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1. AKTYaJIJHOCT M 3HAYMMOCT Ha Pa3padoTBaHUs Hay4deH
npooem

AKTyaJIHOCTTa Ha JUCEPTALMOHHUS TPYJ HECBMHEHO ce JeduHupa c
HAMUPAHETO Ha HOBM M MHTEPIPETHPAHE Ha CHIIECTBYBAIM IOAXOIU 32
YCBBBPIIEHCTBAHE HA METOJOJIOTUATAa IPHU H3CIEBAHE Ha CHEUUPUUHU
OpOLECH 3a  OrpaHMYaBaHE HAa  BB3JACHCTBHATA HA  KpUTUYHATA
UHpPACTPYyKTypa U OTPAKEHHETO UM BBpPXY CHCTEMara 3a CHUTYPHOCT.
JlokazarencTBo 3a TOBa €, 4Ye HE ca 3a0eid3aHd  KOMIUIEKCHU
HAay4YHOMETOJMYECKM W HAYYHONPAKTUYECKH H3CIEIBAHUS W AHAIM3H
CBBP3aHH C HAIPABIECHUETO, Pa3padOTEHU OT APYTH aBTOPH.

3HaUMMOCTTa HA JUCEPTALMOHHUSA MpOoOJEM c€ CBbP3Ba B CTpeMexa
Ha YOBEYECTBOTO B THPCEHE HAa AJNTEPHATHBHU (POPMU M MECTa 3a KHUBOT,
IapajenHo ¢ MpOyYBaHUATA Ha 3emATa. ToBa € Taka, 3al0TO B HAYAJIOTO HA
2] BeK HAKOJIKO KOCMHMYECKHM arcHIMM - JIbP>KaBHU M YaCTHU — MPOSBHXA
UHTEPEC KbM Apyru mianetu. Llenure He ca camo na ce kaiHe Ha JIyHaTta uim
Mapc B mazneH pailoH. be3cropHO Te ca HACOYEHM KbM YCTAaHOBSIBAHETO Ha
BPEMEHHHU U MTOCTOSTHHU 0a3M ¢ YOBEIIKO NpuchcTBUE. ChIIECTBYBAT IPOEKTH,
YHETO pa3padOTBaHE MMa 3a 1]l OCUTYpsIBaHE Ha YCTOMUYMBO (PDYHKIIMOHUPAHE
Ha pa3jIMYHU CEKTOPHU MH(PACTPYKTypH 3a MOAAPHKKA HA OJaronpusTHU 3a
yoBeKa ycioBus. ToBa BKIIIOUBA KUBOTOMOJABPKAIIM CUCTEMHU, CUCTEMH 3a
TPaHCHOPT, KOMYHUKALUS U HABUTaLUsl, EHEPTUMHU CUCTEMH.

Teil karo JlyHata € Hail-OMM3KO KOCMHUYECKO TSJIO, TA € € Hail-

JOCTBIIHA 3a TMPOYYBAHE M YTBBP)KIAaBaHE Ha HEOOXOJUMHUTE CHUCTEMHU U
TEXHOJIOTUM 3a 4YOoBEWKH Oa3u. ToBa OT CBOA CTpaHa IWIe  JIOBEIE [0
M3MN0J3BaHeTO Ha JlyHaTa KaTo MEXIWHHA CTaHUUS MO MBTA Ha YOBEUIKOTO
yCTaHOBsIBaHE Ha Mapc.
ToBa ce NOTBBbpKIAaBa OT HAYYHU HU3CIIEJIBAHMS, KOUTO TBBPIAT, YE PECYPCUTE
HEOOXOJMMH 32 €HEprusi, 1 MUHEepaJuTe Ha 3eMmsTa ca OrPaHUYEHH, KOETO
BOJU M J0 HEOOXOAMMOCTTAa OT Pa3BUTHE HA TEXHOJOTMH 3a W3IMOJI3BAHE Ha
CypOBMHH OT Jpyru ImaHetu. Kem MomenTa Ha JlyHata € ycCTaHOBEHO
HQIMYUETO Ha BOJA, JKEIS30 M JpPYrM €JeMEHTH, HeoOXOoauMHu 3a
MIPOM3BOJCTBOTO HA KHCIOpOH, sAIpeHa eHeprus. bescmopen ¢akrt e, ue
peanu3upaHETO HA MEKJIUHEH ITPOEKT 3a MPOU3BOJCTBO HA TE€3U BEIIECTBA U
€JIEMEHTH I1I€ OCUTYpU HaMalIIBaHE Pa3XOJUTE B CPABHEHHE C M3BIMYAHETO
UM U IipepaboTKaTa UM Ha 3eMsTa.

TpsiOBa na ce mogueprae, ye TemMara Ha JUCEPTAIMOHHMS TPYJ HE CaMo
€ aKTyaJlHa, HO W TPy, KOMTO 3aIlbjiBa PEAJHO ChLIECTBYBAlla MPa3HOTA B
TOBa HAy4yHOTO Tno3HaHWe. OT Jpyra cTpaHa JUCEPTALMOHHUAT TPY/I
HAACTpOsiIBA TPEeIXoJHa pa3pabOTKa Ha JOKTOpaHTa, KaTo dacT oOT
KOOTIEpaTUBHUS MPOEKT ,,Moon Mapping* mexny Utanus u Kuraii, ¢ KosTO €
MIPEJIOKEH METOJT 32 OTKPUBAHE HA CBJIAYMIIA B TyYHHH METEOPUTHU KpaTepu
ype3 MareMaThyHu  Mojenu. lIpennokeHusIT m[oaxox — YyCTaHOBSBA
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3a/I0BOJIUTEIIHA PE3YJITaTh, HO M OCTaBsd pPEeAHIla OTBOPEHH BBIPOCH, KOUTO
OCHOBHO Ca CBBP3aHHU C MPEIU3HOCTTA U PA3IIUPEHOTO MY IPUIIOKEHHE.

@opmyaupaHata padoTHA Te3a NOTBbPHKAABA AKTYAJHOCTTA HA
AUcepTANMOHHUS TpPyA. B ocHoBata M cTom  OOCTOSITENCTBOTO, Y€
KpUTHYHATa MHPPACTPYKTypa Ha 3eMsTa ce ONpeielis M0 3aKOHOJAaTesIHaTa
paMKa Ha e/lHa Jbp>KaBa WM OOIIHOCT, KaTO MOAXOAUTE 32 OIpaHUYaBAHETO
Ha BB3JIEUCTBUETO HA PA3pYLIUTEIIHUTE MPOIECH BHPXY HEsl Ce aJanThpar 3a
OrpaHMYaBaHe Ha CHEHU(UYHHUTE TPOIECH Ha JPYro IUIAHETHO TsJIO 3a
MOJIbPKAHE HA YCTOMYMBOCT HAa CHUCTEMHUTE M 33 MOJJbP)KAHE HA YOBELIKO
MPUCHCTBUE HA HEroBaTa MOBBPXHOCT, ChOOpPAa3HO HETOBUTE IMOTEHIMAIHH
KPUTUYHU UHPPACTPYKTYPH.

Kato ce Gasupa Ha mpueraTa paboTHA Te3a, JOKTOPAHTHT MOpIAHOB
(dopmynupa 1enaTa Ha AUCEPTALMOHHUS TPYJ — HU3CIEABAHE U YCTAHOBSIBAHE
Ha YCTOMYMB MOJXOJ 3a OrpaHMYaBaHE HA BB3JECHCTBUETO HA CIELU(PUUHH
OpoLECH Ha KpUTUYHATa HMHPPACTPYKTypa MU Ch3JaBaHE Ha MOJEN Ha
MHBEHTApHU CBJIAYUIIHU KapTH Ha JlyHaTa, KOWTO Ja Ob/ie JIECHO MPUIOKUM
U Ha JPYTU [JIAHETH.

[IocTuranero Ha LenTa Ha JUCEPTALMOHHUS TPYA € IOCPEICTBOM
pelIaBaHeTo Ha CIEAHUTE YaCTHU HAy4YHO-U3CIICJOBATEIICKHU 3a1a4u:

e l3cienBaHe HAa TEOPETUYHUTE U HOPMAaTUBHUTE OCHOBU HA KpUTHYHATA
uH(ppacTpyKTypa.

e AHanmu3 Ha CbIIECTBYBAlllaTa METOJOJOTHUS 3a H3CJEIBaHE Ha
cnenu@uUHaTa KpUTUYHA UHQPACTPYKTypa U Ha pE3yIATaTUTE OT
HEWHATa MPUIIOKUMOCT.

e (Cp3maBaHe Ha Mojen, Oa3upaH Ha M3KYCTBEHHMS HWHTEJIEKT 3a
pasno3HaBaHE U OrpaHWYaBaHE Ha BbB3ACHCTBHETO HA creUU(DUYHU
CBJIQUMILIHU MTPOLIECH BbPXY KpUTUYHATA UH(PACTPYKTYpa.

O0exT Ha HAYYHOTO H3CJIeABaHe ca CHEU(UUYHUTE CBIAYULIHU
MPOLIECH M TIXHOTO BB3JIEUCTBHE BBPXY KpUTUUHATA MHPPACTPyKTypa Ha
Jlynara.

IIpeamMer Ha HAY4YHOTO M3CJeJBaHE € AHANM3BT M OLICHKaTa Ha
METOJIOJIOTUsATa 3a M3CIEABAHE M OrpaHWYaBaHE Ha BB3IACHCTBUETO Ha
CHEeU(PUYHNTE CBIAYUIIHU MTPOLECH BbPXY KpUTHUHATA UHPPACTPYKTYDA. .

[lomyuyeHnTe Hay4yHM W HAy4YHO-TPUJIO)KHU pe3ylTaTd ca B
MOTBBPKIECHUE HAa CHOTBETCTBUETO HA TEMAaTa HA JUCEPTALMOHHHUS TPYJ ChC
ChJIBP’KaHUETO Ha pa3padoTKara.

2. O0ma xapakTepUCTHKA U CTPYKTYpa Ha JAUCEPTALMOHHMA
TpyA

[locTuranero Ha wLeATa W PEIIABAHETO Ha 3aJaYUT€ HA HAYYHOTO
U3CIIEIBaHE € MOCPEICTBOM M3IOI3BAHUTE HAYYHO-U3CIEA0BATEICKM METOIM,
rpynupaHu B CIEIHUTE JBE IPYIU:

® TEOPETMYHM  METOJU:  CHUCTEMEH,  JIOTUYECKH,  aHAJIUTHUYEH,
UHTEPAUCLIUIUIMHAPEH TIOJIXOAM, TEOpUs HAa pHUCKA, TEOpHs Ha

3 | Page



BEPOSATHOCTUTE, CTATUCTUYECKH METOAM, HHCTPYMEHTaApUYyMbT 3a
MaTeMaTUYECKH aHAJIU3, CUCTEMEH aHallu3 M CHUHTE3, CpPaBHEHHUE,
KOHKpeTHu3alus, 000011eHre, MHAYKIUS U ASAYKIIHS, aHAJIOTHS U IPYTU
U3BECTHHU Ha OOIIECTBEHO-HAYYHOTO MO3HAHUE METO/IM U CPE/ICTBA;

® CMIUPUYHU METOAU: HaOIoJleHne, U3MEpBaHe, EKCIIEPUMEHT,

MPOTHO3WpaHe, 00padOTBaHE HA JTaHHM Ype3 MOJUHOMHUTE Ha YeOuien

U TIOJIMHOMHOTO ampoKCUMHUpaHe upe3 YeOuIneB, aJlrOpuTMHUTE 3a

M3KYyCTBEH MHTEJIEKT Upe3 OMHAapHAa W MHOTOKJIACOBa KiIacU(PHUKAIUS U

APYTH.

3a ynmoOCTBO TpU U3MOJ3BAHETO M HAMJIETHOTO HIIIOCTPHUpAHE,
MOJIYyYECHUTE KpallHu pe3ynratd (cxemH, TrpaduKu, CcTaTUCTHYECKaTa W
rpaduyHaTa MHTEPOpETAlMs Ha W3CJCABAHUSTA), Ca MOCOYCHU B 3aBBPIICH
BUJ, Kato ca usnon3Banu MATLAB u codryepHo pelieHue MUTPUPAHO B
Python cpena.

Karo u3xonna 0a3a ca u3MON3BaHU: €BpoIelcKaTa M HallMOHAJHATA
3aKOHOJIaTeIHA paMKa Ha KpUTHYecKaTa UH(PPACTPYKTypa; aKTyalIu3upaHaTa
CTpaTerusi 3a HAIlMOHAJIHA CUTYPHOCT; METOAOJIOTHSI W PE3yJNTaTH oOT
KOOTIEpaTUBHUS MPOEKT ,,Moon Mapping” wmexnay Wranmus u Kuraii c
pa3pelIeHUET0 Ha YyYacTHUIIMTE B Hero, wu3o0paxeHuss Ha WAC
(IIupokobreina kamepa) U mudpoB eneBauroHeH mozaen 100 m x 100 m
(WACGDL100 DEM), nonyuenn ot mucusita LRO HACA; uaeute Ha
BOJICIIM TEOPETUIIM M H3CJIENOBATENIM OT BOJCHIM KOCMUYECKH arcHIWU,
MPEJICTABCHU B HAYYHU U MyOJUIIUCTUYHU U3AaHUS, KHUTH, CTATHUH.

[Tonmydyenure KpalHU PE3YJATAaTH OT M3CJIECABAHETO Ca IOCOYEHHU B
3aBBPIIEH BUJ, KOETO € MOCTUTHATO B paMKuTe Ha 167 cTtpanuuu. OCHOBEH
TeKkcT — 157 crpanumm.Ilpunoxenne 1 Ha 158 crpanHuma, auTepaTypHH
u3TouHMIM — 71 (YUATO HAYYHO-TIPUIIOKHA CTOHHOCT W aBTOPHUTET Ha
aBTOPUTE HE TOJJIekKAT HAa CbMHEHHeE.), Opoil Ha uryputre — 61 , Opoil Ha
tabmmuurte — 21 , Opoit Ha npunoxkenusara — 1, 6poit Ha myOauKanuuTe — S.

CrpykTrypaTa Ha JUCEpPTAlMOHHUS TPYyH OTpa3siBa IOCTABEHATa IIE,
HAy4YHO-U3CIEAOBATEIICKUTE 3a/lauu, paboTHATa Te3a, 00EKTa U MpeaMeTa Ha
u3cieBaHeTo. JucepTaliMOHHUAT TPYA ChAbpKa YBOJ, TPU TJIaBH, U3BOIH,
NPEAJIOKEHUSI, 3aKIIOUCHHE, HAYYHO-TIPWJIOKHU ¢ MPAKTHUKO-TIPUIOKHU
MPUHOCH, U3MOJI3BaHa M IIUTUPaHa JINTepaTypa, CIUCHK Ha (DUTYPH, CIIUCHK
Ta0IUIU, IPUIIOKEHUS, JICKIapaliis 3a OPUTMHAIHOCT, CIUCHK MyOIUuKaIuy 1
W3MOJI3BAaHU ChKPAIICHUSI.

B yBoaa e nmocoueHa akTyajqHOCTTa Ha JUCEPTALUOHUS TPY/I, CBBP3aH C
Hal-0JIM3KOTO KOCMHUYECKO Tsjo - JlyHaTta. AKIleHTHpa ce, 4e TS € Haii-
JIOCTBIIHA 3a TMPOYYBAHE U YTBBP)KJIABaHE HAa HEOOXOAUMHUTE CHCTEMH H
TEXHOJIOTUHU 32 YOBEIIKkH 0a3u. be3crnopHo ToBa 1€ J0BEAE O U3MOI3BAHETO
Ha JlyHaTa KaTo MEXJMHHA CTAHIIUS MO BT HA YOBEIIKOTO YCTAHOBABAHE HA
Mapc. BsipHo € TBBpAEHUETO, Y€ C Pa3BUTHETO HA TEXHOJOTHUUTE U MUCHUTE
3a u3cienBaHe Ha JlyHata OoT BOJEIIM KOCMUYECKH areHINM, U3MO0I3BaHETO Ha
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JaHHU OT JUCTAHIIMOHHW HAONIOACHHWS C JOCTaThUuHA MPOCTPAHCTBEHA
PE30JIIOIMS 11I€ TPEMAXBA PA3CTOSTHUETO KaTO ONPAHUYEHHUE, KOETO MO3BOJISIBA
Ha HAyYHUTE OOUTHOCTU J]a U3y4daBaT B JIETAWIU JIyHHATA TTOBBPXHOCT, KAKTO
U TIPOLIECUTE, KOUTO S 3acsrar.

B mppBa rmaBa ,,Teopernyen 0030p Ha  KpPUTHYHATA
uHdpacTpykrypa“ JIOKTOpaHTa AakIEHTUpa BBPXY: CHIIHOCTTa Ha
NOHATUIHUS ~ amapart, BUJOBETE KpUTUYHA UHPPACTPYKTypa U HOpMATUBHATA
paMKa, KpUTHYHaTa HHPPACTPYKTypa KaTo €JIEeMEHT Ha CcucTemara 3a
CUTYPHOCT (BB3JIeHiCTBHETO Ha (aKTOPUTE Ha cpelara Ha CHTYPHOCT BBPXY

KpUTHYHATa WHQPACTPYKTYpH, a Taka CbIIO BB3MOKHOCTUTE 32
MPOTUBOJEHCTBHE HA  PHUCKOBETE W  3aIUlaXUT€ 32  KPUTUYHATE
UHPPACTPYKTYPH), cnenupuka Ha  JyHHata  UHQpAcTpyKTypa H

B3aMMOJICHCTBIE C WHpacTpykTypara Ha 3emsara (MHpacTpykTypa Ha
Jlynata, J0TOBOp 3a KOCMHUYECKOTO IIPOCTPAHCTBO, IMOTEHIMAIHA
uHppacTpykrypa Ha JlyHarta, crneuuduuHa KpuUTHYHA UHEPPACTPYKTYpa,
Croco0OM 3a OrpaHUYaBaHE Ha BB3JCHCTBHATA OT CBIAUUIIHUTE MPOIIECH);
MOBBPXHOCTHH M TC€OJOXKH mpoiecd Ha JlyHata (TCKTOHWYHA aKTHUBHOCT,
BYJIKAHU3bM, METEOPUTHM yJapu: MEXaHU3bM Ha oOpa3yBaHe Ha
METEOPUTHUTE KpaTepH, BUAOBE KpaTepu, €PO3MOHHU MPOLECH, Bpb3Ka Ha
CBIQUMINIHUTE Tpouiecu Ha 3emsta W Ha JlyHara ¢ umHpacTpykTypara u
KpUTHUYHATa HHPPACTPYKTYypa - CpaBHUTEJICH aHAJIU3, CBJIAYUIITHU MPOIECU Ha
3emsirta u JIyHHU CBIAUUIIIHU TPOIIECH ).

N3BoanTe KbM MbpPBaA IJIaBa YOEIUTENHO MOKa3BaT, Y€ JOKTOPAHTHT
3a1bJIOOYECHO € U3yUWJI  TMOHSTUUHUAT amapar CBBbP3aH C U3CIEABAHE Ha
crieu(pUYHU MPOIECH 3a OTpaHUYABaHE HA BH3ACHCTBUATA BbPXY KPUTHUHATA
HHPpPaACTPYKTypa, a Taka CBIIO H3CIEIBATEIICKATE IUIAHOBE Ha BOJCIIN
KOCMUYECKH areHIIMU, KOUTO MPOBEKJAT CXOJAHU HAyYHU H3CJICABAHUS.
JIOKTOpaHTBHT J[I0Ka3Ba, Y€ TEPMHUHOJIOTHUATA MOXKE Ja C€ NPEXBBPIA OT
HAI[MOHAJIHO HHUBO HAa MEXIYHApPOJIHO W CHOTBETHO Ja C€ MPHUCITOCOOSAT
ocHOBHUTE npuHIMNU Ha KW u 3a Apyro KOCMHUYECKO TSUIO OT 3€MEH THIL.
[Ipuemam, e ToBa MO3BOJISIBA Ja ce AeUHUPAT M pa3rpaHUYar MmeT OCHOBHHU
UHPPACTPYKTYpHU  CEKTOpa, HEOOXOJMMH 32  CBIIECTBYBAaHETO U
(GYHKIIMOHUPAHETO Ha MOCTOSIHHA 0a3a 1mo nmobpxHocTTa JlyHata. Cho0pa3HO
TOBa CTaBa BH3MOXKHO MOJICUTYPSIBAHETO HA CaAMOIIOTBPIKAIIO CE, YCTOMUHUBO
U TIOCTOSSHHO YOBEIIKO MPUCHCTBUE IOCPEJACTBOM: EHEPTrUWHU CHCTEMHU,
CUCTEeMHM 3a KOMYHHUKAIlMs W HaBUTAlUs, TPAHCIOPTHU CHUCTEMHU,
YKUBOTOIOIbPKAIIA CUCTEMH M CHUCTEMH 3a M3II0JI3BaHE Ha Pecypcu Ha
MSCTO.

BbB BTOpa rmaBa ,,Meromosiorus 3a M3CJeABAaHE W AHAJIM3 HA
cnenuduuHaTa nHGpacTpyKkTypa“ o0CTONHO ca paszrienanu: MeTo1oa0rus
3a OrpaHMYaBaHE Ha CBJIAUMIIHU TPOILECH KATO € MpeAcTaBeH 0030p Ha
MpujaraHuTe METOJMKHU 32 BU3YaJHO Pa3lO3HAaBaHE HA CBJIAYMINA MO JIyHHATa
MOBBPXHOCT M TpPErJie/l Ha BeYe MpUjaraHu METOJUKH 4Ype3 MOJMHOMHU Ha

5 | Page



YeOumieB 3a paslo3HaBaHE HA CBIAUMIa U alpoOKCHMAIUs Ha KpaTepHU
nporecu ( BeBenenue B monmuHomure Ha YeOuieB, MaTeMaTHYECKa TEOPUS,
BaXHU CBOICTBa Ha MOJIMHOMHUTE Ha YeOuIIeB, W3YMCIWTEIHA MPOIEAypa,
OpUIOKEHUE Ha ToJMHOMUTE Ha YeOuiieB, Mpoliec Ha anpoKCUMAIMs Ha
KpaTepHH Npoduiu, aHaIU3 Ha HEUETHUTE KoePUIMeHTH Ha Yebuiies, aHaIuU3
Ha OCTATBIUTE HA AalIPOKCUMAIUs Ype3 HeueTHUTe KoeuieHTn Ha Yebues,
U3MOJI3BANKY afanTUBEH W (PUKCHUpaH KpPUTEpUid, MpUJIaraHe Ha mpoleca Ha
anpoKCHMHUpaHe Ha KpaTepW M paslo3HaBaHe Ha cBiauuiia B MATLAB).;
3aIBJIOOUEHO Ca aHATU3WPaHU HM3TOYHUIMTE Ha JaHHU 32 HM3CJE/IBaHE U
u3yuaBaHe Ha cBiauumiHuTe mporecu Ha Jlymara (Lunar Reconnaissance
Orbiter (LRO) — HACA wu Bektopuu (hopmu Ha kparepute ¢ 5 < D < 20 km);
MPEJCTaBeHU Cca Ka3yCcuTe Ha u3cienBaHeTo (MPEIUITHO U3MO0I3BaHU Ka3yCH, a
Taka ChIIO Pa3lIMPEHH Ka3yCH); MOCTATBYHO 3aIbJI0O0YCHO CE aHAIM3UpaAT
copTyepHr pemieHHs 3a W3CiIeABaHe Ha JyHHH MucuM (codryepHa
MOTHBaLU, porpaMHust e3uk Python , xoxpr B Python cpena, kakto u
apyru coTyepH, MakeTH U yCIIyTH).

IIpuemaMm u3Boaa, 4e NPUIIOKUM METOJ 3a PAa3NO3HABAHE HA KpaTepu
BBpPXY JIYHHOTO IPOCTPAHCTBO Ca MOJIMHOMUTE Ha YeOuiieB, KOUTO KaKTO €
U3BECTHO C€a IOPENHIIA OT OPTOTOHAJIHMU MOJMHOMHU. BCEKM e€nuH OT Te3u
[OJIMHOMHU € JIECTBUTEIIHO C YHUKaJlHA U HeKopenupaHa ¢opma I0
OTHOLIEHUE Ha JPYruTe WieHoBe. Tbhil KaTo Te3W MNOJUHOMM IMpeiasiaraT
M3KJIIOYUTENIHO HHCKAa CTOMHOCT Ha Tpelka, T€  ca MPUIOKUMU 3a
APOKCUMUPAHETO HAa HamnpeyHu npoduiau Ha Kpatepu. M neidcTBUTETHO MO
TO3W HAYMH PEAJHO € BB3MOXKHO KJIACM(UIHPAHETO HA KpaTepuTe CHOpEN]
TexHUTEe MOpdoIorudHu ocodeHocTH ( B Cilydai, 4e ca ¢ TepacOBUIHU CTCHH,
[EHTPAJICH BPBHX WIN MaauHa U Ipyru). [1o To3u HAYMH HECHMHEHO MOXE Ja
Ce OTIEeNM KOMIIOHEHTATa Ha AacUMETpHs, KOsITO OWM ce  TMOsBWIA MpHU
anpOKCHMHUPAHETO HA HAIlpeueH NpoQuIL.

JIOKTOpPAHTBHT MPAaBUIIHO CE€ € HACOYMJI B M3MOJI3BAHETO HA COPTYyepH C
otBopeH koxa (COK), Thil karo Te UMaT JoKa3zaHu npeaumcrBa. OT npyra
CTpaHa M3MOJ3BAHETO Ha Te€3U cOPTyepHu ce 00ycaaBsAT OT OTBOpEHATa HayKa,
kato npuoputeT Ha EK, monpaspikana ot orBopeHute copryepu. Ha ta3u 6aza
JOKTOPAHTBHT J0Ka3Ba, Y€ MPEAJOKEHUTE CO(PTyepHU pEIIeHHs MO3BOJISBAT
pa3IMYHU BHUJOBE MOJEIM 32 MAIIMHHO OOy4YeHUE U OIpEACNISIHETO Ha
OPUHAJICKHOCTTA HA €MH BUCOYMHEH NMPO(HII KbM HAKOM OT TpUTE Kjaca -
0e3 cBIaYMIle, ChC CBIAUUILE WIH IeHOopMUpaH.

B Ttpera rmaBa ,,Moaea 3a pa3sno3HaBaHe U OrpPaHUYaBaHe Ha
Bb3/lelicTBHETO0 Ha crnequUYHM  CBJIAYHIIHM TNPOLECH  BBbPXY
KpUTHYHATA MHPPACTPYKTYypa 4pe3 H3NO0J3BAHETO HA M3KYCTBEH
HHTEJIeKT® ca aHalu3HpaHu : 00IlaTra IOCTAaHOBKAa Ha Mojela, 0a3upaH Ha
METOJIOJIOTHSITA HA W3KYCTBEHUS HWHTENEKT (MAIlMHHO CaMOOOydYeHUue -
IbpBETA 32 B3€MaHe Ha PEIICHUs; MHOTOCIOWHU nepuentpon Mpexu (Multi-
layer Perceptron Networks); aenooko oOyuenue (Deep Learning) wu
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BaJIMIUpaHe Ha MOJIENAa); OTPA3CHH ca PE3yJTaTH OT IpUJIaraHe Ha MPEIUIITHO
HpeIoKEHN METOTUKH (TIperyie]] Ha pe3yITaTu OT  TPEIUIIHU

OPWIOKEHUS! Ha MONMHOMHUTE Ha YeOuineB - aHalIM3 HA OCTATHLUUTE Ha
anmpokcumanus ot koepuiuentute Ha Yebuies, npuioxkeHue Ha 51 kpartepa;
pa3lIMpEeHO MPUJIOKEHHE HAa aHAJIU3 Ha OCTAThLUTE HA alpOKCUMAlUsi OT
koedunrentutre Ha YeOuiies; u3cieBaHe Ha NPUIIOKUMOCTTA Ha a/IallTUBEH
u (QukcupaH mTparoB Kputepuil - mpuioxkeHue Ha ['pyma Il pasmmpenu
Ka3ycH); TIOKa3aH € MPOYy4YBaTeJICH aHaIu3 Ha KoedumueHTuTe Ha UeOues;
OTpa3eHH ca pe3yiTaTd OT mpwiaranero Ha anroputbM Random Forest (
OuHapHa KiIacH(UKalMs W MHOTOKJIACOBAa KIACH(HKAIMS); TOKAa3aHH ca
pe3yATaTh OT MPHJIATaHETO Ha AJITOPUTMU 32 M3KYCTBEHH HEBPOHHH MPEKH (
Bapuant maorocnoitan ~ meprentpon mpexu:  (Multi-layer  Perceptron
Networks, OwHapHa KjJacHU(HUKaIUsA, MHOTOKJIAcOBa KJIacH(HKAIM));
OTtpaszenu ca pe3yaTaTd OT TMPUIATAaHETO Ha aNTOPUTMHU 32 W3KYCTBEHU
HEBPOHHH MPEXKU - BapuaHT JIb160ko obydyenue (Deep Learning) a Taka cbiio
codTyepHO pelieHue.

HanpaBenust u3BoA, 4e Mojenute, Oa3MpaHd Ha MPUIATAaHETO Ha
MHOTOCJIOMHHM TNEPLENTPOH MPEXU U ABIOOKM HEBPOHHU MPEXHU ca C IO-
BUCOKM CTOMHOCTH Ha OLICHUTEIHUTE METPUKHU U C TAX C€ MPEOJ0JIsABA Taka
Hape4yeHoTO ,,Hau3yCTsABaHE " HA MOJIEINTE, € IpaBuiieH. JJoOpo mocTimxkeHue e
JI0KA3aTeJICTBOTO, Y€ Ch3AAJAEHUAT MOJEIN Ype3 AbJIOOKAa HEBPOHHA MpEka 3a
MHOT'OKJIaCOBa KJlacH(puKalus, oueHeH ¢ 95% TOYHOCT Nmpu OOYUUTEITHHS
erat 1 90% mpu TECTOBHS €Tanm € HaW-TIPEUHU3€H OT NPWIOKEHUTE H
MO3BOJIABA Ja CE€ W3MOJ3BAa 32 M3TOTBIHETO HA HMHBEHTapHA KapTa Ha
CBJIAUUIIA B TyHHU KPATEPH.

3. XapakTepucTHKa HAa HAyYHUTEe W HAYYHO-NPHJI0KHUTE
NPUHOCH B [UcepTalHOHHUS TPYA. JlocToBepHOCT HAa MaTepuaJa.

[locturHatata 1en Ha UW3CIAEABAHETO W PEIICHUTE Hay4YHO-
U3CJIeI0BATEIICKUTE 3a/1ayll NIOKa3BaT, Y€ JUCEPTALUOHHUAT TPYJl € HAI'BJIHO
3aBbpieH. Ha 6a3ara mpoyuBane Ha oOmupeH Opoil TuTepaTypHU U3TOYHUIIH,
JOKTOPAHTHT YCHEHIHO € U3BBPLIMI  3aJBbJIOOYEHO H3CIIe[BAaHE HAa
CHelU(pUYHN MPOLECH 3a OTpaHMYaBaHE Ha Bb3ACHCTBUITA BbPXY KPUTHUHATA
uH(pacTpykTypa. M3cnenBanusara My 3aBbpIIBaT C NpeAsiaraHe Ha UHTEPECHU
HOBH HAYYHH W HAYYHO-TIPUJIOKHU DPE3YATaTH W TPEIJIOKECHHUS 3a TIO-
HaTaTbhIIHA U3CJie/loBaTecaka padbora.

3.1. Hayunu pe3yJarartu:

3.1.1. Tlpuemam, uye ca  JAOpPa3BUTH  TEOPETUUYHUTE TIOJOKECHHUS,
CBBp3aHH C KOHIIETITyaJlHATa paMKa M METOJOJIOTHs 3a MpOy4YBaHE Ha
CHeM(UIHN MPOIECH Ha JIYHHOTO MPOCTPAHCTBO U PUCKOBETE 3a KPUTHYHATA
uH(ppacTpykTypa Ha JlyHaTa.

3.1.2. CeoliecTBeH Hay4eH NpPUHOC € 00O0raTsBaHeTo Ha
METOJI0JIOTHATA, Oa3upaHa Ha MOJMHOMUTE Ha YeOuiieB 3a M3ydyaBaHe Ha
CHeHU(PUYHNATE CBIAYMIIHU TPOLUECH U OrpaHHYaBaHe Ha TAXHOTO
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BB3/ICHCTBUE Ha KpUTHUHATA HHPpAcTpyKTypa Ha JlyHaTa.

3.1.3. T'enepupaHo € HOBO 3HaHHWE 4Ype3 Ch3JlaBaHE HA HOBa
MeTo/oJorusl, Oa3upaHa Ha U3KYCTBEHHUS MHTEJIEKT 3a U3y4yaBaHe W
aHaJM3MpaHe ¥ Ha CHeuu(PUUHUTE CBIAYUIIHM TMPOIECH HA JyHHATa
MOBBPXHOCT, KaTO € OTKPUT TpeTH Kiac ,JdedhopMHUpaHu BUCOUYUHHU
npouiiv Ha CBIAYMIIHU MTPOLIECH .

3.2. Hay4yHO-nIPUI0KHH pe3yJITaTH.

3.2.1. OcHOBEH NPUHOC € NPEIJIOKEHUIT MoAen, Oa3upaH Ha
aNropuThMa Ha MPUHIMIIA HA ThPBETA 3a B3eMaHe Ha peiienue (,,CiyyaiiHa
ropa‘) 3a pa3no3HaBaHe ¥ OIPAaHUYABAHE HA CBIIAYUILHU MPOILIECH HA JIyHHATA
ITIOBBPXHOCT, C I0OKa3aHA YCTOMYUBOCT HA ,,HAU3yCTSABAHE"".

3.2.2. CobllleCTBEH NPUHOC € pa3padOTEHUSAT MOJIE] Ha OCHOBara Ha
anropuThMa 3a MHorocnoitHu nepuentpoH mpexu (MIIM) 3a pasmupeno
M3y4yaBaHE Ha CBJIAYMIIHU IpoliecH Ha JIyHaTa ¢ JOKa3aHW BUCOKU CTOMHOCTH
Ha 0o0y4YaBaHHW U TE€CTOBU JIaHHU, HO HIKOU OT TAX JOMYCKAIllM XapakTep Ha
,,HAN3yCTsIBaHE" .

3.2.3. Cw3nmanen ¢ Mojen, OasupaH Ha anroputMu 3a M3KycTBeHHU
HeBponnu Mpexu - JIpn6oko obOyuenue (Deep Learning), cbc 3ammruma
YCIEBAEMOCT TMpPU pa3KpUBAaHE HA CBIAUUINHM MPOLUECH Ha JIyHHATa
MMOBBPXHOCT, C JIOKa3aHa TOYHOCT M ONTHUMAIHOCT 33 YyCTAaHOBSIBAaHE Ha KJiaca
Ha MOJAJICHU JlaHHW, HEW3MOJ3BaHU OT MPEAXOJHUTE JBa MOJENa M Ha
OCHOBaTa Ha KOMTO € u3paboreHa MHBeHTapHa KapTa Ha CBJIAYMILA B JIYHHUTE
Kparepu.

Hayynute ¥ HayYHO-TPWIOKHUTE PE3YJTaTH OT U3BBPIICHUTE
W3CJIeIBAHUS B AUCEPTAMOHHUS TPY]l JOpPa3BUBAT U OOHOBSIBAT TEOPUSATA U
MpakTUKaTa B H3CJE/BaHE Ha cHeuu(UYHU MPOLECH 3a OrpaHMYaBaHE Ha
BB3/ICHCTBUSTA BEPXY KpUTHYHATA UH(DPACTPYKTYpa.

OcHoOBHaTa 4YacT Ha M3CIEIBAHUATA Ca JUYHO JIEJI0 HA JOKTOpaHTa
Bacun Cunsues MopaaHoB, KOMTO peanHo ca 3amounany npe3 2016 roauHa.
To3u cpaBHUTETHO HEKPATHK OMUT B U3CJIC/IBAHE HA CIIENU(PUYHU MPOIECH 3a
orpaHMYaBaHE HA BBH3JIEUCTBUATA BbPXY KPUTHUYHATA UH(GPACTPYKTYpa € eaHa
peanHa 0a3a B IMO-HATaTBIIHU pPa3pabOTKM 3a HEWHOTO IMO-HATATBIIHO
YCBHBBPIUICHCTBAHE.

Ouenka Ha NyOJIUKAIUUTE 110 JUCEPTAUMATA U ABTOPCTBOTO

[To TemaTa Ha IUCEPTAIMOHHMS TPYJ Ca MOCOYEHH 5 MyOIuKaluu. 3 OT
TsX ca B pedepupanu crucanus ( ot xouro 2 myOnmkanuu B International
Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences - ISPRS Archives 1 ny6mmkanus B European Journal of Remote
Sensing). 2 ny6nukaiuu ca B Hepedepupanu uzganus - COOpHUK JOKIATH OT
Hay4yHa KoH(pepeHuus ,bau3kusaT kocMoc - obmia men 10-11 mait 2022
roquHa. B emHa or mnyOnaukanmuuTe € CaMOCTOSITEJNIEH aBTop. B nBe
myOJMUMKaIMu € C €IuH ChaBTOp. B 1Be cbe miecT chaBTOpu. BBB BCHUkM
nyOJIMKaluu B ChaBTOPCTBO, JOKTOPAHTHT € Ha IMbpPBO MsCTO. B enHa e Ha
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BTOpO MsCTO. ToBa IMOKa3Ba, Y€ TOW MPHUHIMITHO € OCHOBEH pa3pabOTUMK Ha
nyoJIMKyBaHaTa HHGOpMaIIUs.
JlutepaTrypHa 0CBeIOMEHOCT M KOMIIETEHTHOCT HA JOKTOPAHTA

JIOKTOpaHTHT M3MOA3Ba 71 JIUTEpaTypHU U3TOYHUKA. 4 OT TSIX ca Ha
KUPHUJIUIIA, & OCTAHAIUTE HA JTATUHUIIA.

B ocHoBara Ha wu3clenBaHUATAa Cca OTYETEHU W3UMCKBAHUATA HA:
Hapenbara 3a penga, HaunHa U KOMIIETEHTHUTE OpPraHH 3a YCTaHOBSBAHE Ha
KPUTUYHHATE WHPPACTPYKTYPH U OIleHKA Ha pucka 3a Tax [1]; JdupekruBara
2008/114/E:O wna cbBera ot 8 gekemBpu 2008 roaWHA OTHOCHO
YCTaHOBSIBAHETO M O3HAYABAHETO HA €BPOIMECHCKN KPUTHIHH WHOPACTPYKTYPH
¥ OIlEHKAaTa Ha HEOOXOJMMOCTTa OT IOJ0OpsBaHE Ha TsIxHaTa 3ammra’ [2];
EBponeiickara kpuTraHa HHGPACTPYKTypa — aHAJIU3 HA HOpMaTHBHATa 0a3a B
EBpona npe3 21 Bek: PernonanHata curypHocT U HE0OXoauMuTe pedopMH B
EBpornetickus cpro3  [3]; 3akoH 3a ympaBieHne W (YHKIMOHHpaHE Ha
cucTeMaTa 3a 3allluTa Ha HanuoHaigHata curypHoct OO6H., JIB, Op. 61 or
11.08.2015 r., B cuna ot 1.11.2015 r. [5]. Hax 90% ot wu3nos3BaHuTe
JUTEPATYPHU U3TOUHUIIM Ca IMyOJIMKYBaHU B TIOCIIETHUTE AECET TOJUHH, KOETO
MOKa3Ba, Y€ JOKTOPAHTHT OTUYMTA C YBEPEHOCT BBB BB3MOXKHOCTTA Ja
U3CIe/[Ba HaIlpaBJCHUE, KOETO HE € OMJI0 B OOEKTUTE Ha Ha HAYYHOTO ThPCEHE
B oOjacTTa Ha Creuu(PUYHM TMPOIIECH 3a OTPAHWYABAHE HA BBH3JICUCTBUSITA
BBPXY KpUTHYIHATA HHPPACTPYKTYpA.

MHoroOpoiiHUTEe  JUTEpaTypHW  HM3TOYHWUIA  HW3IMOJI3BAHH  TIPH
pa3paboTBaHETO HA JUCEPTAIIMOHHMST TPYJ IOKa3BaT BUCOKOTO PAaBHHMINE HA
JUTEpaTypHa OCBEIOMEHOCT M KOMIICTCHTHOCT Ha JOKTOpaHTa Bacwi
Cunsues Hopnanos. Buano e ,ue Toif ymee J1a 0006IIaBa yCTAHOBEHH
Hay4YHU MHEHMS U U3CIIe/IBaHus, C OTJIe] Te Jja ObJaT CpaBHUTEIHA 0a3a 3a 1o-
HATaTBITHO pa3BUBAaHE HAa TEOpUATA W TPAKTUKAaTa B H3CJICIBaHE Ha
crienuUYHU TIPOIIECH 3a OTpaHNYaBaHE Ha BB3JIEHCTBUITA BHPXY KPUTHYHATA
uH(ppPaCTPYKTypa.

6. Ouenka 3a aBropedepara

ABtopedepaTbT € pa3palOTeH Ha OCHOBAaHHME YCTAaHOBEHUTE
W3MCKBAaHUS M TOYHO OTpassiBa pa3paOOTBaHUTE  MPOOJIEMH, KAKTO U
IBTUIIATA 34 TAXHOTO peIIaBaHe, KOUTO Ca MOCOYEHU B JIUCEPTAIMOHHUS
Tpya. Hammcan cbc CTETHAT W siceH CTWJ, aBTOpedepaThT JaBa ISUIOCTHA
npeicTaBa 3a HaydyHaTa CTOWHOCT M IpaKTHYecKaTa TMPUIOKUMOCT Ha
MOCTHUTHATUTE HAyYHH, HAYYHO-TIPHIIOKHHU PE3yATaTH M TPEIIOKEHUS OT
JOKTOPAHTA.
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/. Kputu4Hu 0eJie:kKH
1.Ha ctp. 11 e moBTOpeH aABa mbTH u3pasza: , ToBa mpaBu TemaTa Ha
JUCEPTALIMOHHUS TPYJ HE camMoO akKTyajgHa, HO W HaJlekalla B OTIOBOp Ha
3aIbJIBAHE HA CHIIECTBYBAIlaTa MPA3HOTA B HAYYHOTO MO3HAHUE ",
2.Tabmuua 1.2 - Knacudukamus Ha cBiaumiiara cien Bapuc (1978), mo-
yoeauTenHo 01 Onio TabJIUYHUS TEKCT Jia ce MpeBeie Ha ObATapCKU, Thid KaTo
KOMEHTapbhT 10 Hesl € Ha OBJITapCKH €3UK, ChIIOTO ce OTHAcs U 3a Tabnuia
1.3 -, IIpenpasmonaramy u 3aneicTBanm (GakTopu*, KaKTO M 3a JIPYTUTe
TaOIUIM B TEKCTA HA aHTJIUHACKH €3HK.

8. JIM4yHM BHeYaTJIEHUsI U IPYTU BbIPOCH, IO KOUTO PelleH3eHTHhT CUNTA, Ye
cjeaBa 1a B3eMe OTHOIIIeHHUe

[ToznaBam poktopanTa ot 2022 roguHa OT IMPEACTaBEHUTE TOKIAIN HA
Hay4yHaTa KoH(pepeHuus ,,bianskust kocmoc - oo6ma uen® 10 - 11 mait 2022
roguHa. [IpaBum BredariieHWe HeroBaTra 3aabi004YeHa IMOATOTOBKA IIO
OTHOIIIEHUE H3CJIe/IBaHe Ha CcHelUUYHUTE TMPOIECH 3a OTpaHWYaBaHE Ha
BB3JICUCTBUATA BBPXY KPUTHUHATA HH(PPACTPYKTYpa.

9. 3akiloueHue

JlucepTallMOHHUAT TPYI, pa3paboTeH OT nokropaHTa Bacun CuiiBuen
MopnaHoB e 3aBbplIeH HAydeH TPyHA, KOWTO MMa TOJsAMO 3HAYeHHE B
U3CIIe/IBAHUATA Ha creuuuuHUTe  MPOIECH 3a OrpaHMYaBaHe Ha
BB3JICUCTBUATA BBPXY KpUTHUIHATA WH(DpacTpykTypa. PazpaboTeH € B IBJIHO
ChOTBETCTBUE C W3HWCKBAaHMSITA Ha 3aKOHA 3a PA3BUTHETO HA aKaJICMHYHUS
cbecTaB B PenyOnuka bbiarapus 3a npugodrBaHe Ha 0Opa3oBaTeIHA U HAy4YHA
crenieH “/lokrop”, IIpaBuiHMKA 32 HETOBOTO MPWJIOKEHWE W HOPMATHBHATA
ypenda na HBY ,,Bacuin JleBcku®.

10. Ouenka Ha qUCEPTAIUOHHUS TPY/

Ha ocHoBaHme Ha TIOCTHTHATUTE HAYYHH U HAYYHO-TIPHIIOKHHU
pe3yiTaTi B IMCEPTAIIMOHHMS TPYHd W yCIEIIHATa Hay4YHOU3CIIeTOBATEICKA
JEWHOCT Ha JOKTOpAaHTAa CbM JBJIOOKO YOEJeH B CBOSITA MOJIOKMTEJIHA
OlleHKA, W MpeAiaraM Ha MHOTOYBa:KeMUTE YIeHOBE HA HAYYHOTO KYPH
NPUCHKIAHETO HAa HAaydyHaTa W o0pa3oBaTeiaHaTa CTEIeH ,,JoKTop~ Ha Bacun
CuiBueB MopraanoB B obnacT Ha BuciieTo obpasosanue 9. ,,CUTYPHOCT H
orOpana® Ilpodecnonamno nampaBnenue 9.1. ,Harmumonamna curypHoct®,
Hayuna cnemmannoct ,,OpraHm3aiuss W yhpaBlicHHEe W3BBH cdepaTa Ha
MaTEPUAIHOTO MPOU3BOJICTBO (HAIIMOHAIHA CUTYPHOCT) " .

Jara: 07.08.2022 PenienseHt:

Benuko TspHOBO npod.axH uHx. Muxaun Xapagamnuen
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1. Relevance and significance of the developed scientific problem

The relevance of the dissertation work is undoubtedly defined by finding new
and interpreting existing approaches to improve the methodology in the study of
specific processes to limit the impacts of critical infrastructure and their impact
on the security system. Proof of this is that no complex scientific-methodical and
scientific-practical studies and analyzes related to the field, developed by other
authors, have been noticed.

The significance of the dissertation problem is related to the human endeavor
in search of alternative forms and places of life, parallel to the exploration of the
Earth. This is because at the beginning of the 21st century several space agencies
- government and private - expressed interest in other planets. The goals are not
just to land on the Moon or Mars in a given area. Undoubtedly, they are aimed at
establishing temporary and permanent bases with human presence. There are
projects, the development of which aims to ensure the sustainable functioning of
various sectoral infrastructures to support human-friendly conditions. This
includes life support systems, transportation, communication and navigation
systems, energy systems.

Since the Moon is the closest space body, it is the most accessible for research
and validation of the necessary systems and technologies for human bases. This,
in turn, would lead to the use of the Moon as a way station on the way to human
settlement of Mars. This is confirmed by scientific studies that claim that the
resources needed for energy and minerals on Earth are limited, which also leads
to the need to develop technologies to use raw materials from other planets. At
the moment, the presence of water, iron and other elements necessary for the
production of oxygen, nuclear energy has been established on the Moon. It is an
indisputable fact that the implementation of an intermediate project for the
production of these substances and elements will ensure a reduction in costs
compared to their extraction and processing on Earth.

It should be emphasized that the topic of the dissertation work is not only
current, but also a work that fills a real gap in this scientific knowledge. On the
other hand, the dissertation builds on a previous development of the doctoral
student, as part of the cooperative project ,,Moon Mappin” between Italy and
China, which proposed a method for detecting landslides in lunar meteorite
craters through mathematical models. The proposed approach establishes
satisfactory results, but also leaves a number of open questions, which are mainly
related to its precision and extended application.

The formulated working thesis confirms the relevance of the dissertation
work. It is based on the fact that the critical infrastructure of the Earth is defined
by the legislative framework of a country or community, and the approaches to
limit the impact of destructive processes on it are adapted to limit the specific
processes of another planetary body to maintain the sustainability of the systems

Page | 12



to maintain a human presence on its surface, consistent with its potential critical
infrastructures.

Based on the accepted working thesis, the doctoral candidate Yordanov
formulated the goal of the dissertation work — to research and establish a
sustainable approach to limit the impact of specific processes on the critical
infrastructure and create a model of inventory landslide maps of the Moon,
which would be easily applicable to other planets.

Achieving the goal of the dissertation is through solving the following private
research tasks:

o Exploring the theoretical and normative foundations of critical
infrastructure.

o Analysis of the existing methodology for the study of the specific
critical infrastructure and the results of its applicability.

o Creation of a model based on artificial intelligence to recognize and
limit the impact of specific landslide processes on critical infrastructure.

The object of scientific research is the specific landslide processes and their
impact on the critical infrastructure of the Moon.

The subject of the scientific research is the analysis and evaluation of the
methodology for research and limitation of the impact of the specific landslide
processes on the critical infrastructure.

The obtained scientific and scientific-applied results confirm the
correspondence of the topic of the dissertation work with the content of the
development.

2. General characteristics and structure of the dissertation work

Achieving the goal and solving the tasks of the scientific research is through
the used scientific research methods, grouped into the following two groups:

o theoretical methods: systematic, logical, analytical, interdisciplinary
approaches, risk theory, probability theory, statistical methods, the toolkit for
mathematical analysis, system analysis and synthesis, comparison,
concretization, generalization, induction and deduction, analogy and others
known to public- scientific knowledge methods and means;

o empirical methods: observation, measurement, experiment, prediction,
data processing through Chebyshev polynomials and polynomial approximation
through Chebyshev, algorithms for artificial intelligence through binary and
multiclass classification, and others.

For ease of use and visual illustration, the obtained final results (schemes,
graphs, statistical and graphical interpretation of the studies) are indicated in a
finished form, using MATLAB and a software solution migrated to the Python
environment.

The following are used as a starting point: the European and national
legislative framework of critical infrastructure; the updated national security
strategy; methodology and results of the Italy-China Moon Mapping cooperative
project with the permission of its participants; WAC (Wide Angle Camera)
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images and 100 m x 100 m Digital Elevation Model (WACGDL100 DEM)
acquired by the LRO NASA mission; the ideas of leading theorists and
researchers from leading space agencies, presented in scientific and journalistic
publications, books, articles.

The final results of the study are presented in a complete form, which is
achieved within 167 pages. Main text - 157 pages. Appendix 1 on 158 pages,
literary sources - 71 (whose scientific-applied value and authority of the authors
cannot be doubted), number of figures - 61, number of tables - 21, number of
appendices - 1 , number of publications — 5.

The structure of the dissertation reflects the set goal, the research tasks, the
working thesis, the object and the subject of the research. The dissertation
contains an introduction, three chapters, conclusions, proposals, conclusion,
scientific-applied and practical-applied contributions, used and cited literature,
list of figures, list of tables, appendices, declaration of originality, list of
publications and used abbreviations.

In the introduction, the relevance of the dissertation related to the nearest
cosmic body - the Moon - is indicated. It is emphasized that it is the most
accessible for research and validation of the necessary systems and technologies
for human bases. Undoubtedly, this will also lead to the use of the Moon as a
way station on the way to human settlement of Mars. It is true that with the
development of technologies and missions to explore the Moon by leading space
agencies, the use of remote sensing data with sufficient spatial resolution will
remove distance as a limitation, allowing scientific communities to study the
lunar surface in detail, as well as the processes that affect it.

In the first chapter, ""Theoretical overview of critical infrastructure', the
doctoral student focuses on: the essence of the conceptual apparatus, the types of
critical infrastructure and the normative framework, the critical infrastructure as
an element of the security system (the impact of the factors of the security
environment on the critical infrastructure and also the possibilities to counter
risks and threats to critical infrastructure), specifics of lunar infrastructure and
interaction with Earth infrastructure (lunar infrastructure, outer space treaty,
potential lunar infrastructure, specific critical infrastructure, ways to limit the
impacts of landslide processes); surface and geological processes of the Moon
(tectonic activity, volcanism, meteorite impacts: mechanism of formation of
meteorite craters, types of craters, erosion processes, relationship of landslide
processes on Earth and on the Moon with infrastructure and critical infrastructure
- comparative analysis, landslide processes on Earth and Lunar Landslide
Processes).

The conclusions to the first chapter convincingly show that the doctoral
student has thoroughly studied the conceptual apparatus related to the study of
specific processes for limiting the impacts on critical infrastructure, as well as
the research plans of leading space agencies that conduct similar scientific
research. The PhD student proves that the terminology can be transferred from
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the national level to the international level and accordingly the basic principles of
Cl can be adapted for another terrestrial-type space body. | accept that this
allows one to define and distinguish five main infrastructure sectors necessary
for the existence and operation of a permanent base on the surface of the Moon.
Accordingly, it becomes possible to provide a self-sustaining, sustainable and
permanent human presence through: energy systems, communication and
navigation systems, transportation systems, life support systems and systems for
the use of resources in place.

In the second chapter ""Methodology for research and analysis of the
specific infrastructure', the following are thoroughly examined: Methodology
for limiting landslide processes, presenting an overview of the applied methods
for visual recognition of landslides on the lunar surface and an overview of
already applied methods using Chebyshev polynomials for landslide recognition
and approximation of cratering processes ( Introduction to Chebyshev
polynomials, mathematical theory, important properties of Chebyshev
polynomials, computational procedure, application of Chebyshev polynomials,
process of approximation of crater profiles, analysis of odd Chebyshev
coefficients, analysis of the residuals of approximation by the odd Chebyshev
coefficients using adaptive and fixed criterion, implementation of crater
approximation process and landslide recognition in MATLAB).; the sources of
data for research and study of landslide processes on the Moon (Lunar
Reconnaissance Orbiter (LRO) - NASA and vector shapes of craters with 5 < D
< 20 km) were thoroughly analyzed; the case studies of the research are
presented (previously used case studies, as well as extended case studies);
software solutions for the study of lunar missions (software motivation, the
Python programming language, the code in the Python environment, as well as
other software, packages and services) are analyzed in sufficient depth.

I accept the conclusion that an applicable method for recognizing craters on
the lunar space is the Chebyshev polynomials, which, as is known, are a series of
orthogonal polynomials. Each of these polynomials is indeed of unique and
uncorrelated form with respect to the other terms. Since these polynomials offer
an extremely low error value, they are applicable to the approximation of crater
cross-sections. And indeed, in this way, it is actually possible to classify the
craters according to their morphological features (in case they have terraced
walls, a central peak or slope, etc.). In this way, the asymmetry component that
would appear when approximating a cross profile can undoubtedly is separated.

The PhD student is rightly guided in the use of open source software (OSS)
as they have proven advantages. On the other hand, the use of these softwares is
conditioned by open science, as a priority of the EC supported by open
softwares. On this basis, the doctoral student proves that the proposed software
solutions allow different types of machine learning models and the determination
of the belonging of a height profile to one of the three classes - without landslide,
with landslide or deformed.
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In the third chapter "A model for recognizing and limiting the impact of
specific landslide processes on critical infrastructure through the use of
artificial intelligence™ are analyzed: the general setting of the model based on
the methodology of artificial intelligence (machine self-learning - decision trees;
multi-layer perceptron networks (Multi-layer Perceptron Networks); deep
learning (Deep Learning) and model validation); results from application of
previously proposed methods are reflected (review of results from previous
applications of Chebyshev polynomials - analysis of approximation residues
from Chebyshev coefficients, application of 51 craters; extended application of
analysis of approximation residues from Chebyshev coefficients; research of the
applicability of an adaptive and fixed threshold criterion - application of Group 11
extended cases); an exploratory analysis of the Chebyshev coefficients is shown;
the results of applying the Random Forest algorithm (binary classification and
multiclass classification) are shown; results of the application of algorithms for
artificial neural networks are shown (variant multi-layer perceptron networks
(Multi-layer  Perceptron  Networks, binary classification, multi-class
classification); Results of the application of algorithms for artificial neural
networks are reflected - variant Deep Learning (Deep Learning) and so is a
software solution.

The conclusion made that the models based on the application of multilayer
perceptron networks and deep neural networks have higher values of the
evaluation metrics and with them overcome the so-called "memorization” of the
models is correct. A good achievement is the proof that the model created by
deep neural network for multi-class classification, estimated with 95% accuracy
in the training stage and 90% in the testing stage, is the most accurate of the
applied ones and allows to be used to prepare the inventory map of lunar
landslides craters.

3.1 Characteristics of the scientific and scientific-applied contributions
in the dissertation work. Credibility of the material.

The achieved goal of the research and the solved research tasks show that the
dissertation work is fully completed. Based on the study of an extensive number
of literary sources, the doctoral student has successfully carried out an in-depth
study of specific processes for limiting impacts on critical infrastructure. His
research ends by offering interesting new scientific and scientific-applied results
and proposals for further research work.

3.1. Scientific results:

3.1.1. | accept that the theoretical propositions related to the conceptual
framework and methodology for the study of specific processes of the lunar
space and the risks to the critical infrastructure of the Moon have been further
developed.

3.1.2. A significant scientific contribution is the enrichment of the
methodology based on Chebyshev polynomials for studying the specific
landslide processes and limiting their impact on the critical infrastructure of the
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Moon.

3.1.3. New knowledge was generated by creating a new methodology based
on artificial intelligence to study and analyze specific landslide processes on the
lunar surface, and a third class of "deformed" height profiles of landslide
processes was discovered.

3.2. Scientific and applied results:

3.2.1. A major contribution is the proposed model based on the principle of
decision trees ("Random Forest") algorithm for the recognition and limitation of
landslide processes on the lunar surface, with proven resistance to
"memorization”.

3.2.2. A significant contribution is the developed model based on the
Multilayer Perceptron Networks (MPN) algorithm for extended study of
landslide processes on the Moon with proven high values of training and test
data, but some of them admitting the nature of "by rote".

3.2.3. A model based on algorithms for Artificial Neural Networks - Deep
Learning was created, with a defensible success rate in revealing landslide
processes on the lunar surface, with proven accuracy and optimality for
establishing the class of input data, unused by the previous two models and on
the basis of which an inventory map of landslides in lunar craters was prepared.

The scientific and scientific-applied results of the research carried out in the
dissertation further develop and renew the theory and practice in the study of
specific processes for limiting the impacts on the critical infrastructure.

The main part of the research is the personal work of the doctoral student
Vasil Silviev Yordanov, which actually started in 2016. This relatively short
experience in researching specific processes to limit impacts on critical
infrastructure is a real base in further developments for its further improvement.

4. Evaluation of dissertation publications and authorship

5 publications are listed on the topic of the dissertation. 3 of them are in
refereed journals (of which 2 publications in the International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences - ISPRS
Archives 1 publication in the European Journal of Remote Sensing). 2
publications are in non-refereed editions - Collection of reports from the
scientific conference "Near space - common goal" May 10-11, 2022. One of the
publications is an independent author. He has one co-author in two publications.
In two with six co-authors. In all co-authored publications, the PhD student
comes first. In one it is in second place. This shows that he is basically the main
developer of the published information.

5. Literary awareness and competence of the doctoral student

The doctoral student used 71 literary sources. 4 of them are in Cyrillic and the
rest are in Latin.

At the basis of the research, the requirements of: the Ordinance on the order,
manner and competent authorities for establishing critical infrastructures and
assessing their risk [1] have been taken into account. Council Directive
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2008/114/E:O of 8 December 2008 on the establishment and designation of
European critical infrastructures and the assessment of the need to improve their
protection” [2]; European critical infrastructure - analysis of the regulatory
framework in Europe in the 21st century: Regional security and necessary
reforms in the European Union [3]; Law on the Management and Functioning of
the System for the Protection of National Security Promulgated, SG No. 61 of
11.08.2015, in force since 1.11.2015 [5]. More than 90% of the literature sources
used were published in the last ten years, which shows that the doctoral student
reports with confidence in the possibility of researching a direction that has not
been in the objects of scientific research in the field of specific processes for
limiting impacts on critical infrastructure .

The numerous literary sources used in the development of the dissertation
show the high level of literary awareness and competence of the doctoral student
Vasil Silviev Yordanov. It is evident that he is able to summarize established
scientific opinions and studies, with a view to their being a comparative basis for
further development of theory and practice in the study of specific processes for
limiting the impacts on critical infrastructure.

6. Evaluation of the abstract

The abstract was developed on the basis of the established requirements and
accurately reflects the developed problems, as well as the ways to solve them,
which are indicated in the dissertation work. Written in a concise and clear style,
the abstract gives a comprehensive idea of the scientific value and practical
applicability of the achieved scientific, scientific-applied results and proposals of
the doctoral student.

7. Critical notes

1. On page 11, the phrase is repeated twice: "This makes the topic of the
dissertation not only relevant, but also urgent in response to filling the existing
void in scientific knowledge".

2. Table 1.2 - Classification of landslides after Varnes (1978), it would be
more convincing to translate the table text into Bulgarian, since the comment on
it is in Bulgarian, the same applies to Table 1.3 - "redisposing and triggering
factors factors™, as well as for the other tables in the English text.

8. Personal impressions and other matters on which the reviewer
considers it necessary to take a position

| know the doctoral student of 2022 from the reports presented at the scientific
conference "Near Space - Common Goal" May 10 - 11, 2022. His extensive
training in researching specific processes to limit impacts on critical
infrastructure is impressive.

9. Conclusion

The dissertation work developed by the doctoral student Vasil Silviev
Yordanov is a completed scientific work, which is of great importance in the
research of the specific processes for limiting the impacts on the critical
infrastructure. It was developed in full compliance with the requirements of the
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Law on the Development of the Academic Staff in the Republic of Bulgaria for
the Acquisition of the Doctoral Educational and Scientific Degree, the
Regulations for its Application and the Normative Regulations of Vasil Levski
National Military University.

10. Evaluation of the dissertation work

On the basis of the achieved scientific and scientific-applied results in the
dissertation work and the successful research activity of the doctoral student, |
am deeply convinced of my positive assessment, and | propose to the
respected members of the scientific jury to award the scientific and
educational degree ""Doctor' to Vasil Silviev Yordanov in the field of higher
education 9. "Security and Defense" Professional direction 9.1. "National
security", Scientific specialty "Organization and management outside the sphere
of material production (national security)".

Date: 07/08/2022 Reviewer:
Veliko Tarnovo Prof. DSC. Chem. Eng. Mihail Haralampiev
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