMdW * § zo Odzdz
BZOSC Md BOdzt dz2O HdW jtjdzey Oy v EZM°" = Y o L jd
E HGMmdz HY J dzde3O8 I9itc dL Oypizlasydéids d v H Odz' IsO ff Ot
sOCEZ HJjlOd L Oy' ¥, otcOntolzs yd oefMmj to' L datso
fsCtcdo z. stsd3dz " OB dzsdz RO o Cdztg yoOlsd My j CIs
LOBJjLY jykzerls! &OSCMddE®EOdz|] -~tctse " € O o O dzdzw

1 0 tshdetse © RO t& Sipd; oy dilg) ' teta 2 sd3C d IsOC sy |
lted yYy' sz " dzH j S By k! twtsLtcOrBolzeo Olsd mw
te' L ded Y OBts fftesMmisdr o Hdzsh j dz' | sOC OH D'
94 GCJIsOy"  2dz, oBBHd , ~tekzdzstse® OBt " dzH j € Mg

Jtekzfd cjtditsteW sdztse' ydz OO lsted, B W'
srtsfdssls! Codsj CMlskzOdz dz L d&OSCd y' dz sedn
By, foanddz & My shipsd dzEBR] OMi § GisteW sdztsc '
sB ydmdzs 8 Is+ fmw w ¢ fs-" HZ Al 1. [ s ts ) dzts
CdzOMmdW " Czo Odzadz o' Hdzsfmw s "dgH j € dzd MiIs € t5¢
o tsdztsc ' Mmls! Ttekzdzls iz, Isj BB j cOskztcltcd 9 didzts 5B Y ¢
smhdzts o ° Yyofmsetsets tWHEZ ©jG6jlsOy’ 2detsets  * dzH j
9jGcjlsOy’ ', btedeOdz Mls: SO OB dz' skHEZ ©jcJls

b B' d hsMmils® Hismdz" HY J dg mMf j ClstcOdz’ dz o |
ftosMmisdr o' BBOII S OuMEOdzic] a dad Y5O0 (Odds ¢ B 9
fsn' HdZ Al 1, ‘ dz' o j temOdz' dzgd 3 dzOB tsStets 3
Isj 3OIsdydzedr L OHOY S dZzZOMdW ' Czo Odzdz?" BO  CIs' o
Yy' HOdE Ekbeotstwssls: BOLdM EM' = h OBdsd o

tdhIlsO f OtcOiRI kS s LOfMlssmMtso z8 s+ fiw 9
WEdC y' sdzOdzr dedr Isdf " & tBO' Sl 9. uvOSC, dzOf

fiod Cd&zOMdY ' CkoOddz WhkdeCy' sdzOdz dzdi Isdy ' o
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ftcd CzOMmdW * € zo Odzdz Is dffts Cotc d of KO dzdHod® LY jtsogder
oy dytdziedLfjydssils® .

r4we' Hisfdz" Y Jdedgw ffts5COL Odzd, hts Isj €Mmis
CdeW st dzOYy " ftcd L OMlssMmizoe Odzdz tcOH Otcdzd » Lt
s SMsktedzze " dgh Sted3EOyY" ¥, O kP sdz HY PtcP iz
fsodbwLOd L fHtoshiststesotse Cwstejdzvy' ‘¢ L dzOyy
sO¢" wW¢ Isjtedlstste’ ° LOBEHtSOd, L JjdBEYv IsO s
Is ts5 y dzts . 1 02 yomls' hj odStstedmistsd B Iy tcBOB |
odH" ' dzj dzgdgw tsMsBdZJosMIsji 2 IsjSCMmMskted, o ¢ dz¢ yO*H
Cetej dzw y*' ¥ .

SR dzj S Mzo Odzgdzy Sflsdydzede °° t©OHOtcdzd ~ de' 2B
sdese ', E B' d "tsMis® HESMdz HY jUazO g ¢ Wizt Clbyde® dz
& Lizarazq 2019; Kozlovaetal.,20)}8. [ Hd&zOS, dzj sBr Hdzs 90Ot
ftcd LOdkzEyj dd2' t©WOHOWKdZdr LtsBttOy Jjd HAEY ¢ d&zO
MCzOHdzd?2 tjdzr "W GetsodwWLBats HEOLIGW | §tl6@n 1B
(Stankevich et al., 2017; Kozlova et al., 2D21

1 jtojH LOMIssmMize Odzdz? d3 " OB dzsdzlz dzj 5B~ * H dats
~nOtcOCIsjtc BBO' CIs' 9 CdZOMdW ' C ko Odzdzw dzO dz' 2.
sBdteO’ Is! MW tcf O dfBdz.tc hOpdzsdzz IsOC Y 9 Oy dz
CazOMmdW * € o Odzdzw .

10 Ed@sead, SCodzd OdzOdz' L Isjtedlsste’ ~ ' dzlsj ted
LO kdz o jtemOdz' dgdds h OB dzsdetsd3z OB ts ff ts9 dagd d3 dzC
CdzOmMdW * ¢ 29 O t@dgvazdisypvd ‘9. Is) oH 5(H OIS O ¢

l1tcd S dzOHd h OB dzsdz' © dzOB Btk G tsftesMissteso d
LOMlstsmMtso o Olsdmw § ted © ez@sfigfsiis'déditno Qrdgdz' H + dz' ISP
"dzHEMiste’ Odz dzed- Isjtedlststc’ 2-¢ 4 mBs@ls G das. Lz
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2.2. [iktsHd Sd&OMlsjtdL Oy ' d&Os yOd dats’

1 0B' tc dzOo yoOdz des° odB' eS¢ d MSC dZzOHO' Is! Mmw
Isj d&3OIs d Yy dats & L OHOYJ ¥ . tdtftejLrjdesd odB' tc€d
' Hftso " Hdzdr Mdcec dzOlskztc, WwWEC' ' adasdz®yfdzs Oo c§1
HOdzedr, WwWCd2 Wtttz ftesMmls' to tsL dZ2OS HdAzv ¢ dz
odB  6¢d LBBKOYJ O d2O tedm. 2. 3.

BuBipKa HagyansHa euGipka BuGipka
1 knacy (N knacis) N knacy

A A

CurHatypa 1 CurHatypa $1 CurHatypa 1 CurHatypa SN
Knacy 1 Knacy 1 Knacy N Knacy N

tdf. 2.3. | OcDd el s bHgHs Iz oQ@f B * t5 ¢

10 LOHOd 2 Majd' (tdfm 2. 30 CifCHND de® fifj »
USH' , dzOB N B dz09 YO dzy gets d3dz5Y, Y o4IB € df d2t5¥y d dz® d iBc" tstc ¢
C O, MftcOo jHdzdo dds ' dzOMis 2z dzj

Y'Y YYB AYTY.

I Moty yj ighs, CaEPHEMcR® §toj HMisOs dlsd ks o
Cazomk :

YY oo (2.1)
HP-YyJlso0 Mmdcid@Gs E@@mEdz ¢ Mis! MdedzOlskzts, s ¢
-6t § zOMmkz.
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lted2 508 yd, hHts €' dz €' Mlsy Mdce dzOls zaes S dsO
MisOdzsy dlis's L OcOdz' dzz €' dz' €' MiIs! Mde dzOlskzte o fr
WS te Bz dzts s
Y B V.
16 Hdzts L-s@dMmdci@eBBEtd®ME §tcj HMiGo dz] €8y ik
hOte' ®© 90 ' HdgsEéts CEBO ¢ jtsftesmisstesads HOd]-R
o) o aBma h (2.2)
HJOoO-L dzOy j-dedzfyd ¢ dz@ bz € BNz h Ot CkB O ¢ j sthicts
C'dz €' fMls? hOt' 9 CkBO ¢ jfftosMmisstetsoadn H Odzd
sO0Cdds yddetsds, L Of dmMOedtw SCdsQfigiz Lind cHizdds i
Wstedgz dzO (2. 1) dBOIsddzy dOMlskzy dd?2 odce dzw H:
YY oama BhoamBma . (2.3)
[ Odz' , " HfMisOo doHtx] WiitdedgbizddiAz ((22..13)), dz®B *
Bsy 20 L Of dMOIsd dzOMmiskzy dzed d3 yd dzts d3:
YY oafBha Bhoa Ba MhoaBma MBhoa MM a
[Is)j, L Wtttddzdzd odhj o dHddzats, dfudlsy ezt fc
" HdBBdesy ddzOdsd *° o©dB ' t6¢d SCtsydetsets L §CdzOfm"' 9.
Coydese s L Cdz0MmM' &9 ° MdedzOskztcd ydr ¢ &zOM' .
[HdZ ' L fJtesBdzj @3 dzOB Btz d&Oo yOdz dzs”™ o (d
dz2j *° SCoifOCIsdd di3d, dzff i€ 1 to doLtsal teHsER s BpS b O dz!
ZzdzZvw Atsds o dt’ h j dadaw HOdzts’ ftesBdzj d3d oBOYO'
dz0o yOdz des™ odB ' teCd. vOCdd yddetsdz ¢ zOfmd B
Metss yjteeck, vyj Lddyk L a3’ " Iz ofifisdiss HAfISIS [z teadd Bz
odB ' ¢ d hdzwotsdd CdzOMmlsjtedL Oy' ~ dai odSC sted Ml
ftesotsHWIS! MW dzdh j L odSstedMmisOdadza" d3 fd ¢ dzOIs Iz
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it BLicsBdzf dzs HO O dBjIstsHd C kzOMIsjtedL Oy' ~ d
dzOo yOdf edetsteC do L S kOMsjte' 9 YyoOlkisadnrn ¢ dzOH
ode ' ¢ d L yJjdaste' 9 CzOMsjtc' 8 frsyOlsStsada ¢

2.2.1. [jiltsH Ytsttdizo Oddg" dzOo yOdz dets’ o

[ Odzd 2 &BjIssH tsdzw e O’ o W tstcd3kz o Gdda® f Isqiz@B t
slstcd Bz Is' Mw h dzv o sd3 § OtcOdzj dz' des™ € dzOfmlsj tedL
CdzOfm" 9. vOCdd yddetsdz, Sty jdz L klsettej ddn
slsted 3O dzts ’ (CdzOMmIsjtcdL s Odzets” ) dz0 o Yy Odz! dagkz
LOGCOdz dzO ¢ " dz €' Mlsy Mde Okt o dzOo YyOdz' dz'
tesSLysH dz Mde dzOlskzte Ctsydzse s f syOlsisotsegts ¢ d
Ctdz €' Mls! ¢ dzOm" o, wWCO BEHJ Histe' o dz¥ 9 Ols(
f sy®s - ¢ dzOMm" o.

| Bdztseo dets  ff jtoj 0o O st dgj L o3 dzdets s md e dzOIs
" Hnddzj dz 9" H BLABBOSC IsO0 oadkoOMmidetshmisj 2 €
f syoOlkS o’ dzg0o yOdz' dets™ odB " teSd. wjtojH dzjt
f s dzwec Ols 5 iRz, h s ' datsH' ode' ¢ O Hiso sdz' 9 J
L dzZOydzdr L tcOrnlzdzitsodrs odltcOls, WwWChts dzj L B
BBy J Bklsd ftdmkzlsdz mis: fsdikddzCsots ©°  H' Bfls
dz0o YO dz! dzetxlzO 99 (B’ WS dndzv L OMistsmiz o O dadz™ H Odzts

l Moty yjtelkz, LB" d M jdzdzw ¢ zOM' &8 I1SOC 5y
odlstcOIs. ¢cChts fyOlitsea® dzOo yodzr d&zO o9dB ' t6€ O
stsBlsts BOZO HO O ¢ d&zOMJ, IstsH ' C O M daw L Lo Isds i)
B' dzOtcdzsets C dzOMdW ' Czo Odzdzy bk dzj d3tsy dzd o dz& * Is+ fr

]l csCtesC o d?2 Oz stedIlsds HOdsets ®RBjbsHEYT B
ftoso sHdIs! Mw CdzOMmlsjtedL Oy" W o' Hsd3d d3d yd dz
CdzOMmdW " € zo Odzdafyj tc fz@-tgls § & @feH s |\ F dain & Dubes, 1988
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