
cTAHOB14l4E

Ornocno: AraceprarlnoHeH TpyA 3a npngo6naaHe Ha o6pasoaarenHara h HayL{Ha

creneH,,4oKTop" g o6nacr Ha Bhcue o6pasoeanne4.,,llpvtporqHn HayKr, MareMarilKa h

nH$opMarrKa", npo$ecraoHaflHo HanpaBneHne: 4.4. ,,HayKn 3a 3eMFTa", Hay\.{Ha

cneqnanHocr,,,[ncraHqiloHH14 t43cne4BaH nA Ha 3eusra n nnaHerilTe".

lrlsroreun craHoBr4rqero: A-p EareHuR Pyueunna, npo$ecop a o6nacr Ha Bilcule
o6pasoaanue 4.,,[1prpo4nil HayKn, MareMaruKa, nH$opMarhKa", npoQecnoHanHo
HanpaBneHhe 4.4. ,,HayKn n 3a 3eMgra", HayqHa cnellnanHocr ,,[nctanquonnn
h3cneABaH nA Ha 3eMFTa".

Teua Ha AtacepraqnoHHnf, TpyA: ,, OqeHKa Ha napaMerpure Ha AbpBocrof, B

HapyuJeHn il HeHapyueHn ropcKn repilTopr4r4 qpe3 Mero4r4, 6aenpann Ha paAapHilTe
rexHonoruu - nonrpilMerprn n nnrep$epoMerphn (POL-SAR & InSAR) ".

Aerop Ha AucepraquoHHr4f, TpyA: ac. 3narounp .QnuurpoB, AoKTopaHT, peAoBHa

Qoprua Ha o6yueHne B ceKqtAA ,,lncraHqnoHHr4 r43cneABaHna n fV1C" ruu lzlKlzlT-EAH.

Hayven pbKoBoAl4ren: npoQ. 4-p Eerenrn Pyuennna,

Cranoeuqero e h3rorBeHo B h3nbnHeHne Ha 3anoae4 Ns 34130.03.2023 r. aa

,Qnpexropa na VIKIAT-EAH npo$. A-p. l-eopru Xenea 3a cbcraB na Hayvno xypr4 14

nporoKon Ns1/07.04.2023 r. or 3aceAaHnero na Hayvnoro xypn.

O6qo npegcraBf,He Ha AoKropaHra u npoqe4ypara

Acncrenr 3naronlnp ,Quunrpoa ce e obyvaBan BbB <Dnshqecrnc Sarynrer na

CoSnficxun YHneepcilTer "CB. KflnMenr Oxpu4cKr4", Karo npe3 2004 r. npngo6uea
o6pasosarenHo-KBannSrxaqnonna creneH (O1(C),,5aKanaBbp" no cneqr4anHocr

,,Oil3hKa", a npe3 2007 r. npr4o6naa OKC ,,Marilcrbp" no cneqnanHocr

,,Mereoponolv+", HanpaBneHne - ,,CnbrHr4KoBa MereopoflorilF". Toil e 3a'.{ncneH B

AoKropaHrypa, pe4oana Sopua Ha o6yveHne cbc 3anoeeg Ns 22127.01.2016 r. na

AhpeKTopa na VIKAT-EAH. Oqenxara 3a HeroBara noAroroBKa e u3qncneHa cbrflacHo
KpegurHara cncreMa, Bb3npnera e EAH, cbcraBnrBaT12 KpeAnra.

f1o epeue Ha cBoero o6yveHre AoKTopaHTbr e o4o6pen, cneA yqacrile B

KoHKypc no nporpaMara ,,EPA3bM-" (ERASMUS') Ha Eaponerlcrara KoMr4cnF 3a

uo6nnHocr c Llen o6yveHre e Vnneepcurera e rp. tZena, l-epruaHnF, AenapraMeHT
,,flrcranqnonnn Mero4r4" KbM lAr,ctutyta no reorpa$ran. To e npoBe4eHo B Tpr4

nocneAoBarenHil erana c o6qa npoAbnxilrenHocr 10 ueceqa B nepho4a 2018 r.-2019
r. f1pn4o6r4Ture 3HaHnF h onnr AaBar Bb3MoxHocr Ha AoKTopaHTa Aa n3nongea Frari -

cbBpeMeHHh rexHonornh npn paspa6oreaHara or Hera Ancepraq[oHHa reMa. flpes
To3n nepnoA roil KaHAnAarcrBa n c npoeKTHo npe4floxeHhe, Koero e o4o6peHo or
,,HeMcKara aepoKocMl4qecKa areHllr4n" (DLR), 3a qennre Ha npoBe4aH[Te or Hero

n3cneABaHAA 3a rph recroBr4 yqacrbl414, HaMnpauln ce Ha repuropn+Ta na Eunrapnn



ca My npeAocraBeHn 6e3Bb3Me3AHo eKcnepilMeHTanHn 6ncrarn.{Frh AaHHh c Br4coKa

pa3rqennrenHa cnoco6nocr or cnbrHr4KoBara SAR uncnR ,,TanDEM-X".

OcHoeFtnre pe3ynrarh, nonyqeHh npu paspa6oreaHero Ha AncepraqnoHHara
TeMa or AoKTopaHTa ca ny6nnxyeann e 4 cneqnann3npaHu n3AaHnA, Karo Ha BctaqKr

ny6nraxarlru toh e eAhHcrBeH aBTop. Pesynrarnre ca anpo6npa+n n Ha qernpn

HaqnoHanHh u Me)KAyHapoAH14 HayqHn ronQepenqnn.

AncepraqhoHHr4nr rpy4 e o6cugen Ha e4HoKparHo pa3uJnpeHnfl HayqeH

ceMnHap Ha ceKqnr ,,,QucranqnoHHl4 r43cneABaHhl n fAC" ruu 14KlzlT-EAH, npoBe4eH

na 29.03.2023 r. n c peueHne Ha HayvHun cbBer aa AKVIT - EAH e pa3Kpnra

npoqeAypa sa ny6nuvHa 3aulnra npe4 HayvHo xypt4.

CnaeeHn ca BcilLrKl4 npolleAypr4, cbrnacHo 3PACPE il npaBhnHnqnre 3a

HeroBoro npnnoxeHile no caMoro 3alrncnnBane, o6yvenne KaKTo v npn pa3KpnBaHe Ha

npoqeAypara 3a caMara saulura. ,QncepraqnoHHr4FT rpy4 e npegcraBeH n c

aerope$epar, xofiro orpa3nBa KopeKTHo n nbnHo HeroBoro cbAbpxaHhe.

Axryanxocr Ha u3cneAoBarencKara reMa u crpyKTypa Ha Arceprar{uoHHuA rpy4

Arryannocrra v 3HaLrnMocrra Ha u3cneAoBarencKara reMa e FcHo o6ocxosaHa
or AoKTopaHTa. Tn e npnro cBbp3aHa c pa3pa6oraaHe Ha Mero4onorhqeH noAXoA 3a

onpeAenflHe napaMeTpr Ha HapyueHI n HeHapylrJeHh ropcKn TephTopl414 qpe3 MeToAl4,

6asnpann Ha paAapHure rexHonorvtA - nonnpnMerphf, n nnrep$epoMerprn (POL-SAR

& InSAR). Tosn no4xo,q e nphnoxnMtA npv Ar4craHqnoHHl4F MoHl4TophHr Ha ropcKl4

Tepnropr4l4. J4gMeHeHnero Ha KnnMara npe3 nocne4Hnre Aecernnerilfi HaHacr Bce no-

roneMn ulern Bbpxy rophre. l4snonsaaFrero Ha cnbrHr4KoBure pa4apHr4 TexHonorvtt,

AaHHnre or Kor4To He ca 3aBncvMV or arnaoc$epHilTe ycnoBilfl, Bce no-Lrecra ce
il3non3BaT 3a oqeHKa Ha n3MeHeHhrTa Ha napaMeTphTe Ha ropcKnTe TephTopkrl4

Bb3Hl4KHann Bcne4crBile Ha a6uornueH crpec xoilro BoAl4 Ao npoMFHa B reoMerpnnTa
l4 crpyKTypara Ha AbpBocron. Eaponeilcxara KocMr4qecKa areHqilF, BbB Bpb3Ka c
peanh3npaHe Ha Annqnatuaata 3a npoMeHhre B KnhMara h nporpaMara 3a

na6no4enhe Ha 3eugra ,,KonepHhK", pa3pa6orBa HoBa cnbrH14KoBa MActAA, nnaHhpaHa

Aa 6u4e B oneparrBeH pexhM npe3 2024 r. Oqarea ce Aa ce nonyqar no-gobpra

AaHHU 3a Ha,q3eMHara .qbpBecHa 6nouaca Ha 3eunra n Aa ce Kaprhpa AerpaAaqhnTa
B ropcKnre rephropr414, Bcne4crBhe Ha nphpoAH14 HapyureHhn or a6uotn\)ln
ets4eilcrenn. i

,QncepraqiloHHl4nr rpyA Ha ac. ,[runrpoB e c o6n] o6eu or 269 crpaHnlpr.

[o6pe e hnpcrpnpaH c 91 ta6nu4n, 159 Qnrypn n Kapru, n 2 npunoxeHnf,.
Cugupxannero My e crpyKTypnpaHo B ror[qecKa nocneAoBarenHocr or BbBeAeHne,

uecr ocHoBH14 rnaBr, 3aKntoqeHne I npilHocu. InreparypHnre il3ToqHull]4, u3non3BaHn

npn pa3pa6oreaHero Ha AucepraqiloHHr4n rpy4 ca 198 (28 ca Ha KnpnnwJa n 170 na

narnnnqa), Karo noBeqero or rFX or rflx ca or nocne4Hnre Aecer roAVHn n ca
aKryanHn Karo h3cneAoBarencKo Hr4Bo u 6asa 3a HeroBoro peanh3npaHe. Kopexrno r



TOL{HO B TeKCTa Ca quTnpaHn 14 aHantrcnpa{n pe3ynTaTuTe, nonyqeHil no cbrl]ara TeMa,

or Apyrr h3cnegoBarencKh eKnnn. Or nanpaaeHhs o6sop ce Bilx(Aa, qe AoKTopaHTbr e

3ano3Har c ocHoBHilTe nporpaMh, cnbrHl4KoBr Mr cl A, npoeKTu n ny6nnraqur Ha

n3cneAoBarennre, pa6oreqn B Ta3h o6exrna o6flacr, il3non3BaHara or rFX
TepMnHononAfl, Mero4r4Kr4 h Mero4onornqHr noAXoAh. 3a4un6oveHilTe reopernL{Hl4
no3HaHrF Ha ac, 3n. ,4ravrnrpoB no pa3rnex4aHara reMarnKa My AaBar Bb3MoxHocr Aa
HanpaBh Kpl4Tl4qeH aHarn3 Ha cbu_lecTByBau_l]4Te MeToAl4r.tHn noAXoAn 3a onpeAenFHe
napaMerpu Ha HapylueHil il HeHapyureHr ropcKn rephropl4n qpe3 Mero,qu, 6asnpann na
paAapHr4Te rexHonorun. Ha rasn 6asa ca n4eHTu$nqnpaHr HepeueHhre npo6neun,
apryMeHTnpaHo e $opuynnpana pa6ornara xnnore3a, qenra n o6erra Ha

n3cneABaHero u npoil3Tr4qarlure or HeF 3aiqalril. O6ocHoeaHo ca re6paHra rpu recroBt4
yqacrbKa or repnropn+Ta na Sunrapn+ Ha Konro e nphnoxen paspa6oreHhnr or
AOKTOpaHTa MeTOAOn OrnqeH nOAXOA.

HgnoneeaHr noAxogl4 r MeroAn Ha [3cne4BaHe

Paspa6oreHhnT or ac. 3n.. ,Quunrpoe MeroAonorn.leH noAxo,q ilMa npnHoceH
xapamep. Tofi ycneluHo e npilnoxeH na peSepeHTeH TecroBl4 yqacrbK c HeHapy[ueHa

ropa -,,KaMgt4F" n Ha ABa recroBl4 yqacrbKa c Bb3Hr4KHan npe3 2014 r. a6noru,{eFl
crpec BcneAcrBl4e Ha ne4onoM - ,,Mn4xyp" t4 ,,9ynpeHe". llpunarafirh hHoaarrBeH
noAxo,q, roil aAanrupa qacr or AoceraurHr4flT onhr il Mero4r4 3a onpeAennHe
napaMerpil Ha HapyueHh n HeHapyueHn ropcKh rephropr4r4 qpe3 MeroAh, 6asnpanu Ha

paAapHhre rexHonoruv - non*pvMerpre N nnrep$epoMerpnF (POL-SAR & InSAR). n

n3rorBn $yHxquonanHa cxeMa Ha Mero4onor[L{H14FT noAXoA Karo 3a ocHoBHnre eranil
ca npnnoxeHn AonbnHnrenHo no4po6nn cxeMr. B Hero ca ilHTerpnpaHn rpn
MeroAonorilqHn noAxo,qa, 6asupann Ha paAapHnre rexHoflorhn - flonnpnMerpilF,
Bpeueera noAXoA c pa4apHn BpeMeBn cepnn ra l4nrep$epoMerpur Kol4To axnrovear: 1)

l-lpunoxenhe Ha POL-SAR MeroAl4, no nonnpuMerpuL{Hr4 AaHHn or cnbrHt4KoBara
Mncn+ ALOS PALSAR (JAXA),, c h3xoAHr4 - nonnpuMerpilr{Hr AecKpilnropl4, nph
orqhraHe Ha BcnqKn cbcroflHr4n Ha nonnpn3aqv+i 2) VlsroteaHe Ha BpeMeBa cepnn, no

AaHHh or cnbrHr4KoBara MActAA SENTINEL-1, a 4aofiHa nonnplrMerpre, c ul3xoAHt4 -
BpeMeBn ,qecKpnnropu n 3) llpnnoxenne Ha InSAR Meroflh; no ranrep$epoMerprqHn
6nctactn.{Fu4 AaHHLT or cnbrHr4KoBara MncAA TanDEM-X, a e4yrHt4qHa n 4aoiHa
n onn p n Merpvl, c 14 3xo4 H 14 n HrepSepoMerpu q H t4 AecKp n nrop 14.

oqenxa Ha pe3ynrarrre , npr"odrre Ha Arcepraq vtoHltunrpy4

B pesynrar or npoBeAeHoro l43cneABaHe e norBbpAeHa 4e$r,trrapaHara or ac.
3n. ,Qruurpoe pa6orHa xr4noresa. f'lpe4BapilrenHo nocraBeHara Llen e nocrhrHara
qpe3 MHoro 4o6po peanil3ilpaHe Ha nnaHnpaHilTe 3a4aqn. [lpamnvecxoro
npnnoxeHne Ha MeToAonorrqHhtT noiqxoA AaBa Bb3MoxHocT AoKTopaHTa Aa

Sopuynnpa ycnoBn+ra nph Kol4ro roil uoxe Aa 6u4e n3non3BaH KaKTo n 6rgeqoro My

pasBhThe.



,Qoxropanrur n3BeXAa rpn npnHoca, Kor4To ca flcHo Soptuynnpanr v

npeAcraBflT ocHoBHnre pe3ynrarn or npoBe4eHoro l43cneABaHe. Te hMar
MeroAl4qecKh il npnnoxeH xapaKTep. CuqecreeH npr4Hoc e o6nacrra Ha

AilcraHqiloHHhre u3cne4BaHnA Ha 3eusra e paepa6oreHnf,T MeroAonornqeH no.qxo4 c
anropurM14, nporpaM14paHn B cpe,qa Ha ,,R", Python n GAMMA@, 6aanpaH Ha rph BnAa

cnbrHrlKoBil paAapHh rexHonorrn - pa4apHa nonnpilMerpnn (POL-SAR), paAapHa

rHrep$epoMerpnF (lnSAR) il paAapHh BpeMeBV cepnv, 3a onpeAenFHe Ha

raKcaqhoHHil napaMerpn Ha ropn n n4enrnSrKallue Ha HapyueHu ropcKl4 Tepnropr4h,

BcneAcrBr4e na a6rorn.leH crpec. Tora e anpo6npaH Ha rplr recroBh yqacrbKa Ha

TepilTophnra Ha Sunrapun. Crs4a4eHil ca 39 reuarnqHh Kapru 6asnpaw Ha rpn-
KaHanHh xou6nnaqnn v Apyt4, or nnrepSepoMerplrqHh n BpeMeBil AecKplrnropn. 3a
nbpBl4 nbr ca n4enruQrqupaHn HapylxeHnn Bcne4crBhe Ha a6uoruqen crpec or
neAonoM, B nnaHfiHcKr4 ropcKr4 TepilTopr4r4, B yMepeHure uJnpnHV, 6asupanv Ha

paAapHil cnbrHr4KoBh rexHonornu no AaHHU or SAR n eKcneprMeHTarHn 6ncrarrqnn
3acHeMaHhf, or rnn Alternating Bistatic, or TanDEM-X (DLR). Cus4a4enA ca 4
oqeHbqHn Kaprh sa sary6ure na 6rouacara il Bucor{r4Hara Ha AbpBocror, B ocHoBHure

HapyueHn TecToBl4 yl{acTbql4 ,,Mil4xyp" tt ,,$ynpene", pa3nonoxeHh Ha ceBepHnre
cKnoHoBe na 3ana4na Crapa nnaHhHa. Paspa6oreHh ca crarilcrr4.lecKh perpeciloHH14

MOAen[ 3a ycTaHoBFBaHe Ha. Bpb3KaTa MeX(Ay Ha3eMHn n3MepBaHnA tA AVCTaHqTOHHLI

AaHHil or SAR. Oqenena e rRXHara crarhcrr4r{ecKa 3HaqnMocr. ,QeSnnupan e [,4n4exc

3a xoMoreHHocr Ha ropcKara pacrilTenHocr, Ha 6aga raxcaqnoHHr4 napaMerpil B

noAorAennre h Ha 6asara Ha cb3AaAeH anropnrbM nporpaMhpaH B cpeAa Ha

MATLAB.

Kpaixo 3aKnroqeHue

,[ncepraqhoHHhnr rpyA Ha ac. 3n. flnunrpoe npe4craBn eiqHo 3aBbpuJeHo

n3cneABaHe c npnHoceH xapaKTep B o6nacrra Ha npilnoxeHilero Ha AncraHqiloHHilTe
MeTOflh 3a OnpeAeneHe Ha napaMeTp[ Ha HapylueHil 14 HeHapyueHn ropcKl4

Tepnropr414, qpe3 MeroAr4, 6asnpanr Ha paAapHhre rexHonornu - nonrpnMerplln 14

nnrep$epoMerpnn (POL-SAR & InSAR). florropanrur ilMa opnrhHaflHn tAryen, Kol4ro

ycneuHo peann3ilpa B cBoilTe HayLrH14 r43cneABaHnfl.

B pe3ynrar Ha ropeu3noxeHoro, y6egeno AaBaM cBoera nonoxurenHa
oqeHKa 3a npoBe,qeHoTo l43cneABaHe, npeAcTaBeHo B AncepTaqnoHHl4F TpyA,

aarope$epar, nocn4rHarn pe3ynrarn u nphHocl4. flpe4naraM Ha noqhraeMoro Hayvno
xypr4 Aa npucbAn o6pagoBarenHara r HayqHa creneH ,,4oKTop" Ha ac. 3narounp
flr,rrunrpoe g o6nacr Ha Buclue o6pasoaanne 4. ,,flpupo4nn HayKh, MareMarilKa il
rn$opuarnxa"; npoSecnoHanHo HanpaBneHhe 4.4. ,,HayKh 3a 3eMFTa"; HaytlHa

cneqnanHocr, ",[ncraHqhoHH14 t43cneABaHvA Ha 3eugra n nnaHerilTe".
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(npoQ.A-p E. Pyuenuna)
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