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MN3CJIEJIBAHE HA CIIEHU®UYHU ITPOLECH 3A OTPAHUYABAHE HA
Bb3JENCTBUATA BbPXY KPUTHUYHATA HHOPACTPYKTYPA
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ObJacT Ha Bucmero oopazosanue 9. ,,Curypsnocr u oropana*
IIpodecnonanno nanpasiaenne 9.1. ,Hannonanna curypaocr*

Hayuyna cnenuajnoct ,,Opranusanus u ynpasJjieHHe H3BBbH c(pepaTa Ha MATEPUATHOTO
NMPOU3BOACTBO (HALMOHAJHA CUTYPHOCT)

Hayuen pbpkoBoauTEN: Jouent noxrop Hukomnaii Togopos JloT4MHKOB
HayuyeH KOHCYJITAHT: [Ipodecop noktop Ha HaykuTe Cenanuna Mnuesa lumutpona
Penenszenrn: 1.
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JlucepTaliuOHHUAT TPYA ce CbCTOM OT 167 cTpaHunm.
OcHoBeH TekeT — 157 cTrpanuum

IIpunoxenns — 1 npuiioxenne Ha 158 crpanuna
JluTepaTypHH U3TOYHUIHU — 6 CTPaHMIU

Bpoii Ha smTepaTypHuTe H3TOYHMIM — 71

bpoii Ha purypure - 61

Bpoii na TadauuuTe - 21

bpoii Ha npuioxkeHusTa - 1

Bpoii Ha my0ukanuure - 5

3ammurara Ha JUCEPTAIIMOHHUS TPYI mie ce cheTor Ha 19.09.2022 1. ot 11.00 vaca B yuebeH
kabuner Ne 3226, BTOpM eTax, TpeTH yuyeOeH Kopmyc Ha ¢akynrteT ,,O0IIOBOHCKOBH B
Hannonanen BoeHeH yHuBepcurer ,,Bacui JleBcku®, paiion Bennko TspHOBO.

MarepuanuTte 1o 3al1UTaTa ca Ha pa3noJloKeHNE Ha MHTepecyBamuTe ce B IHCTUTYTA 3a
Hay4yHOM3CIIeI0BaTeNICKa 1 NHOBAIIMOHHA JIelHOCT Ha HalmoHaneH BoeHeH yHUBEpCUTeET ,,Bacui
JleBcku®.
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JlucepTalmoHHUAT TPy € 00CHIEH U HACpOUeH 3a 3ammTa Ha 19.09.2022 r. Ha kaTeapeH
ChBET B KaTezapa ,,JIorucTuka Ha curypHoctra™ ot dakyarerT ,,O0moBoiickoBu™ Ha Hanmonanen
BOEHEH YHUBEpCUTET ,,Bacui JleBcku®, mo HayyHata cneruaitoct ,,OpraHu3aius 1 yrnpaBiieHUue
U3BBH cepaTa Ha MATEPUATHOTO MPOU3BOJICTBO (HALMOHAIHA CUTYPHOCT) ChIVIACHO MTPOTOKOI
Ne 22/16.06.2022 r. u e yTBBpAcH ¢ mpoTokos Ne2/24.06.2022 r. or dDakynTeTHUS CHBET Ha
dakynrer ,,00moBoiickoBu 1 mpoTokoa Nel193/05.07.2022 r. na Axkagemuunus cpBeT Ha HBY
,,Bacun JIeBcku“.

ABTOPBT Ha JIUCEPTALMOHHMS TPYJ € JOKTOPAHT Ype3 CaMOCTOATEIHa MOATrOTOBKAa B
Karenpa ,Jloructuka Ha curypHOCTTa™ OT (pakynrer ,,O0mOBONCKOBH HAa HammoHaneH BOCHEH
YHHUBEpCUTET ,,Bacui JleBcku®.

JIOKTOpaHThT paboTH KaTo HaydeH u3ciienoBaren B [lonuTexHWYecku YHHUBEPCUTET
Munano.

Asmop Bacun Cuneues Hopoanos

3aenasue: ,, M3cneoeane na cneyughuunu npoyecu 3a o2panuyasane Ha 6b30eUCMEUIMA BbPXY
Kpumuuxnama ungpacmpykmypa “.

Tupaoic: 12 op.

Omneyaman na 24.06.2022 2.

Ileyamna 6a3a ,, Pycencku ynusepcumem*, ep. Pyce



N3nos3BaHu cChKpanieHust

AOHU Paiion Ha unTEpec (OT aHTII.)
BII Bucounnen npodun
I'c ['eorpadckn nHPOPMAIIMOHHU CUCTEMU
JB JbpkaBeH BECTHUK
EK EBponeiicka komucus
EKA EBporneiicka Kocmuuecka Arennus
EKI EBponeiicka KpuTr4Ha HHPPACTPYKTYpa
EC EBporneiicku cbro3
nn M3KyCTBEH UHTENEKT
KU1 Kputnuna uagpactpykrypa
MIIM MHOroca0iMHu NepUenTpOH MPEKU
HACA HarmonanHo yrnpaBieHue 1o Bb3AyXOIJIaBaHE U U3CIIeBaHE HA
KOCMHMYECKOTO TTPOCTPAHCTBO (OT aHTJL.)
OOH Opranuzanus Ha O6equaennte Harumn
CAILL Crenunenu Amepukancku Llatu
CKHU Crneunduyna KpuTuyHa UHPPACTPYKTypa
COK Codryep ¢ 0TBOpeH KoA
HEM [{udpos eneBarmoHeH MoieT




I. OBIIA XAPAKTEPUCTUKA HA TUCEPTAIIMOHHUSA TPY J{

AKTYAJIHOCT HA TPOBJIEMA

[ToBbpxHOCTTa Ha 3eMsTa Ce IPOMEHS C TEYECHHE Ha BPEMETO MO/ BIMSHUETO Ha Pa3IMuHU
BBHIIHU (PaKTOPH (TEKTOHU3BM, BYJIKAHU3bM, €pO3Us WIM METEOPUTHHU yaapu). Te3u mporecu
BIIMSIAIT HE CaMO Ha Halllara IJIaHeTa, HO U Ha BCUYKM IUIAHETH OT 3€MEH THUIl, KOUTO ca OOBUTH
ChC CKaJHa Kopa. Kato eHu OT Hali-4ecTo cpelaHuTe pa3pynTeIHd CbOUTHS MOTaT Ja Obaar
IPUETH CBJIAUUIIHUTE IpouecH. Te ce mnosBsBaT B pa3auyHd (GopMu, NpH pa3IndyHU
0OCTOSITENICTBA, C pa3IMyHa pa3pyLINTEIHa UHTEH3UBHOCT. BCsiko eTHO IBMKEHUE HA 3eMHa Maca,
CKJIHU OTKBCU WM OTJIOMKH, O] JEHCTBUE Ha IpaBUTALMATA, MOXKE JAa ObJe NpHUETO 3a
cBiaynie. MexaHU3MHTE Ha JIBKCHHE Ha TE3HM MPOIECH Ca 3aBUCHMH OT MHOTO (hakTopu —
HaKJIOH Ha TepeHa, TUIl MaTepuall, KOUTO OMBa mpemecTeH, 00eM IPEMECTeH MaTepuall U T.H.
JIBIDKEHMSITa Ha CBIAUUIIHUTE MpPOIEecH MoraT Ja ObAaT TUN MOTOLHM, IPHUILTH3BAHMA,
npeoOpblLIaHus WK cpyTuiia. Karo pasmep MoraT aa ObAatT OT ajHANO0 [apye CKajla 10 OrPOMHHU
nmoaBoHM cBiaunmia. Ha 3emsaTa Bojgara € B OCHOBaTa Ha MOBEYETO CBJIAYMILATA, OMJIO TO MOJ
¢dopmara Ha IbKJ WIK OT UHTEH3UBHO CHerororneHe. JlokaTo Ha miaHeTu 6e3 aTMocdepa UiH ¢
He3HauuTelHa TakaBa (karto Jlynara mnam Mapc), Hali-uecTuTe NPUYMHM 32 CBJIAYMINA ca
CEeM3MHMYHUTE TPYCOBE, IPUUUHEHN OT METEOPUTHH yJIapH.

[To mogobue Ha 3emsTa, MecTaTa KOMTO Ca Hal-penpas3noiIoKEeHN KbM CBIMYAaHUS Ha
MacH, ca palloHu C rojisiM HakJIOH. TakuBa MecTa IO MOBbpPXHOCTTa Ha JlyHaTa ca OCHOBHO
CTEHUTE B KyXHHHTE, 00pa3yBaHH MPH COIIBCHK Ha METEOPUTHO TSUIO C IUIAHETHATA MMOBBPXHOCT,
WM TaKa HapeyeHUTe METEOPUTHHU KpaTepHu. Jlopu u mpu no-cinaba rpaBuTalys U JIMICa Ha BOAA,
KOHUTO ca npeapasnoiaramy (GakTopH 3a CBIIAYMIIA HA HallaTa IJIaHeTa, Ha JlyHaTta cBinauunmara
ca ChIIOCTABUMH 10 MEXaHU3bM U AWHAMHKA C OOIIONPUETUTE KIacu(UKALIMK Ha 3eMsTa.

B TBpcene Ha anTepHaTHBHU (POpPMHU M MecTa 3a )KUBOT, MAPAJICITHO C MMPOYyYBAHUATA Ha
3eMmsTa, B NOCIEIHUTE TOAMHU PEAMIIa KOCMUYECKH areHIUN- IbPKABHU M YaCTHU- MPOSBABAT
MHTEpPEC U KbM JIpYTH IUIaHeTdu. Te ce oOpbhIaT ¢ HOB MOTJIE[ KbM KOCMHYECKHUTE MHCHU Ha
Jlynata u Mapc. karo amMOMIMHUTE Ca MHOIO IO-TOJIEMH OT Te3M 3a KallaHe Ha TEeXHHUTE
MOBBPXHOCTU. VIHTEpEeChT UM Beue € HaCOUeH KbM YCTAaHOBSIBAHETO HA BPEMEHHU M MOCTOSTHHU
06a3M ¢ YOBEIIKO IPUCHCTBHE. 3a TOBAa CBUJAETEJIICTBAT MHOXKECTBOTO IPOEKTH, YUETO
pa3zpaboTBaHE € C IIeJl OCUTypsIBaHE Ha yCTOMYMBO (YHKIIMOHHpAHE Ha PA3JIUYHU CEKTOPHU
MHOPACTPYKTYPH 3a NOIPBAKKA Ha OJaronpusTHU 3a YoBeKa ycioBusl. [IpenBapurenHuTe HayqYHU
MIPOYYBAHMS M aHAJIHM3H ITOKa3Bat, 4e Ha JlyHaTa Ma HAIMYHH €JIEMEHTH, KOMTO Ja MOTaT Ja ce
M3II0JI3BAT 3a MOAIBbPKAHETO HAa XaOUTaTH U MPOU3BOACTBO HA ropuso. [lnanupar ce u cucremu
3a 1OOMB M U3IOJI3BAaHE HA PECYpCH HAa MACTO, T.€. JUPEKTHO Ha JIyHHAaTa IMOBBPXHOCT,
HaMaJIsiBallku Hy’)kKJaTa OT TPAHCIOPTUPaHE HAa CHOTBETHUTE CYPOBHHHU OT 3emsTa. 3a Haii-
MOAXOSIIN PAaiOHU 32 YCTAaHOBSBAHETO HA YOBEIIKHM 0a3W ce mpuemar Te3u OKoJjo (1o Ouiara)
WJIN 10 ABHOTO Ha METEOPUTHU KpaTepH.

[IpenBapuTenHuTe HAYYHH IPOYYBAHHS U aHAIHM3H MTOKa3BaT, 4e Ha JlyHaTa nMa HaIMIHH
€JIEMEHTH, KOUTO J]a MOT'aT Jia Ce M3MOJI3BaT 3a NOJIbP’KAHETO Ha XaOUTaTH U MPOU3BOJCTBO Ha
ropuBo. [Imanupat ce u cuctemu 3a 10O0UB U U3MOJI3BAHE HA PECYPCH HA MACTO, T.€. TUPEKTHO Ha
JyHHaTa MOBBbPXHOCT, HAMAJISIBAMKHN HyX/1aTa OT TPAHCIIOPTUPAaHE HAa ChOTBETHUTE CYPOBHHHU OT
3emsTa. 3a Hal-MOIXOIIN pallOHM 32 YCTAHOBSBAHETO HA YOBELIKU 0a3H ce MprueMaT Te3U OKOJI0
(mo Owmutara) WM Mo AbHOTO Ha METEOPUTHH KpaTepH.

[TomoOHO Ha KpHUTEpPHHUTE W TPOUEAYPHUTE 3a YCTAaHOBSBAHE Ha €JHA KpPUTHYHA
UHPACTPYKTypa Ha 3eMsTa, peaulia CIeHUAINCTH ca HA MHEHHE, Y€ T€ MOrar J1a ce 3aMMCTBAT U
MIPUIIOXKAT 32 OBJICIN CUCTEMH Ha JAPYTH TUTaHeTHH Tea. ChOTBETHO TOBA BOIM U 10 U3TOTBSHETO
Ha HEOOXOIMMHUTE MEPKH 32 3alllUTa Ha Te3U MOTEHIIMATHO KpUTUYHHU HH(PACTPYKTypH, KaTo Hail-
YecTo Te3M MpPOLECH 3amo4yBaT OT ChOMpPAHETO HAa HEOOXOAMMHTE 3a aHalu3 JaHHU, 4pe3
NpOoyYBaHMs M cbOMpaHe Ha MHpopManus Ha MscTo. Koraro ToBa He € Bb3MOXKHO C€ M3I0I3BaT
Beye J100pe pa3BUTUTE CUCTEMH 3a IMCTAHIIMOHHO Ha0II0AeHNEe, OOMKHOBEHO Ype3 U300paskeHus
U JIaHHU OT UHCTPYMEHTH Pa3MOJI0KEeHN Ha CATeIUTH.
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Ot TyK npobremamuxama no memama € TPEIU3BUKAHA OT MPOTHBOPEUYHUETO MEKIY
TEOPETUYHOTO OCMHCIISIHE Ha HaydHUTE (PaKTH U MU3CIICIBAHHUS OT €IHA CTpaHa M OT Apyra -
HAJIMYMETO Ha KOH(JIMKTH M 3aTPYAHCHHUS, MPOSBEHU B XOJa Ha MPUIOKUMATa METOJMKA 3a
W3CJIe/IBAaHE HA CIICIM(UIHM CBIAYMIIIHU MTPOILIECH BHB BUPTYaJIHA Cpeia.

Momusume 3a uz360p Ha memama Ha TUCEPTALUOHHUS TPY]l K HACOUCHOCTTA HA HAYYHUTE
TBPCEHUSI Ca OpPUEHTHPAaHUW KbM apryMeHTalus, CBbp3aHa C HAMUPAHETO HAa HOBU U
MPUCIIOCOOSBAHETO HAa CHINECTBYBAIIUTE MOAXOAN 32 YCHhBBPIICHCTBAHE HA METOJIOJIOTHSTA 32
W3CIIeIBaHEe Ha CIEeNU(UYHN TPOIECH 3a OrpaHUYaBaHE Ha BB3JCHCTBHUATA HAa KPUTHYHATA
HHDPACTPYKTypa U OTPAKEHUETO UM BBPXY CHCTEMaTa 3a CUTYPHOCT. Helo moBeue, CTpeMexbT
€ KbM Ch3/IaBaHETO HAa KOHIICTITYaJICH MOJIEJI 3a YIIPABJICHHE Ha Te3H Iporiecy. M300pbT Ha TemaTa
ce o0yciaBsi M OT HUCKaTa CTEIeH Ha pa3paboTeHOCT Ha mpobiema. He ce oTkpuBaT KOMITJICKCHU
HayYHOMETOUYCCKH U HAYYHOIIPAKTUUECKH M3CJICIBAHUS U aHAIM3H 10 TeMara.

Axmyannocmma Ha TeMaTa Ha TUCEPTAIMOHHUS TPY[ € NeuHUpaHa OT:

v Jlynara e 6uiia u € 00EKT Ha MHOTOOPOMHHM U3CJICIBAHMS, KOMTO Ca OT 10J13a 32 I0-
n00poTO pazbupaHe KaKTO Ha HalllaTa IJIaHeTa, Taka M Ha JPYTd KOCMUYECKU Teja, KaKToO U 3a
YCTaHOBSIBAHETO HA MOCTOSIHHO YOBEIIKO MPUCHCTBUE HA JIpyra IJIAHETa,

v KaTo HaW-O0JM3KO KocMudecko Tsuio JlyHara € Hail-IOCThIIHA 3a MPOyYBaHE U
yTBbPXK/AaBaHe HAa HEOOXOIMMHUTE CUCTEMU U TEXHOJIOTUH 32 YOBelIKU 0azu. ToBa oT cBos cTpaHa
MOJKe€ J1a TOBEJE /10 M M3I0JI3BaHeTO Ha JIyHaTa KaTo MeXAMHHA CTAHIIUS 110 TS Ha YOBEIIKOTO
yCcTaHOBsIBaHE Ha Mapc;

v pecypcute, HEOOXOUMU 3a €HEprus, U MUHEpAJIUTE Ha 3eMsTa ca OrpaHHUYCHH,
KOETO BOJM U JI0 HEOOXOIMMOCTTa OT Pa3BUTHE HA TEXHOJOTHHU 3a M3MOJ3BaHE HA CYpOBUHU
JTUPEKTHO OT APYrH IiaHeT. KbM MOMEHTa € YCTaHOBEHO HAJIMYMETO Ha BOJA, XKEJISI30 U IPYTU
€JIEMEHTH, HEOOXOIUMH 3a MMPOU3BOJICTBOTO HA KUCIIOPOJ, sIAPEHA eHEPrus (HarpuMep Xeauin-3).
A TOBa OT CBOsI CTpaHa AUPEKTHO BOAM 10 HaMaJIIBaHE Pa3XOJMUTE B CPABHEHHUE C U3BIUYAHETO
UM OT 3eMsITa;

v C Pa3BUTHETO HA TEXHOJIOTUUTE U MUCUUTE 3a u3cienBaHe Ha JlyHara oT Boaemu
KOCMUYECKH arcHIUU, W3IMOJI3BAHETO HA JaHHU OT JUCTAHIMOHHU HAOIIOICHMS C JOCTaThYHA
MIPOCTPAHCTBEHA PE3OJIIOIHUS MPEMaxBa Pa3CTOSHUETO KaTO OTPaHUYCHHE, KOETO MO3BOJISIBA HA
Hay4YHUTE OOIIHOCTH J1a U3y4yaBaT B JACTAWIH JIyHHATa MOBBPXHOCT, KAKTO U MPOIIECUTE, KOUTO 5
3acsrar.

N3CIEJOBATEJICKA TE3A

Pabomnama me3a Ha U3cieiBaHeTO € IPOAUKTYBaHA OT OOCTOSTENCTBOTO, Y€ KPUTHYHATA
nH(ppacTpykTypa Ha 3emsiTa ce ompezelis Mo 3aKOHOJaTesIHaTa paMKa Ha €/Ha JbpiKaBa WU
OOIIIHOCT, KaTo MOAXOIUTE 3a OIPAaHMYABAHETO Ha BH3AEHCTBHETO HA Pa3pyLIMTEIHUTE IPOLECH
BBPXY Hes ce afjanThpaT 3a OrpaHMYaBaHe Ha CHIEIM(PUUHUTE MPOLIECH Ha IPYro IJIAHETHO TAJIO
3a MOAXBP/KAHE HA YCTOWYMBOCT HAa CUCTEMMTE 3a IMOAIbP/KAHE HA YOBEIIKO IPUCHCTBUE Ha
HEeropara MOBbPXHOCT, ChOOpPa3HO HETOBUTE MOTEHLUATHU KPUTUYHHU UH(PACTPYKTYPH.

HEJI HA JTUCEPTAIIUOHHUSA TPY ]

Ilenma va qUCEpTaLIMOHHUS TPYJ € U3CIEABAaHE U YCTAHOBABAHE HA YCTOWYUB IOAXOJ 3a
OorpaHMYaBaHe Ha BH3JEMCTBUETO HA creU(UYHU MPOILIECH HAa KPUTHYHATa UH(PPACTPYKTypa U
Ch3/1aBaHE HA MOJIe]l Ha MHBEHTAPHM CBIAYMIMHM KapTh Ha JlyHara, KOHTO na Oble JIEeCHO
MIPUJIOKUM U Ha APYTH IUIAHETH.

OCHOBHMU 3A1AYN

1. N3cnenBane Ha TEOPETMUHUTE M HOPMAaTUBHUTE OCHOBM HAa KpUTHYHATa
nH(ppacTpyKTypa.

2. AHanu3 Ha ChIIECTBYBallaTa METOAOJOIHMsS 3a H3Cle[BaHe Ha cnenuduyHara

KpUTHUYHA HH(PPACTPYKTypa U Ha pe3yJTaTUTE OT HeWHATa MPUI0KUMOCT.



3. Cp3naBane Ha Mojen, 0a3upaH Ha M3KYCTBEHMS MHTEJEKT 3a Pas3lO3HAaBaHE U
OrpaHUYaBaHE HA BB3JCHCTBUETO Ha CIEUU(PHUYHU CBIAYUIIHM IPOLECH BBPXY KPUTHYHATA

UHPPACTPYKTYpa.

OBEKT HA U3CJIEABAHETO
O0eKT Ha HAy4YHOTO M3CIIEJBaHE Ca ClNEUU(UYHUTE CBJIAYUIIHM MPOLECH U TAXHOTO
BB3/ICHCTBUE BbPXY KpUTHUHATA HHPpAcTpyKTypa Ha JlyHara.

INPEAMET HA U3CJIEIBAHETO
IIpenmer Ha M3C/IeABAHETO € AHAIU3BT U OLIEHKATa HA METOJOJIOTHUATA 3a U3CIICIBAHE U
OrpaHUYaBaHE Ha BH3ACHCTBHETO HA CIEHU(PUYHUTE CBIAYHMIIHH MPOLECH BBPXY KPUTHYHATA

uH(ppacTpykTypa.

OCHOBHM 1TIOAXOIU U METOAU B U3CJIEAIBAHETO

3a MOCTUraHeTO Ha IENTa M HM3IIBJIHCHHUETO Ha HAYYHOM3CIIEJOBATEICKUTE 3aJaud Ha
JMCEPTALMOHHUS TPY/l Ca U3I0JI3BAaHU CIEIHUTE IPYNH OT METOIH:

v meopemuyHyu Memoou: CACTEMEH, JIOTHYECKH, aHATUTHYCH, HHTEPANCUUIUINHAPEH
MOJIXOAM, TEOpHs Ha pHUCKA, TEOpUs Ha BEPOATHOCTUTE, CTAaTUCTUYECKU METOIM,
WHCTPYMEHTApUYMBT 32 MaTEMAaTHYECKH AaHalIM3, CUCTEMEH aHalu3 W CHHTE3, CpaBHEHHE,
KOHKpeTu3anusi, o0oOIIeHue, UHIYKLUS W JeAyKUus, aHaJorust W Jpyr'd H3BECTHH Ha
OO0IIECTBEHO-HAYYHOTO IMO3HAHUE METOAH U CPEJ/ICTBA;

v emMnupuyHy Memoou: HaOIIOACHUE, HW3MEpBaHe, EKCIIEPHUMEHT, MPOrHO3UpPAHE,
0o0paboTBaHe Ha NAHHM Ype3 MOJMHOMHUTE Ha YUeOHuIIeB W MOJMHOMHO arpOKCHMHUpPaHE 4Ype3
YeOuieB, alrOpUuTMUTE 3a U3KYCTBEH UHTEJIEKT Ype3 OMHapHa U MHOTOKJIacoBa Kiacu(ukauus u
IpyTH.

OI'PAHUYEHUAA:

3a mo-roJsiMa KOHKPETHOCT U 3HAYMMOCT Ha W3CJIEIBAHUITA, CHITUTE Ca U3BBPIICHH MPH
OTIpEJICIIEHU OONYCIMUMU OZPAHUYEHUA, TIPOJJUKTYBAHH OT CIeTHUTE 00CTOSATENICTRA:

v n3non3Banu ca faiHu oT mucusita LRO na HACA, nopann HIKOJIKO MOJOXKUTETHI
KayecTBa — cCpeqHa mpocTpaHcTBeHa pesomouus (100m/mukcen) Ha mioOanHus 1UGPOB
eJIeBAIIIOHEH MOJIEIT U IT0-BUCOK IPOIICHT HA OKPUBAHE Ha JTyHHATa TIOBBPXHOCT. MUCHSTA CHIIO0
pasmojara ¢ JaHHH OT Kamepa C BHCOKa pe3osrouus, jgocturamu g0 0.5 M Ha MNUKCeN.
HemoctaTbkbT Ha TO3W MPOIYKT C BUCOKA PE3OJIIONMS € JIUICcaTa Ha TJI00AIHO MMOKPUBAHE, T.C.
HaJIMYKME CaMOo Ha JIOKAJTHHU €JIeBALlMOHHHU ITPOAYKTH C BUCOKA pe3oitoius. PakThT, ye 3a rI1006aaIHo
MOKpYBaHE MOXKE Ja C€ HM3MOJ3Ba €IUHCTBEHO IMPOAYKT CHhC CPEIHA PE3OJIOIHs, OTpaHnYaBa
BB3MOKHOCTHUTE 32 3aCHYaHe Ha CBIAYMILHU MpolecH ¢ pazmepu < 100 metpa;

v cnenupuyHata opouta W BbpTeHE Ha JlyHaTa orpaHmuYaBa BBH3MOKHOCTHUTE Ha
ONTUYHUTE KaMepH 3a OCUTYpsIBaHE HAa UHPOPMALIUS 32 KPAaTEpPHUTE KYXUHHU B MOJIOCUTE, KOUTO
ce HaMHpaT B ITOCTOSTHHA CSTHKA;

v nopajau JMIcaTa Ha arMocdepa JyHHaTa MOBBPXHOCT € CHUJIHO aTaKyBaHa OT
KOCMHYECKH JTBUYCHHS, TIOPATH KOETO C BPEMETO KpaTepuTe epo3upaT W 3aryOBaT HadaHaTa CH
¢dopma — Onara UM 3a00JT ocTpaTa cu (opMma, KyXHMHUTE 3aM0YBar Jia Ce 3al’bJIBaT ChC CKaJIHU
MaTepHaJId M PETOJIHUT, KOETO TH JIehOpMHpa U TTPaBU HEBB3MOKEH TEXHUSAT aHAIIN3.

v nopaau (yHIaMeHTalHaTa 00OCHOBKAa Ha IpobjeMa CBBbpP3aH ChC CIEHUPUUHU
CBJIAYHIITHY MTPOIIECH B METEOPUTHHU KPAaTEPH, U3CIEABAHETO € (POKYCHPAHO CaMO BHPXY KpaTepu
OT THI ,,00MKHOBEH" C nuamersp A0 20 KM, Mopaau NpUChIlaTa CUMETpHUYHA (Gopma Hpu
HeM3MeHEeH Kparep. ToBa orpaHHYeHHE U3KITI0YBA OT aHAJM3UTE BCUYKH T0-TOJIEMH, B THAMETHD,
KpaTepH, opaju (pakra, ye Te MOXKe J1a UMa IpYTH MOp(OJIOTHUHHU XapaKTEPUCTHKH BIUSACIIN HA
CUMETPHYHOCTTA.

W3BBbH 00XBaTa Ha HAYYHUTE M3CJICABAHUS U aHAIM3H € IPOMsHaTa B HOpMaTHUBHATa 06a3a
Ha KpUTUYHATa HHOPACTPYKTYpa.



3a yno0CTBO MpH HM3ION3BAHETO M HAIJIEJHOTO MIIIOCTPUPAHE, IMOJYyYCHHTE KpaiHH
pesynratu  (cxemu, TrpauKd, CTaTUCTUYeckaTa M rpaduuHaTta HMHTEpOpeTalus Ha
M3CIEBAaHUATA), Ca TOCOYCHH B 3aBBPILICH BHJ, KAaTO € HM3IMOJI3BAaHO CO(TYEpHO pelieHHe
murpupatno B Python cpena . @opmynupanute HayqHO-U3CIEAOBATEICKH 3a]aul Ce Pa3TIexK/IaT
B 00eM M Iba00ounHa, HEOOXOIUMH 32 TOSICHSBAaHE, TOMBJIBAHE M CBBbP3BAHE HAa OCHOBHATa
JlorMYecKka MOCe0BaTEIHOCT, KaTo ¢ TOBa € choOpa3eHa CTPYKTypaTa U ChIbpPKAHUETO Ha
JTUCEPTALMOHHUS TPYA.

II. CTPYKTYPA U CBABPKAHUE HA TUCEPTAIIUOHHUSA TPY J{

CTpyKTypa Ha AUCePTANMOHHUS TPY/]

Pa3paboTBanero Ha nucepTaLIMOHHUS TPYA € HACOUEHO KbM U3IIBIHEHHUE Ha [1I0CTaBEHATa
Hay4YHOM3CJIEI0OBATEIICKA 1IeJI U IMPOU3IHU3ALIUTE OT HEsl W3CIIEIOBATEICKU 3aaul. AHAIU3bT €
KOHIICHTPUpPaH KbM OOEKTa W TpeIMeTa Ha M3CIEeABaHE B CHOTBETCTBHE C (OpMyJHMpaHara
M3CIIEIOBATENICKA T€3a U IOCTABEHUTE OrpaHWYeHUs. B Ta3u Bpb3Ka, IUCEPTALMOHHUAT TPy Ce
CbCTOM OT YBOJ, TPH I'JIaBU ChC CbOTBETHUTE U3BOAU KBbM TSIX, OOLLM N3BOJIH, 3aKIIOUCHHUE, PEUHUK
Ha U3MO0JI3BaHUTE ChKPALIECHUs, CHUCHK C U3I0JI3BAHATA JINTEPATYPa U CIUCHK Ha MPUIIOKEHHUSTA.

Chbabp:kaHue HA JUCEPTAIUOHHUS TPY]
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I'IABA II'bPBA. TEOPETUYEH OB30P HA KPUTUYHATA
HHO®PACTPYKTYPA

PemaBaneTo Ha mbpBaTa Hay4YHOU3CIEAOBATEICKA 3ajaya CE€ IIOCTHIA IOCPEACTBOM
TEOpeTU4YeH 0030p Ha KpUTHUYHATAa MHEAPACTPyKTypa Ha 0a3a TpynoBeTe M NMyOIMKAIMUTE Ha
BOJICIIIM CIICHIMAIMCTH U IJIAHOBE M MPOTPaMU Ha BOACIIM KOCMHYECKU areHIIMU B Ta3W 00JacT.
W3cneaBanu ca ChIIHOCTTA, HOHATUWHUAT anlapaT, BUAOBETE  KPUTHYHA  HHPPACTPYKTYpa,
HOpMaTHBHA paMKaTa — HallMOHAJIHA U eBporneicka. [Ipocienenu ca pasrpaHUYMMUTE NPUHITUITHA
XapaKTepUCTHKU Ha KpUTUYHATa MHGPACTPYKTypa Ha 3emMsTa U J1a MPeAsIOKUM HEUH aHaJIor Ha
JIPYro KOCMHYECKO TSJIO OT IUIAHETCH THIl, KOATO MOXeE Ja ObJe 3acerHata OT MPOIECH C
AQHAJIOTMYEH XapakTep. 3a LEJIUTEe Ha HACTOSIIMS JUCEPTAUMOHEH TpyJd TaKbB aHAJIOr €
KpuTH4HaTta WHOpacTpykrypa Ha JlyHara. [lpuHnmnure Ha Tasu crnenupuvHa CUCTEMa ca
0asupaHu Ha Beue YTBBPACHU 3aKOHM U HapeaOu B eBpolleiickaTta OOLUIHOCT U Ha HallMOHAIHO
HUBO. Ha ToBa 0OCHOBaHME pasriexaaHUTe OT HAC onpeesieHus, cekropu u ooxsaru Ha KU ca ot
MO3UIMUTE Ha ThIIKyBaHuATa B P. bwirapus u EBponeiickusa cbro3. M3xonna 6a3a 3a ToBa e
HalpaBeHUSIT TIpErjie]] Ha Hay4yHaTa JuTeparypa 3a TMOTCHIHMAIHUTE U IUIAHUPAHUTE
UH(PACTPYKTYpPH Ha 3eMHUS CITBTHUK, KOETO OT CBOSI CTpaHa clie[Ba Jia IOBE/E 10 Bb3MOKHOCTTA
Jla C€ MPUJIOKAT 36MHUTE KPUTEPUUTE 3a YCTAHOBsIBaHE M o3HayaBaHe Ha KU na Jlynara. M Bcnuko
TOBA € MOCPEACTBOM MPUIIOKUMHUTE METOM 32 3alUTa OT CBJIAYMILHHU [TPOLIECH HA 3eMsTa, KOETO
MO3BOJIsIBA J1a c€ JMe(UHHUPAT MBPBUTE CTHIKHU 32 aalTUPAHETO M UMIUIEMEHTHPAHETO UM Ha
Ipyro kocmu4decko Tsuto. [lorennmanaure o0eKkTH, KOUTO MoraT ja ce onpeaensaT kato KU, nmar
pazHOpoaHM (PYHKIIMH U 00XBATH, WJIM Jla ca IOJ YIIPABJICHUETO HA Pa3IMYHU PECOPH. 3aTOBa ce
Hajara v JIOMbJIHUTEIIHOTO UM pa3mpeielieHue M0 CEKTOPH U MIOJICEKTOPH, 3 J1a ce nudepeHImpar
MO-TOYHO W OT MPUOPUTETHA TieaHa Touka. Ompenenenn ca 19 cekropa ¢ KpUTHYHA
uHppactpykrypa B P. bearapus. Jlepunupana e EKU, kosTo ce 6azupa Ha onpeneneHueto 3a KU,
HO C Pa3UIMPEH CMUCHI 32 TEPUTOPHAIIEH 00XBAT MIPU €BEHTYAJTHU MU3BBHPEIHU MPOIECH. 3a J1a
Obae BiiatodeH B cnucbka 3a EKU emun o0ekT, TpsiOBa BB3ACHCTBUETO IMPH HETOBOTO
,HApYIlIaBaHE WJIM YHUIIOKaBaHE Ja JOBEAC JO0 3HAYUTEIHHM TOCIEIUIM 3a JBE WJIU IOBEYE
IBPKABU-YWICHKH |. TpUTe MeXIy CEKTOpDHH KpPHMTEpHs, Ha KOATO TPpsOBa 1a OTroBaps €IHa
notenimainHa EKU (B nombnuenue Ha nepunuinuute 3a KM u EKN): kxputepuit Ha moctpamganure
— I10 OTHOIIICHHE Ha YOBEIIKUTE 3ary0H U MOCTPAJaiu; KpUTEPHUil HAa MKOHOMUYECKUTE TTOCTIEAUIIN
— MaTepualHUTe 3aryOu, KOMTO MoraT /a JJOBeJaT 10 3aTpy/IHEHUE/BJoLIaBaHe Ha IMpeajiaraHe
YCIIyTH ¥ CTOKH OT MMbpPBa HEOOXOIMMOCT, KaKTO U BB3ICHCTBHS Ha OKOJHATA Cpefia; KpUTEPHi Ha
OoOlIeCTBEHUTE MOCIEAUIM — 3arybda Ha yCIyTM W HapylIeHHE Ha €XEIHEBHMS >KUBOT U
nporenypute o ycranonsisane Ha EKU (¢ur. 1.1.)

Ilponeaypa 3a yeranossBsane oT AbPAKABHTE-IEHKH HA KPHTHYHH HH(PACTPYKTYPH, KOHTO
morar jaa Obaar ozHavenn karo EKH curaacho winen 3*,**

Torenunansa TeHUIHR
EKH EKH

[Msprosauaien nogéop: [punarane na onpeaenenuero Ilpunarase Ha onpesieneHHeTo
NpHIAraHe Ha CEKTOPHHTE 1o wieH 2, Gyksa a) 3a KH na  no uien 2, Gyksa 6) 3a KH na
KPHTCPHH HAUHOHAIHO HHBO HAUHOHAIHO HHBO

I[lpunarane Ha
MEHKILYCCKTOPHHTE KPHTEPHH

“ITo oupexmusa 2008/114/EQ na cveema om 8 dexemepu 2008 200una omuocko yemanosasanemo u
OIHQUACANEMO A EPOREHCKI KPUIMUNHI UHPacmPYKMYPU [t OUCHKAMA 1A HEOOX0OuMOCIinG om
ROOGOPRGAHE HA MAXHAMA 3QUHMA

B [',U"lllf-! Ha HenpemMunasane ha edun ont emaniime nomenyuainama EKH ce uzknwuea om
npoyeca u He ce 3a nucea Kamo EITH.

Quzypa 1.1. Ilpoyedypa no ycmanoeaeane na EKH

I JJUPEKTHBA 2008/114/EO HA CHBETA or 8 nexkeMBpu 2008 rorHa OTHOCHO YCTAHOBSIBAHETO M O3HAYABAHETO
Ha CBPOICHCKU KPUTUYHH WH(PPACTPYKTypH M OIICHKaTa Ha HEOOXOAMMOCTTa OT ITOAOOpsSBaHE Ha TIXHATA
samuTa‘ https://eur-lex.europa.eu/legal-content/BG/ TXT/ ?uri= LEGISSUM:j10013...
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W3cnenBana e kpuTu4HaTa MHQPaACTPYKTypa KaTo €IeMEHT Ha CUCTeMaTa 3a CUTYPHOCT C

aKLEHT Ha BB3JICHCTBHETO HA (aKTOPUTE HA CpeJaTa Ha CUTYPHOCT, BB3MOXKHOCTHTE 3a
MPOTHBOICHCTBUE HAa pUCKOBeTe U 3arutaxure 3a KW, MeHnpkMbHTa Ha O€CTBUATA B 3aBUCUMOCT
oT omacHoctute. Ha ToBa OCHOBaHUE € u3cieaBaHa crenuduka Ha JTyHHaTa HHPPACTPYKTypa U
B3auMojieiicTBe 1 ¢ uHppacTpykTypata Ha 3emsara. [lo-KOHKpeTHO ca MpOCIeaeHH
unppactpyktypa Ha JlyHata B KoHTekcTa Ha JloroBopa 3a KOCMHYECKOTO IPOCTPAHCTBO,
noanucad ot 111 crpanu B cBeta u crnopen koiito onpenenenusata 3a KM u EKW ne morar na
ObJaT NPUIOKEHU AUPEKTHO, 3alI0TO MPHU TAX ce JedUHUpa NPUHAUICKHOCT HA HACEICHUETO
KbM HallMsg M TEPUTOpPUS Ha 3eMsATa. A TOBa O3HAuaBa, ye B ciyyas Ha JlyHara uinu Apyro
KOCMHUYECKO TSUIO Ta3U MPUHAMIICKHOCT HE MOXke Aa Gurypupa, a TpsioBa BCUUKUA OOMTATEIN Ha
JlyHata na ce pasriekiaT KaTo 3aCerHaTo HaceJeHUe.
Karo mnorenumanna wuHdpacTpyktypa Ha JlyHata ce pasrpaHuyaBaT @eT OCHOBHU
MHOPPACTPYKTYPHH CEKTOpa, HEOOXOOUMH 3a MOCTOosHHA 0Oa3za Ha JlyHara, KOMTO Ja Morar jaa
MOJICUTYPAT CaMOMOJABPIKAIO C€, YCTOWYMBO U TMOCTOSHHO (OT HSKOJIKO JEHA J0 HSIKOJKO
Mecella) YOBEIIKO NMPUCHCTBHE. TakuBa ca eHEPTUHHUTE CUCTEMH, CUCTEMHTE 32 KOMYHHUKAIHS U
HaBUTAIlMs, TPAHCIOPTHUTE CHUCTEMH, >KUBOTOIMOAIBPKAIIMTE CHUCTEMH M CHCTEMHUTE 3a
u3non3BaHe Ha pecypeu Ha Mscto (ISRU), unero usciieBaHe BKIOYBA U JIOKALMUTE 32 KallaHE
Ha MUCUUTE. 32 HAW-MTOIXO/ISIIIM CEe CUMTAT B MOKpaitHuHuTe Ha Kparepa Shackleton (Ourypa 1.2),
KONTO ce HamMMpa Ha FOKHUS JIyHEeH momoc. [IpuuuHuTe 32 TOBA ca HAJMYMETO HA KpaTepH, B
YUHUTO KYXUHH € TOCTOSTHHA CSHKA ¥ MMa HAJIMYHU JieioBe. O1ie noseue, 4e o OUIoTo Ha KpaTepa
Shackleton u B palioHa OKOJIO HErO € YCTAaHOBEHO, Y€ TE3W MECTa Ca MOYTH MTOCTOSTHHO OCBETCHH
OT CIBHIIETO U CIIOMAaratr 3a MpeooJsiBaHETO Ha JBa MpodiiemMa — JOOMB Ha BOJA U CIbHYEBA
SHepTus Ype3 MOCTAaBsIHE Ha COJIAPHU MaHEJH 10 OMIIOTO.

CrnenoBatenHo, MOBEYETO HU3rpaaeHu HH(PpacTpykTypu Ha JlyHata, a u Ha Jpyro
KOCMHYECKO TSJI0, MOTaT Jia Obaar neuHUpaHH KaTo KPUTUYHA MH(PACTPYKTypa, OHE Te3H,
KOHUTO Ca 4acT OT IMPeaXxoqHO U30pOeHHUTE NeT ceKkTopa. Beska enHa oT TAX MOXe Aa AOBeIe 10
3acTpalraBaHe 37paBeTO M J)KMBOTA HA OOMTABAIlOTO HACEJCHHE, B CIlydyad KOraTo HE MoraT Ja
ObJaT U3MBJIHEHU TEXHUTE (PYHKIMOHAIHU XapakTepucTHKU. M mo momobOue Ha neicTBUsATa MO
npeBeHius u 3amuTa Ha KW Ha 3emsrta, Te3aTa Ha JOKTOpaHTa €, 4e CJe/iBa Jia ce u3paboTiaT U
MpearnpuemMar ChbOTBETHUTE MEXaHU3MU U 3a cnenuduuHara kputuuHa uadpactpykrypa (CKHN)
Ha IpyTH HeOECHHM Tena. AKIIEHTHT HAa HAYYHHUTE MY U3CIIeIBaHUS € Ha CTICU(UIHUTE CBIAYHIITHH
mpolecu, KouTo mMorar jaa noBiussaT HeratuBHO Ha CKU wusrpanena Ha Jlynara. Cernauuinara,
0OEKT Ha M3CJIe[IBaHEe, Ca O3HAYCHH KaTo ,,CIIeNU(UIHN" 10 JIBE MPUYMHH — IThpBATa, € 4e ce
Hamupar Ha JlyHaTa W BTOpara, 4e c€ HaMUpAT B KyXMHHTE Ha KpaTepu MOJYy4YeHH, TpU
METEOPUTHH COTBCHIIH.

@ Site 102

(O] o3

Site 011 @
@rne 004
Site 001 @

Site 007

Que. 1.2. Ilomenyuannu 10Kayuu 3a Kayane Ha mucuume Apmemuc
(usmounux: HACA)

OT Tyk BHHUMaHHE € OTJEJIEHO Ha MOJXOJUTE 3a OrpaHMYaBaHe Ha BbB3JACUCTBHUATA Ha
cnenuduuHuTe cBiIayninHu nporec BbpXy KU. B Ta3u Hacoka e nenecbo0pa3Ho u3paboTBaHETO
Ha MHBEHTapHU KapTH 3a MOJATIMBOCTTA Ha CBJIAYMIIA, KOUTO Ja U300pa3siBa NpOCTpaHCTBEHATa
BEPOSITHOCT 32 BH3HMKBAHE HA CBIIAYHMIIE CAMO CIIOpE]l XapaKTEPUCTUKUTE Ha TepeHa, 0e3 1a ce
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UMaT T0J] BHUMaHHUE BpeMeBHUTE (DAKTOpU M TaKMBa, KOUTO JUPEKTHO 3ajleiicTBAT Ipoleca Ha
CBJIMYaHE HA 3eMHa Maca. KaTto Hali-ToueH MEeTO/ 3a pa3lI03HaBaHE Ha CBJIAYMILA YPE3 CATCIUTHU
n300pakeHus (3a 3emsTa), ce cMATa PhYHOTO KapTorpadupane, HO MOPAAX CIEIUPUIHOCTTA HA
n3cienBaHus (peHoMeH U (hakra, ye kparepure Ha JlyHaTa ca OrpOMHO KOJIMYECTBO, TAKbB MOJIX0
€ TpyioeMbK U HernpakTiuueH. Cho0pa3HO TOBA, B MPOIBIDKEHNUE HA MPEIUIIHN U3CIeIBaHUS Ha
aBTOpa’,’ HayyHMTEe 'M3CJIEJBAHUA Ca HACOYEHH B ITIOCOKA JOPa3BMBAaHE HAa METOAMKATA 3a
paslo3HaBaHE Ha CBJIAYMINA B KYXUMHUTE Ha KpaTepH, 4Ype3 aBTOMATHU3UPAHU METO/H,
IIOANIOMAraniy U3BbPUIBAHETO HA AHAJIW3 HA OIPOMHO KOJIMYECTBO Ka3yCH M B CBLIOTO BpeMe
OCUTYpSIBAHETO Ha BUCOK IPOLEHT HAAEKAHOCT B KpailHuTe pe3yartartd. [Ipmnoxumocrra Ha
TaKbB JITOPUTHM JIONPHHACA 32 M3OTBAHETO Ha HEOOXOAMMHUs MHBEHTap U Ha JlyHarta, u B
KpaTepy HaMHUpalld ce Ha JpYrHw HeOecHW Tena oT IuiaHeteH Tuil. llopamu Tasu mpuymHa ce
o0yciaBsi HeOOXOAMMOCTTA OT M3CJEABAHE HAa MOBBPXHOCTHUTE U TEOJOXKKUTE IPOLECH Ha
JlyHaTta, TEKTOHMYHATa aKTUBHOCT, BYJIKaHW3Ma, METEOPUTHUTE yAapH, BCIEICTBUE HA KOETO CE
o0Opa3yBaT BHJIOBETE€ JyHHM KpaTepu, €pO3HMOHHHMTE IPOLIECH, KOUTO KOMIUIEKCHO ca
MIPEIIOCTaBKa 3a CBJIAYMINHU Iporiecu. Ha Ta3u ocHOBa € HampaBeH CpaBHUTEJIEH aHAJU3 Ha
CBIAQUMIIHMTE IIpouecu Ha 3emsata W Ha JlyHaTa M B3auMOBpB3KaTa UM C KpUTHYHATA
uHopactpykrypa. Ha 3emsita ocHOBHHTE 3aaeicTBamy (pakTopu 3a CBIAYMINA Ca OOMITHHUTE
BaJIe’KH, CHErOTONEHETO (WIM KaTo ISUI0 IOKAaYyBaHE Ha BOJHATa KOJMYECTBO B IOYBaTa) U
3eMmerpeceHusiTa. OOMKHOBEHO, €IUH € 3aJeUCTBAlIUAT (aKTOp, JOKATO CHBKYMHOCTTa OT
HSKOJIKO TaKMBa MOTraT Jia ObJaT OnpeaesieH! KaTo Mpeapasnoiaraiiy, KOUTo MoraT aa 0bpaar ¢
IIPUPOJIEH WJIM aHTPOIIOreHeH XapakTep. [lo3HaBaHeTo MM € B OCHOBaTa Ha IPYHNUPAHETO U
Pa3No3HAaBaHETO HA CBJIAYMILHUTE IIPOLECH, U3TOTBSHETO HA CBJIAYMILHUA WHBEHTAapHHU KapTu U
IpearprueMaHe Ha CbOTBETHUTE JIEHCTBUS 3a MPEBEHIIMS U OIpaHUYaBaHE Ha Bb3JIEHCTBUATA UM
Bbpxy KU.

Maxkap u 3aneiicTBaniure (GaKTOPH 3a CBIAYHIHH MTPOIECH Ha TyHHATa IOBBPXHOCT Ja ce
pa3nuyaBar OT Te3M Ha 3emsATa (Iopajau JuIrcara Ha atMocepa MOBBPXHOCTTa Ha JyHaTa ce
aTaKyBa OT IOBBbPXHOCTHH IIPOLIECH IO Pa3jIMu€H HAYMH OT TE€3M Ha 3eMsTa U ce Irpynupar B
CIIEIHUTE KATErOpUU: ,,[PaJUHAPCKO’ BB3AEUCTBUE, KOCMUUYECKO BIUSHUE U TOIUIMHHHU JIyHHU
3eMETPECEHUSI, METEOPUTHHU COJ'BCHIIM, JIYHOTPECEHHUS.), peAHIla aBTOPU OIpEenessaT TUIla Ha
JYHHHUTE CBJIAQUMIlA, 3aMMCTBAallKU BEY€ YTBBPJECHU KATErOpU3allMy IO aHAJIOTUs Ha TE3H Ha
3emsiTa. AKIIEHTUTE ca Ha CBIauMinara ot Taim ,,Falls®, ,,Slides*, ,,Slumps®, rpanynupanu notouu,
nei3samy ceiaunnia. CnenosarenHo, JlyHara € moanoskeHa Ha pasIMuHU BB3IEHCTBHSA, KOUTO
HEMUHYEMO BOJAT JI0 CBJIAYMIIHU MPOLECH OT ChOTBETHHUS THUI, KOUTO IO CBOETO €CTECTBO U
IIPOSIBJIEHUE CE pa3jinyaBaT OT TE€3M Ha 3€MATa, Makap 4e 4acT OT TIX MMaT CXOJHa IPUPOJa,
MpUYMHU U (pakTopu. A ToBa 00ycliaBsi 1 HEOOXOAMMOCTTA OT U3BEXKJIaHE HA 3aKOHOMEPHOCTH B
cneun(UYHUTE TMPOLECH IO OrpaHUyYaBaHe Ha BB3JACHCTBUATA MM BbpPXY KpUTHUYHATa
nH(ppacTpykTypa.

N3BOJIH OT I'/TABA ITbPBA

l. [lo cunara Ha 3akoHojaTenHata pamka Ha bbarapus u Ha EC kputnuynata
MHOPACTPYKTypa € BCsAKAa OHa3U CUCTEMA, YMETO M3MPAaBHO (DYHKIIMOHUPAHE, 10 OTAEIHO WIH B
CBhBKYIIHOCT, € OT JKM3HEHO Ba)XHO 3HAu€HHEe 3a OOILIECTBOTO U JAbp)KaBaTa KaTo IsIO.
Hanmonannara KU ce paznuuaBa ot EKM ocHoBHO mo TeputopuaneH ooxBaT. BkitouBaneTo Ha
eqna KU kato EKU e pu ycnoBue, 4e MOCaeANIIMTE OT HAPYIICHOTO ¥ (YHKIIMOHUPAHE 3acATaT
IIOHE JIB€ Abp>kaBH wieHku Ha EC.

2. [ToHATUIHMAT U TUTEPATYPHUAT 0030p U U3CIIEIBAHUTA HA IUIAHOBETE Ha BOJICIIH
KOCMHUYECKH areHIMM M0JICKa3BaT, Y€ TEPMHUHOJIOIHATA MOXKE /1a CE MPEXBBPIIM OT HAILIMOHAIHO
HUBO Ha MEXJIyHapOJHO U ChOTBETHO JIa ce MpHUCIoco0AT ocHoBHUTE npuHIMNK Ha KU u 3a npyro
KOCMHMYECKO T5UIO OT 3eéMeH TuIl. ToBa Mo3BoJIsIBa Ja ce Je(UHHUPAT U pa3rpaHUYUaT IeT OCHOBHH

2V. Yordanov, ,,Mapping landslides in lunar impact craters using Chebyshev polynomials and Dem’s*, 2016. C
3 M. Scaioni u cbaBr., ,,Recognition of landslides in lunar impact craters*, European Journal of Remote Sensing, Tom
51, 6p. 1, ctp. 47-61, 2018, doi: 10.1080/22797254.2017.1401908.
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UHOQPACTPYKTYPHH CEKTOpa, HEOOXOOUMH 3a ChIIECTBYBAaHETO M (YHKIHMOHHPAHETO Ha
nocTosiHHa 6a3a no nopbpxHocTTa JlyHata. ChoOpa3HO TOBA cTaBa Bb3MOXKHO MOJICUTYPSBAHETO
Ha CaMOIOAJIbpP)KAIl0 C€, YCTOMYMBO M IIOCTOSIHHO YOBELIKO IPUCBCTBUE IIOCPEICTBOM:
CHeprUiiHM CHUCTEMM, CHCTEMH 32 KOMYHHUKAlMsl M HaBUTalus, TPAHCIOPTHU CUCTEMHU,
KUBOTONOIbPKAIIN CUCTEMU U CUCTEMH 3a U3I0JI3BAHE HA PECYpPCHU Ha MSCTO.

3. W3cnensanusra coyar, 4e Ha 3eMsATa ChILECTBYBAT 100pe pa3BUTH, (WIH B IPOLEC
Ha YCHBBPIICHCTBaHE) (YHKIMOHMpAIIM M B TPOLEC HAa YCHBBPIICHCTBAHE MOIXOAU U
MHCTPYMEHTApUYM 3a CBEXJaHE 10 MHUHMMYM Ha HEraTUBHUTE BB3JCHCTBUA OT NPUPOIHU
0enCTBHS M KOHKPETHO OT cBiaynia. ETanuTte Ha nenus To3u nporec o0XBamar nmpeaBapuTesieH
aHaJIM3 Ha PUCK, UMIUIEMEHTHPAHE Ha MEpPKM, CMEKYaBalllX Bb3ACHUCTBUATA, CIHACUTEIHU U
BB3CTAHOBSIBALIM JICHCTBUS CJI€]] Bb3HUKBAHETO HA TAaKOBA OEJICTBUE.

4. VYcnexbT Ha NPOTHUBOJACHCTBUETO M OIpaHMYaBaHETO Ha IOCIEACTBUATA OT
crienn()MYHM CBIAYUIIHYU IPOIIECH € B MPsiKa 3aBUCHUMOCT OT U3TOTBSHETO HA MHBEHTapHA KapTa
U KapTa Ha NOJATIMBOCTTa KbM CBJIAuYMINA, KOSATO M300pa3siBa MPOCTPAHCTBEHA BEPOATHOCT 32
BB3HUKBAHE Ha CBJIAYMILE CaMO CIIOpPE/ XapaKTEPUCTUKHA HAa TEPEHA U HEroBaTa CIenu(UIHOCT,
ChIbpXKALIM  HMH(OPMAIMsT OTHOCHO KOOPAMHATHTE Ha CBIAYMUIETO, HEroBUS OOCer U THIl
nBIkeHUe. B Ta3m Hacoka, choOpa3HO OOEKTa HAa HAYYHHWTE THPCEHHS HSMa M3TOTBEHA TaKaBa
KapTa ¢ U34epraTesieH CBJIAYUIIEH HHBEHTAp 3a JyHHATa HOBBPXHOCT.

3. Jlynara, kaTto Hail-OJM3KOTO KOCMHYECKO TsUIO € OOEKT Ha MHOTOOpOIHM
HaAOJII0ACHUS U U3CIIEABAHUS OT BeKOBe. Pa3BUTHETO HA CATENUTHHU TEXHOJOTHH B MOCIEIHUTE
JIECETUJIETHUS] T03BOJIsIBA U Ha0aBs OrpPOMHO KOJIMYECTBO IUTMTAJIHHU JIAHHU, HEOOXOIWMHU U
[IOJIE3HU 32 MHOXECTBO HAyYHHM U3CJIEIBAaHUs OT pas3iuueH xapakrep. AMOuIMHMTE Ha
KOCMHUYECKHUTE areHIIMY B Ta31 HACOKA IPUOPUTETHO Ca CBBP3aHU € pa3pad0TBAaHETO HA pa3INdHU
KOCMMYECKH MMCHU 32 MOCTPOSIBAaHE Ha MOCTOSHHM JIYHHU 0a3M C L€l HayYHU U3CJIEJBaHUS U
nobuBane Ha MuUHEpaH. 1 Thii kaTo Besika Obaema nHppacTpyKTypa Ha JyHHATa OBBPXHOCT IIIe
Oble TOJJIOKEHAa Ha Pa3HOOOpPa3HM pa3pyLIUTENHU MPOLECH, KAKBUTO ca creuuduyHure
CBJIQUUIIIHM IIPOLECH, TOBEYE OT BCSAKOra € HEOoOXOAUMO IPEIBAPUTEIIHOTO U OOCTOWHOTO
[IpOyYBaHe Ha ChLIUTE, HA OCHOBATa Ha KOETO Jla Ce Ch3/1ajJe HaydYHO 0OOCHOBaHA U MPAKTUYHO
MPWIOKMMa METOJIOJIOTHS 3a TAXHOTO 3acHMyaHe, KapTorpadupaHe, HHBEHTapU3UpaHE U
U3rpakJaHe Ha MIPOTUBOACHCTBAIIM U NIPEATNIA3BAIIN CUCTEMH.

6. CepliecTByBalIUTe H3CIEABAaHUS HA JIyHHaTa MOBBPXHOCT KbM MOMEHTA JaBat
OCHOBaHHME Jla CE€ TBBPIAU, Y€ T, MAKap U Jla HE € TEKTOHWYHO aKTHMBHA KOJKOTO 3E€MHaTa
MOBBPXHOCT, CHIIO € MOBIMSIHA U NMPOJbIKaBa /1a ObJe MOAU(UIIMpPaHa MO Bb3IEHCTBUETO HA
pas3IMYHM MPOLIECH: JIUIIcaTa Ha aTMoc(depa, OT TYK M OTHOCHUTEIIHO YeCTa TEKTOHMYHA aKTUBHOCT,
CBBbp3aHa C TEMIEPATypHUTE PA3IUKHU, CTUTALIHN O KpAaHOCTH OpaJy CMsIHaTa Ha JIHs U HOIIITA,
MIOCTOSIHHUTE CI'BbHYEBH PAJMALMOHHU OOJIbYBAHUS, IIOCTOSHHOTO METEOPUTHO OoMOapiupaHe,
KOUTO OT CBOSI CTpaHa BB3AEHCTBAT pa3pyllaBall0 Ha MOBBPXHOCTHUS JIyHEH CIOH U
0o0pa3yBaHETO Ha JIyHHH KpaTepH (OOMKHOBEHH, CJI0KHHU U MHOTOPUHTOBH I10JIETA).

7. CeriocraBsiiku (pakTOpUTE TIpeapasnoaraiiy 3a cBiadnniaTa Ha 3emsara u Jlynara,
aKTUBHUPAHETO HA 3€MHUTE TAKMBA € IPEIUMHO OT BUCOKOTO ChIbP)KaHNE HA BOJIA, JOKATO TAKMBA
npeipa3mnoiaraiiy 1 3a7eicTaiy GakTopy Ha JIyHHaTa MOBBPXHOCT JIMIICBAT, HO UMa MPUCHIIN
npyru TakuBa Gaktopu. Konkoro 10 3eMeTpeceHus Win IpyT BUA pa3pyLIMTEIHAa aKTUBHOCT KaTo
(dakTop BAMSAT HA CBIAUUIHUTE MPOLECH W HAa 3€MHAaTa, U Ha JIyHHaTa MOBBpXHOCT. Taka
Hape4YeHUTe JyHOTpeceHus (3emerpeceHuss Ha JlyHaTa), KOMTO ce MOJyyaT BCJIEJCTBHE Ha
rojsmMaTa TeMIepaTypHa pas3jinka MEeXIy JyHHUS JeH U Homl (u oOpatHo). [pyr 3aneiicTpaii
(akTop Ha CBIAYMIIHHU IpoliecH Ha JIyHaTa, € 1 0cBOOOeHaTa eHeprus B TyHHATa MOBBPXHOCT,
KOSITO c€ MoJTy4yaBa OOMKHOBEHO MpHU COBCHK HA METEOPUTHO TAJIO C JIyHHATa MOBBPXHOCT.

8. Bwnpeku paznuuusaTa npU MOBBPXHOCTHUTE XapaKTEPUCTHKH U MEXaHU3MBT Ha
aKTUBallMsg Ha CBJAUMIIHM Tpouecd Ha 3emsta U JlyHaTa, MO3BOJIsSiIBa KaTErOpU3MPAHETO Ha
CBJIQUUIIIHUTE NPOLECH U Ha 3€MsTA, U Ha JIyHHaTa MIOBBPXHOCT CIOPEJ TEXHUS MEXAHHU3bM Ha
JBIKEHUE, U ChOTBETHO B THM ,,falls”, ,slides, ,,slumps® u T.H., KO€TO MO3BOISIBA TIO-JIECHOTO
HabroAaBaHe U KapTorpadupaHe Ha Te3U MPOLECH U B JIBaTa CIyvasl.
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I''TABA BTOPA. METOJOJIOT'UA 3A HU3CJIIEJABAHE U AHAJIU3 HA
CIHEONU®UYHATA KPUTUYHA UHOPACTPYKTYPA
PemaBaneTo Ha BTOpaTa Hay4YHOHM3CIIEIOBATENICKA 3a/jaua ce IIOCTUTa IOCPEACTBOM U3CIIEIBAHETO
Ha METOOJIOTHATA 32 OrpaHWYAaBAaHE HA CBIIAYUIIHUTE MPOIECH HA JIyHHATa MOBBPXHOCT U
BB3MOXHHUTE cOPTYEpHU pelieHus. 3a Ta3u 1iell € HampaBeH 0030p Ha MpUIaraHuTe METOJUKH 3a
BU3YQJIHO Pa3lO3HAaBaHE Ha CBJIAYMINA IO JYHHATa MOBBPXHOCT, KAKTO M 4Ype3 MOJMHOMHU Ha
UYeOuiieB 3a anpokcuMalys Ha KpaTepHd BUCOYMHHH mpodwuu. [lomuHomute Ha Yebuiies ca
penuia OpTOrOHAJIHM TOJMHOMH, BCEKM OT KOUTO C YHHKAJHA M HEKopenupaHa Qopma 1o
OTHOIICHHE HAa BCUYKH JPYTU WICHOBE OT Mopeaulata. AIpoKCUMUPAHETO HAa BCEKHU Mpodui ce
OCBILIECTBSIBA KATO CE€ B3eM€ MPEABH/I IbDKMHATA HAa HAIPEYHOTO CEUCHHE, TaKa Ye J1a € IBa ITbTH
MoBeYe OT JIMaMeThpa Ha Kpatepa oT pb0 10 pb0. ToBa pa3cTosiHUE Clie]] TOBa C€ HOpMalu3upa
Mexay -1 u +1, koeTo € u JoMelHbT Ha monuHOMUTEe Ha YeOumieB. B To3m mHTEpBanm BCska
IPOU3BOJIHA HENpeKbCHATa (YHKIMS MOKe Ja Obae anpokcuMupana®. B pasrnexnanus ciyuait
(GbyHKIHATA 32 APOKCUMHUPAHE € TUCKPETHHUAT Mpod I Ha KpaTepa f (X), KbIIETO X € MOCOKaTa Ha
npobata. Cpes U3MOI3BaHUTE YETUPH PA3IMYHU TUIIA TOTUHOMHU Ha YeOwuIileB ce mpejyiara jia ce
usnom3Ba THO | 3a ampokcumupaHe Ha kpartepHuTe npoduian’. ToBa € MOTHBHPAHO OT
HECJIOKHOCTTA Ha KOoe(UIIMEHTUTE, CBbP3aHH ¢ ToBa mpeactaBsne. opmyupanero Ha 6a30BUTE
(GYHKIIUY HA TOJIMHOMUTE CE€ OCHOBaBa Ha PEKYPCHBHA CEPHSL:
To+1(x) = 2xTu(x) - Ta-1(x);  |x| <1, (2.1.)
KbseTo 1, (X) € moJIMHOMHATa JacT oT #-Tu ped. Yacture ot pen O m 1 ca To(x) = I u Ti(x) = x,
CBHOTBETHO.
3a nma ce ampokcumupa eaHa (pyHkuus f(x), nuHeiiHa koMmOuHanus p(x) Ha Oa3UCHUTE
¢byHKIMHU, ce mpuema:
Sx) = pu(x) + o(xM) = Xleo Cp Tn(x) + 0(x™) 2.2)
KbJeTo M e crenenTa Ha YeOumeus nomuHoMm U C, ca KOS(DUIIMEHTUTE, KOUTO MOIYJIUPAT
aMIUTUTYy1aTa Ha Bceku 0a30B koMmnoHeHT. Koedurnuenture C, ce u3uucisaBaT Ha 6a3ara Ha ,,Haii-
MaJIKUTE KBaJpaTH , 3a J]a C€ ChUETAST C peasIHU JaHHU 3a npoduia. ['pemkaTra nmpu ocTaTbuHOTO
anpokcumupane (x/) e paBHa Ha cymara OT JMIICBAILIUTE TEPMHUHM CJel cTereH M, KOUTO He ce
pasTIekaaT B alpOKCHMAIUSTA.

ocal T(x) X | ma|.;1 cratITr
\ / cavity walls
slope ™. \ T, (x), ¥

2674
2672

Average 2670/,
elevation ’

Ty (x)

2668
2686

2664
Central -1
peak

4W. Gautschi, ,,Orthogonal polynomials (in Matlab)*, Journal of Computational and Applied Mathematics, 2005, doi:
10.1016/j.cam.2004.03.029.

5. Mahanti, M. S. Robinson, D. C. Humm, u J. D. Stopar, ,,A standardized approach for quantitative characterization
of impact crater topography®, Icarus, 2014, doi: 10.1016/j.icarus.2014.06.023.
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Quzypa 2.3. bazosama ynkyus na Yeouwes (nynkmupanume J1uHUL) CnoMazam 3a
npoguna na Kkpamepa 6 cbomeemcmeue Ha MAXHAMA RPUTUKA C OMOETHUmME Yacmu Ha
Kkpamepnusa npogun. Hzm: Maxanmu’

EdextuBHoctTa Ha monuHomuTe Ha YebOuineB 3a anmpokcuMupaHe Ha NpodUiIUTe Ha
HAIPEYHUTE CEUCHHMsS Ha KpaTep Ce JBIDKM Ha TEXHHTE CBOWMCTBA, KOMTO MOrar naa Obaar
000011eH! B UeTUPU OCHOBHU TOYKHU:

v OPTOTOHAJTHOCT Ha 0a30BUTE (PYHKIUH M HECBBP3aHOCT MEXKIy M3UHCIUTEIHUTE
KOe(DUITMEHTH: BBIIPEKHU Y€ OOITUAT Opoii Ha mpueTuTe KoeUIueHTH B ypaBHeHHE (2.1.) Moxe 1a
ObIaT pa3NUYHU, W3YUCICHUTE CTOMHOCTH Ha KOE(PHUIMEHTHTE OT IMO-HUCHK peJ BUHAru ca
elHaKkBU. Ta3u XapakTepUCTUKA € Ba)KHA, 3a1[0TO [TPaBU U3UUCICHUTE KOCPUIIMEHTH HE3aBUCUMHU
OT KOHKPETHUS ITPOLIEC HA U3UNCIIEHUS], TaKa Y€ T€ MOTaT Jja ObJJaT CPABHEHU ChC CXOJHU OT IPYTH
HarnpeyHu npoduin. BebliHocT, no-HuckutTe HomMepupanu koeduurentd Tn(X) ©Mar no-roiasiMo
BB3/ICHCTBUE MPH ATPOKCUMHUPAHETO HA TEOMETPHTA Ha MPOpuUIIa;

v nosmHoMuTe Ha YeOumieB BOASAT 10 Hal-MaJKOTO MaKCHUMajHO OTKJIIOHEHHE IO
OTHOIICHWE HAa HMHTEpHONMpaHata (QYyHKIHS, T.e. B TO3HM CIydail, IpOQMIBT HA HAIPEYHOTO
cedyeHue Ha KpaTepa’;

v €KCTPEMHUTE CTOMHOCTH Ha IIOJIMHOMHUTE BHHAru ce€ IMOsBSBaT Ha HSKOU
cnenupuUUHA MO3ULIUU BbpXY OazoBata oc (x = -1, 0, +1). Tasu xapakTepucTtuka yJecHsBa
CBBP3BAaHETO Ha KOS(HUIIMEHTUTE HA U3UMCIICHUTE TIOJMHOMHE C TEOMETPHATA Ha KpaTepa;

v Kopenanusita MeXIy KOCPUIMEHTHTE OT MO-HUCBK pel, KaKTO M HIKOH
KOMOMHAIMM OT KOS(UIIMEHTH C BaXXHH MOPQOJIOTMYHH CBOWCTBA HA KpaTepa W HErOBUS
oOKpBkaBalll TepeH (cpeHa BUCOUMHA Ha Mpoduiia Ha KpaTepa, JIOKajeH Tornorpadcku rpajueHrT,
IBI00YMHA HA KpaTepa M T.H.) — Bk MaxanTtu®. ToBa He o3Ha4yaBa, 4e MOP(OIOTHYHUTE
XapaKTepUCTHKU MOrarT Ja ObJaT OUPEKTHO M3MEPEeHU, a 4e HAOOp OT OOEKTHBHH YHCIOBU
MHJMKATOPU MOXKe /1a ObJie MOIyUYeH Ype3 OBTOPSIEM [10YTH aBTOMAaTUYEH MPOIIEC;

v OTKPHUBAHETO Ha acUMETpus B Mpoduia Ha HAPEYHOTO CEUEHHE HA KpaTepa Bb3
OCHOBA Ha aHaJIM3a Ha HEYETHUTE MTOJIMHOMH.

B npemuimnu Tpynose>>’ 6e HOTBBPACHO, Ye YeTHPH HAMpPEYHH CeueHHs Ha KpaTepa ca
J0CTaThUHU 32 OTKPUBAHE Ha FOJIEMU CBJIauuIla B JyHHUTE KpaTepu. OCHOBHOTO IPEIITOJIOKEHNE
€, 4e CWJIECH aCUMETPUYEH KOMIIOHEHT B IIOJMHOMMTE MOXE Ja C€ pasIiiek[a KaTo CUTHall 3a
JBUKEHHME Ha MacH, KOMTO ce Hy»/1ae OT HE3aBUCUM aHaJIU3 3a BCAKO HarlpeuHo ceuyeHue. [1o To3u
HAYMH ca MHTEPIIOJIMPAaHU YeTUPH NTPpo(uIIa Ha HApedyHOTOo ceueHue Ha kparepa oT WACGLD100
DEM, kato ce u3mnoi3Ba ABYJIMHEWHA HHTepnoanus. JIbIKuHATa Ha BCEKU MPOUI € pa3IIupeHa
U3BBH JiBaTa pr6a nmpubiamusutenHo ¢ 30% oT pa3cTosHUETO MeXIy OunaTa. Ta3u IbIKUHA € To-
Kbca OT npuerara B MaxaHTH, KOWTO M3MOJI3Ba NPOMUINTE J1Ba IBTH OT Pa3CTOSSHUETO MEXKIY
Ounara. PereHuero, ochIIECTBEHO TYK, € MOTUBUPAHO OT HEOOXOAMMOCTTA OT MPHUCIIOCOOsIBaHE
Ha ampoKCHUMaIuATa, 3a Aa ce moaenupar npoduiure Ha Cassini A, BMECTO Ja ce Ompenenu
CTaHJapTHa JbJDKMHA Ha Ipoduiia, KOATO Aa ce mpuiara kato 1suto. Ilomyyenure npodunu Ha
HaIMpe4YHOTO CEYECHHE ca OT TUIa MpocTpaHCTBeHa cThiika oT 200 M, olmiaTa AbkKUHA (€IHA U
ChlIla 32 BCHYKH IIOCOKHM) € 25 kusomeTpa u o010 127 eneBannoHHu Touku. Karo ce uma npeasu,
ye uHTepnonanuara or DEM mose 1a BIOmM TOYHOCTTA Ha TOYKHATE ¢ TOYHOCT OT = 10 m 3a
Mapus 1 + 20 3a IIaHWHUTE.

ATpoKCUMHpaHETO ¢ oJuHOMHUTE Ha YebuiieB 6e mpoBeaeHO upe3 u3noi3BaHe Ha M =
26 TepMHHA, CHOTBETCTBAIlM HAa MaKCHUMaliHa cTemeH oT 25. B TakbB ciydait OposT Ha
xoe(HIMEHTHTE, TIpeioxkenn oT Maxautu'’, T.e. M = 16, e IpoMeHeH, 3a 1a ce MOJeIUpa Mo-
no6pe ¢opmara Ha kpatepa Cassini A. OcBeH TOBa, TECTBAaHETO HA CTAaTHCTUYECKATa 3HAYUMOCT

¢ Bux . Mahanti, M. S. Robinson, D. C. Humm, u J. D. Stopar, out. u3s.

7J. C. Mason u D. C. Handscomb, Chebyshev polynomials. 2002. doi: 10.5948/up09780883859537.024.

8 B J. C. Mason u D. C. Handscomb, Chebyshev polynomials. 2002. doi: 10.5948/up0o9780883859537.024.

V. Yordanov, M. Scaioni, M. T. Brunetti, M. T. Melis, A. Zinzi, u P. Giommi, 2016, doi: 10.5194/isprsarchives-
XLI-B6-17-2016

19 Bk P. Mahanti, M. S. Robinson, D. C. Humm, u J. D. Stopar, uur. usa.
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Ha Koe(UIIMEHTUTE OT MO-BUCOK peJl € HACOYCHO KbM TOBa u3cieaBane. [IpaBu BrieyarieHue, de
HSKOU OT KoeduieHTure Ha YeOuieB uMat Bpb3Ka ¢ BaKHU MOPGOJIIOTUYHY MTapaMeTpH, KaTto B
To3u ciy4ail C; e cBbp3aH C OOLIUS HAKJIOH Ha TepeHa. AKO HAKJIOHBT € TBbP/IE TOJIsIM, TOBa Ou
MOBJIMSIIO HA M3YHCIICHUATA HAa KOSPUITUEHTHUTE, TOPAIH KOETO B TAKMBA CIIy4al HAKJIOHBT TPsIOBa
na Obne ,,apemaxHat Ci ¥ Ja ce MPUPABHHU HA HyJa C Led Mo-ToueH aHanwu3. ChIIIacCHO Ta3u
KOHUENIUS NpodMINTe Ha HAIPEYHOTO CEYCHUE 32 BCUYKU M3CIIEABAHH KpaTepH ca MOTyUYeHH.

JlaHHHTE MMOKA3BaT, Y€ caMo B eAuH ciiydaid oT HUCHK pen Ci (M<4) He e mpeMHuHAI TEeCT
(2.11.) - mpu xoepunuent C3 Ha S-N npodun. To3u pe3ynarar € 0coOEHO 3HAYMM, Thil KaTO TO3U
Koe(MIIMEeHT IOKa3Ba JHUIcara Ha acuMmeTpus B mpoduna. ToBa CBOMCTBO MOxe 1a Objae
MOTBBPACHO 4Ype3 pasriiexaanero Ha npoduiua S-N. CrenBamiata cThlKa Ha aHaiuza Oe
(doxycupaHa BbpXY CTaHJAPTHUTE OCTATHIIM ClIe] M34UHCcsiBaHe Ha LS, kouTto ce oyaksa 1a Ob1aT
C HOpMaJlHa AUCTPUOYIUS C HYJIeBa CPEIHOCT.

Hanwuuero Ha rosieMr HEYETHU KOC(PHIIMEHTH € CBHP3aHO C O0IIaTa acUMETpUsi Ha
npoduna. Acumerpusita Moxe 1a 0b/ie CBbp3aHa ChC CBIIAYUINA OT CKJIOHOBETE /10 AbHOTO Ha
KpaTepa, KakTo B ciiydas ¢ kparepa Cassini A. 3a ;ma ce u3cieaBa Ta3ud XapaKTePUCTHKA
abcoyoTHAaTa CTOMHOCT Ha CTaHAAPTU3UPAHUTE HEUETHH KOSHUIIMEHTH € CPaBHEHA 32 BCUUKHUTE
4eTHpH Tpoduia:
¢y ==~ 2.12)

Oci
W3non3BaneTo My MO3BOJISIBA J1a C€ CIIEH M 32 HECHUTYPHOCTTA Ha M3UMCIeHus KoeduuueHT. Ot
Jpyra cTpaHa, mpeHeOperBaHeTo Ha 3HaKa He BOJU 10 3aryda Ha uHQopmanus ¢ el ThpceHe Ha
acumetpus. CTaHIAPTU3UPAHUTE HEYCTHU KOCPUIIMCHTH 332 YETUPUTE NMpoduiia Ha HAMPESIHOTO
ceuenue Ha Cassini A ca npeacraBenu Ha Gurypa 2.6.

“a) - ) 7]

) _ "= d)

@uzypa 2.6. Hemupume danpednn cedenun Aa Cassini A. Ct AUHUA Apodu noy ip om
WACGLD100 DEM; Yepserama AUHUA NOKAIEA @np Ha Kp gopma upez Ha 7il
M=26 yp e cmener 25;Y Ausas np Ha @uzypa d) soxce da Gvde
3aBEARIAN HPEMAXHAMIUR HARTON HA MEPENT.

Upes cpaBHsBaHe Ha Purypa 2.6.a u @urypa 2.6.6, Morart 1a ce Iocoyar ABa €KCTPEMHHU CITydasl.
Haii-ronemure croiiHocT Ha Morart Ja 6baaT HaMepeHu B choTBeTcTBUE ¢ W-E mpoduna, koo
e sicHo acuMeTpudeH. Haii-mankute cToitHOCTH ca cBbp3anu ¢ S-N npoduia, XapakTepu3upari ce
C BHCOKA CTeIeH Ha cuMeTpus. BebiHoceT, Ha @urypa ¢ To3u mpouil He pecuya CBIauYUIIHOTO
0. HanpoTtus, u aBata nuaroHanHu npoduia mpaBsST ToBa M TO3U (akT Moxe aa Obae
pas3no3Har B rpadukaTa Ha abCOMIOTHUTE CTaHIapTU3UpaHu KoeuuueHTu. B cinydas na SW-NE
npodui ce cbob111aBa MHOTO TOJIsIMa CTOMHOCT 3a . B cimyuyas na NW-SE npodun koepunmenture
C HEUeTeH pea Mexay 3 U 9 moka3BaT CTOMHOCTH, KOUTO Ca I10 BUCOKH OT CpEAHATa CTOMHOCT.
Karo kpaen enemeHT OT aHaM3a Bb3HUKBA HEOOXOIMMOCTTA J1a € Pa3pabOTH HOB MOJIXO/]
3a Mo-100p0 anpoKCUMHpaHe Ha HECHOTBETCTBHUATA C TEOPETUYHMS MOJEN, MOpaad KOETo €
MPWJIOKEH HOB KPUTEpUN 3a TAXHOTO pasrpaHuyaBaHe. KoHmenuusra e Ja ce MOIy4dd
arnpoKCHMAaIUs Ha U3CIeIBaHus MPOo(duII, HaIpaBeHo caMo OT NMPHHOCA HAa HEUYEeTHUTE MallaOHU
¢aktopu Ha YeOumes. [lo To3n HAaUMH Ha MOJAETUPAHE MOAJIEKH CAMO aCUMETPHUATA, aKO MMa
takaBa. Korato kparepHaTa ¢opma € CbBbpILEHA, T.€. HAITBJIHO CUMETPUYHA, TOTaBa HEUETHUTE
koepuuueHTH Ha YeOuiies cieqBa J1a ca paBHU Ha HyJa. [lo To3u HauUMH Morar /ia ce U34UCIAT
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npopuInTe Ha peasHd Ka3zyCH, Karo pasjhKa MEXAy HeueTHaTa UM alpoKCHUMauus |
TeopeTu4yHaTa (OCTaThbLUTE OT CpeAHATa JIMHUA C IO0-3HAYMM H3pa3) MPEICTaBIIABA TEXHUTE
CTaHJApPTHU OTKJIOHEHMs. J[OKaTO OKOHYATETHOTO 3aKJIIOUEHUE JNAIH pasIVIeKIAHUIT KpaTep €
MOBJIMSIH OT CBJIQUMIIIHU MPOILECH, TPsIOBaA J1a ce MOJIy4H C IOMOIITA Ha MPaBUIIHO U30paH Mparos
Kputepuii. ToBa oO3HaYaBa aHAIM3MpaHE CTHIKA IO CTHIKA: W3BIMYaHE HA NpoQUIUTE,
anpokcuManus Ha npoduina upe3 YeOuiueB, H3KIIOYBaHE Ha TOMOrpad)CKUs HAKIIOH,
KOHCTpYHpaHE Ha aCUMETPHYHHUS NpOoQuI, W3KIIOYBAHE HA BBHIIHUTE YaCTH M OCTaThYHATA
JUHEIHA TeHIEHIUS, U3YKCIIIBaHE Ha OCTAThILUTE, aHAJIU3 HAa OCTaThLUUTE. BCHYKHU Te3U CThIKU
ca BU3YyaJIM3UPAHU 10 CbOTBETHUSA pell. JIOrMUHO ClieCTBUE OT BCUUKO TOBA € ONPEAEIISIHETO Ha
HSKOU MParoBH KPUTEPHUH, KOUTO Ja MHTEPIPETHPAT MOIYUYCHHUTE pe3yiTaTH. 3a Ta3u el ca
NPUETH JBa - AJANTUBHU W (PUKCUpaHU KpUTEpUU. AJanTUBHOTO € mpeacraBeHo or kRMS
(cpemHOKBapaTeH KOPEH) HA CTaHIAAPTHHUTE OTKJIOHEHHUs, KbaeTto k = 0,8 + 1,35, mokato
¢ukcupanata croitnoct e npar 100 + 170 m (DEM = 10 m). M3uncienusTa Ha Lenus TO3U MPoLec
e mocpenctBoM cb3fageH MATLAB ckpunt. B Hero ca BBbBeIEHHW BCHYKH HEOOXOIUMHU
W3YUCIIUTEIHU CTHIKU 32 CIIOMEHATUTE [0-TOpe CTaTUCTUYECKU TECTOBE, KAKTO U MPEIUIIHUTE
CTBIIKH 32 allpOKCHUMHpaAHE Ha KpaTepa U pa3no3HaBaHe Ha cBiauuiia. Kato HeoOxoauMu JaHHU
3a 3alloYBaHe Ha M3YMCICHHUS Ha MpoduianTe ca HEOOXOIWMH BHCOUYMHHHTE MPO(PHIHN, PHYHO
W3TETJICHU, KaKTO U JKeIaHUs Pe/l Ha allpOKCUMHUPAHE.

OCHOBHM M3TOYHMIIM HAa UH(POpMAIUS ca MOITYYEHUTE JaHHU OT YETUPUTE TEKYILU JTYHHU
mucuu ca: Lunar Reconnaissance Orbiter (LRO) u ARTEMIS ot Hanmonannata aepoHaBTHKa U
kocmmueckute aaMuHucTpannn (HACA) m Chang'E 3 m 5 or kwuraiickara HalnuMOHaIHA
kocmuuecka agmuHucTpamus (CNSA). LRO u ARTEMIS ca opOutannu mucum ¢ 60paoBu
u3MepBatenHu ypeau, nokato Chang'E 3 e OesnwiotHa Mucus 3a uscnenBaHe Ha JlyHaTta ot
CNSA, BxiroyBama poboTu3upan HazeMeH nojBuxkeH amapaT (Yutu). LRO pasnonara ¢ mect
OTJICJIHM MHCTPYMEHTa Ha 0op/ia ¢ 11eJ1 Ch3/1aBaHe HAa TOUHU KapTU U MOJIy4YaBaHE Ha U300paKeHus
C BHCOKa pa3feNuTeIHa CIOCOOHOCT, OIICHKAa Ha MOTEHLIUATHH ObJICIIN MeCTa 3a KallaHe U JIyHHH
pecypcH U XapakTepu3upaHe Ha paquanuonHara cpena'l. Enun oT 060pyiBaHUTE MHCTPYMEHTH €
nazepuusaT antuMerbp (LOLA), xoifTo nMma 3a 3agauya Ja 3acHeMe riiobanHara Ttomnorpadus c
BHCOKa pa3JeNUTeIHa CIIOCOOHOCT, Aa M3MepBa CKJIOHOBETE, I'PalnaBOCTTa Ha MOBBPXHOCTTA U
Ipyru reoMop(OJIOTHYHM TMapaMeTpu Ha MOBbpXHOcTTa Ha JlyHara, 3a Ja NOMOTHE Ha
MOTPEOUTENUTE JIECHO JIa OLIEHAT JaHHUTE OT JIYyHHUTE MUCUU. JIpyrUsT MHCTPYMEHT U JaHHUTE,
MIOJIyYE€HH OT HET0, KOUTO Ca M3IOJI3BaHNU 32 LIEJIUTE HA HACTOSIINS JUCEPTAlMOHEH TPYJ ca OT
Lunar Reconnaissance Orbiter Camera (LROC). LROC ce chcTom oT 1Be Kamep ¢ TSICHOBI'bJIHA
(NAC) u mmpokobrsina kamepa (WAC). lannute 3a HazemHu npobu (Ground Sampling Data
GSD) na NAC wmorar na gocturiar makcumyMm 0,5 M npu 5 xkunomerpa uBuna, nokaro WAC
ocurypsiBa m3o0Opaxenus B ckama ot 100 m mpu 60-kumomeTrpoBa MBHUIIA B celeM IBsTa. B
pesyntaTt Ha ToBa 0T WAC crepeo M300pakeHUsITa € POU3BEICH MOYTH T00ajJeH JUTHTAJICH
teperoB mozen (DTM) ¢ pazgenutenna cnocodHoct 100 x 100 M, kato Global Lunar DTM 100
m (GLD100) noxpusa 98,2% 0T 1snaTa IyHHa IOBBPXHOCT 2 , ChC CPEIHA TOUHOCT Ha HaJIMOPCKa
BHCOYMHA M0-700pa oT + 20 m. Oco6eHo B ,,Mapus‘“-pernoHuTE € olle no-100pe + 10 m.

CrenoBatenHo, OCHOBEH M3TOYHUK Ha JaHHM € u3noi3BaHn DTM GLD100, npoussenen
ype3 uzobpaxxenus or LRO xamepara WAC. Benuku HeoOxoauMu ¢aiifioBU JaHHU ca MOJTYYEeHU
oT odwunuamHaTa yeOCTpaHMIIA 3a pa3mpocTpaHeHWe Ha AaHHW mnoiaydeHn oT LRO. 3a
BU3yaJIM3MpaHe Ha pacTepHUTE H300pakeHUs e u3nomsBaHa [eorpadckara MHpopmannonHa
Cucrema (I'MC) QGIS, kosto npeacrasinssa copryep ¢ orBopeH ko (COK). Bexropuure popmu
Ha Kparepute ca ¢ 5 <D <20 kM.

' G. Chin u cbaBr., ,,Lunar reconnaissance orbiter overview: The instrument suite and mission®, Space Science
Reviews, 2 F. Scholten u cwagr., ,,GLD100: The near-global lunar 100 m raster DTM from LROC WAC stereo image
data®, Journal of Geophysical Research E: Planets, 2012, doi: 10.1029/2011JE003926.007, doi: 10.1007/s11214-007-
9153-y.

12 F. Scholten u cwagr., ,,GLD100: The near-global lunar 100 m raster DTM from LROC WAC stereo image data®,
Journal of Geophysical Research E: Planets, 2012, doi: 10.1029/2011JE003926.
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[Topagu obcrosTeNncTBOTO, Ue Kparepure Ha JlyHata ca MHOTOOpoOifHH, Te ca 00eKT Ha
MOCTOSIHEH MHTEpEeC U Hay4YHU u3cjelBaHus. ENMUH OT OCHOBHHUTE MpOOJeMHU, KOUTO YUYEHUTE ce
OMMTBAT Ja MOAOOPAT € MpedposBaHETO W KapTrorpadupaHeTo Ha KpaTepuTe MO JyHHATa
MOBBPXHOCT M IMOpagy TOBAa MMa JOCTa M3CJIEIBaHUS B Hay4yHaTa JMTEpaTypa 3a pa3iuuHU
TEXHUKHU U METOJMKH 32 HJICHTU(UIIMPaHe Ha KpaTepu. Te3n pa3paboTKu MPeACTaBIsSBAT TOISIM
MHTEPEC U 3a HACTOSUIMS AMCEpPTAllMOHEH TPy mopaau (axra, ue TakuBa MPOJYKTH MOTaTr Ja
MIOMOTHAT 32 MO-0BP30TO U KAUECTBEHO M3CIe/IBaHEe Ha MPoOiieMa, CBbP3aH ChC CBJIAYMIIATA 110
KpaTepHuTe cTeHU. TakbB HpUMep e IPoAYKTHT, pazpaboren ot Ilopunaiituc'? | koitro npencrans
WHBEHTap OT JIOKALIMUTE HA OTHOCUTEIHO MAJIKM KpaTepu ¢ AuameTbp Mexay 5 u 20 km. 3a
MOJTy4aBaHeTO Ha TO3W Habop oT naHHu aBTopute n3noiBatr GLD100WAC u IIEM, nonyyen ot
nazepuust antumeTbp Ha LRO, KOMTO AUTHTANM3UpAT KpaTepuTe Ha JyHHATa MOBBPXHOCT.
KpaiiausaT 6poii renepupanu kparepu e 22,746. HabopbT OT JaHHU ce pa3npocTpaHsBa 0€311aTHO
ype3 cucremarta 3a pasmnpoctpaHenue Ha LRO pmanam na HACA (wms.lroc.asu.edu) u
IpeJcTaBisiBa Ha0Op OT MPOCTPAaHCTBEHM BekTOpHU cioeBe (Durypa 2.16.), KOUTO omucBaT
KpbriaTa ¢opma Ha BCEKHM eIuH Kparep. B arpuOyTHaTa Tabimia ce chabpka HHPOpMAIHs 3a
KOOpJIMHATUTE Ha KpaTEpHUTE LIEHTPOBE U TEXHHUAT Auamersp. OT apyra cTpaHa, JUICBa
nH(pOopMaNKs 3a Bb3PaCTTa U ChCTOSHUETO Ha KpaTrepuTe. B To3u Tpyx ce m3mon3Ba To3u Habop
JIaHHU 32 JIOKAllMK Ha KPaTepu ¢ IMaMeThp MEKaY S u 20 KM, B xoMmOuHams ¢ GLD100WAC.

»

@Duczypa 2.16. Ilpumep 3a navopa oannu 3a kpamepu ¢ 5 < D < 20km (usmounux:

https://pds.lroc.asu.edu/ )

B xoma Ha mpenumiHaTta paspaboTka Osixa aHanm3upaHu obOmo 51 kparepa oT THN
,,OOMKHOBEeHU . JlnameTspbT UM Bapupa oT 2 kM 10 50 kM. Pa3nonoxeHueTo Ha Kparepure e
pasnuyHo - oOxBamia pa3HooOpa3Hu TepeHu Ha Jlynara (ruianuHu, mapusi), Bk ®durypa 2.20.
Hsikou OT KpaTepuTe ca 3aMMCTBAHU OT TIPOYYBAaHETO, U3BBbPLIEHO OT BpyHern'®, 3a na Obaar
M3II0JI3BAHU 32 BaJIMIMPaHEe Ha HOBATa MpeIoKeHa MeTo1oiorus. U Thit kKaTo caMo 0OMKHOBEHU
TUIIOBE KpaTepH ca U30paHu Mopaju TSXHATa IPOCTa CTPYKTypa U popma, 3a CIIOKHUTE TaKUBA €
HEOO0XOIMMO MPHUJIAraHEeTO Ha MOJU(PHUIIMPAH TOIXOI.

13 R. Z. Povilaitis, M. S. Robinson, C. H. van der Bogert, H. Hiesinger, H. M. Meyer, u L. R. Ostrach, ,,Crater density
differences: Exploring regional resurfacing, secondary crater populations, and crater saturation equilibrium on the
moon“, Planetary and Space Science, Tom 162, ctp. 41-51, Hoe 2018, doi: 10.1016/j.pss.2017.05.006.

4 M. T. Brunetti, Z. Xiao, G. Komatsu, S. Peruccacci, u F. Guzzetti, ,,Large rock slides in impact craters on the Moon
and Mercury®, Icarus, 2015, doi: 10.1016/j.icarus.2015.07.014.
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Pa3znonoskenue Ha 51 KpaTrepa H3I10/I3BAHH B NIPEIHHTE

AHAIH3IH
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@Duzypa 2.20 Paznonosxcenue na 51 kpamepa usnonzeanu ¢ npeonume aHaaIu3u

Crnen mpelnBapuUTENHUTE aHAJIM3U C€ CTUra Ja 3aK/IIOUEHHETo, ue Ta3u Opoiika or 51
Kparepa HE € JocTaTbyHa 3a (UHATHOTO (OpPMYyJIHMpaHEe HAa MeToAMKara. J(OMbIHHTEIHOTO
pasmIexaaHe Ha NPEJUIIHUTE Ka3yCu M aHainu3 Ha TepeHa nocpeacrsom WACGLD100 LIEM
MO3BOJISIBA M3BO/IA, Y€ € HEOOXOIMMO J1a ce yBeln4yH OpoiKaTa Ha U3CIIECIBAHUTE CIIy4au, KOETO
OT CBOSI CTpaHa TpsA0Ba Ja CIOMOrHe 3a AeduHupaHeTo Ha (puHanHuTe Mojenu. HoBopa3BuTusT
nporpameH koa B Python, naBa moutn HeorpanndeHn OpOWKH, €TMHCTBEHOTO KOETO TPsiOBa J1a ce
uma e LIEM u BektopHuTte opmu Ha kparepute. [1lo mbpBoHayaneH ananus kparepure ¢ D <100
kM ca nosede oT 70,000. Yucimo, KOETO € MoBe4Ye OT HEOOXOAMMOTO 3a TOBAa M3CIEBaHE.
CrnenoBarenHo, 3a jna ObAe HaMmajeH OpoAT Ha KpaTepuTe € MNpeIpUeTo HaMalsgBaHE Ha
rojeMUHaTa Ha JUaMeThpa. 3a H3CIeBAaHE HAa OOMKHOBEHU KpaTepu IOMBIHUTEIHO Ce
orpaHuyana J10 pazmepu 5 kM < D < 20 kM, ¢ koeTo 0a3ara AaHHU ce QUITPUpA U PE3yJITaThT
MoOxe /1a ce npocienu Ha Gurypa 2.23. aTepecHo € 1a ce 00bpHE BHUMaHUE, Y€ HsIMA JIOKAIUU
Ha kpatepu Hag 60° N u S no reorpadcka mupHHa, ToBa € NOpaau UUIMHIPUYHATA MPOEKIUs
KOSATO C€ M3MOJ3Ba M jAedopmanusaTa HojydaBalla c€ € MNPUOIMKABAaHETO KbM IOJIIOCHUTE,
CBhOTBETHO M JIaHHUTE KOMTO Morar Jia ce u3BiekbT oT LIEM-a me ce uskpuBenu. dunanHaTa
Opoiika e manko nmoseye oT 19,000, HO Bce ome MHOTO royisimMa. 3a ToBa O€ B3€TO pelieHue Ja ce
¢dokycupa TOBa U3CIEBaHE B paiioH ¢ BUIMMO MO-Majika I'bCTOTA KaTo TOM € ONpejesieH Clel

OOMKHOBEH MPOCTPAHCTBEH aHAJIU3 HA I'BCTOTA HA KpaTEpUTE CIIOpea TEXHUs quameTsp durypa
2.24.

Jlokauumn Ha KpaTepH ¢ AuamMeTbp > 5 kM u < 20 km
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Duzypa 2.23 Paznonoxcenue na Kkpamepu c ouamemvp mexcoy 5 u 20 km
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Ipocrpancreeno rpynupane "hot spot" na kparepu ¢
anaMeTsp > 5 kM 1 < 20 km
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QDuzypa 2.24 Ilpocmpancmeeno cpynupane

PeruonsT ¢ OTHOCHMTENHO Hal-HUCKA T'bcTOTa € ompenenedH oT 0° mo 90° E um3touna
IbJDKHMHA (YEPBEHUAT PEruoH), NeUHUpaH KaTo paiioH Ha uatepec (AOM), kKoiTO ce u3non3sa 3a
Ta3u pa3paboTKa, HO Ce BbBEJE JOMBIHUTENHO ycinoBue. Taka kpatepute ce ¢punrpupar ¢ 10 km
<D <20 k™, koeTo 1oBeze a0 895. Topa Hanara TSXHOTO PHUHO aHAIU3UPAHE U TOATOTBSIHE (HT.
2.25.). M3nomn3Baiiku anroputbma 3a u3Binnyane Ha BII Bcuukute 895 kparepa ca obpaborenu u
TEeXHUTE BUCOUMHHM NPOQUIIN ca U3BJIECUECHHU U 3alla3€HU BbB BCUUKU Bb3MOXKHH (popmatu. Llenta
Ha BII e 1a ce nmpuioxu npenunHo pa3padOTeHUAT AITOPUTHM 32 KiaCH(PHUKAIHI Ha KpaTepHUTE
npoduin, cropes ToBa Jald UMaT ceiauduine U He. Ciex ToBa Ja ce MpUIIoXkKaT alrOpUTMHU 3a
MAIIMHHO caMOooOydYeHHe ¢ IIeN MoA00psiBaHe Ha KpaitHus pesynrart. [lopaau cnenuduyHOCcTTa
CH, 3a TE€3U aJTOPUTMH 3a MAIIMHHO OOyYeHHE € M3CJIEC[BAHO BIMSHUETO Ha OalaHCUpaHU U
HeOaTaHCUPaHU BXOJSIIN TPEHUPOBHUHH JIaHHU BbPXY OOMIONPUETHTE METPUKHU 33 BAJTUANPAHE
Ha Kiacupuuupamy aiaroputMu. KaTo pesynraT oT TOBa NpoydBaHE ce€ IpernopbuBa M
0aJaHCHPAHOCT HAa TPEHUPOBHUHHUTE JaHHU 32 00yUeHHE, T.€. MPEICTABUTEINTE OT BCEKH KJIac 1a
ca €IHaKBM IO Opoif, HE3aBUCUMO OT TOBa, Y€ ()EHOMEHBT Ha H3CIIEBAHE MOXE Jla M3sBSBA
HeOaaHCUpaH XapakTep. 3a Ta3| el ca u3BledeHn Tpu rpynu BIl, cnopen tTuna kinacugukamnms,
KOSITO C€ IUIaHMpa Jla ce U3BBbPILIM: OMHapHa, npoduin cbe cBnauuiie (Kiac 1) u takusa ,,0e3%
(Knac 0) unu mHOTOKIIacoBa (cBNayuiie, 6e3 ceinauunie u nedpopmupan (Knac 2). [lenra va I'pyna
I (I'l) e na ce HampaBu TeCT M Jia ce MPOBEPU KaKBa MOXKE Jia € AUCTPUOYLUATA HA U3BJICUCHUTE
npoduu. 3a mpuIaraHeTo Ha AITOPUTBM 33 KIAacHpUIUpaHe, OCOOCHO B clydas Ha
PBKOBOJIGHOTO MAIIMHHO OO0y4YeHHE, € HEOOXOOUMO Jla ce MOAaaaT JaHHU CIOpes KIacoBeTe,
KOHUTO Ca 3aJI0)KEHU KaTo KpaiHa 1ed. 3a 1a iMa J00pu KpailHU pe3yNTaTh, Te3U BXOISIIH JaHHN
TpsiOBa /1a ca 10OpH MpeICTaBUTEIN Ha KilacoBeTe. B KOHKpeTHUS ciydaid, MOXKe /1a ce MpUJIoXkKat
Hal-manko JBa kiaca Ha BII — ,cbc cBmaumme* u Takusa ,,0e3* (Durypa 2.26a,6). Ho cien
npoyuBaHe Ha ['l ce yctaHOBH, e MOXKe J1a ce BKJIIOUM OLIe €AWH KJIaC BUCOUMHHU MPOPUIN —
Laehopmupan® (pwur. 2.26¢).

21



Jlokauuu Ha KpaTepuTe H3NMOJ3BAHH B TOBA H3C/IeABaHe

(anamersp > 5 KM u < 20 Km)
-45

-0 o
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QDuzypa 2.25 Pazwupenu odekmu Ha uzciedeane - 895 kpamepa u maxuomo
Mecmononodicenue.

Cnen u3BnuyaHeTo Ha (UHAIHUS Opol mpoduiaM 3a Beska rpyma, € HalpaBeHO PbYHO
BaMIUpaHe M Ki1acuuIpaHe Ha Te3u npoiiy, 3a Aa ObIaT MPUIKCICHN KbM HIKOM Kilac. 3a
TO3H IPOIIeC € U3M0I3BaHo npuiiokeHrero PyQt Image Annotation, B K0eTo MOTPEOUTENIAT PHUHO
orperneNisi Kiiaca Ha BCEKM €IMH Ka3dyc. B To3u ciaydail Osixa M3MON3BaHM TIPEIBAPUTEITHO
nojryyeHuTe u3obpaxenus Ha BII u ppuHO € onpezeneHa TsXHaTa NPUHAAIEKHOCT KbM HIKOM OT
KJlacoBeTe (cBiauuie, 0e3 cpinavyuile uiu aepopmupan). OCcBeH ppbYHOTO KiIacHUPHUIMpaHe, Ta3u
npolexypa BOIU U O JPYTU HMOJOXKHUTEIHN PE3yITaTH: MbPBO, MOXE Jla C€ ONpeNei KaKbB €
0aJaHCHT Ha BXOMALINTE JAHHU, KOUTO CE M3MOJI3BAaHM 3a 00yUeHHe Ha alropuThMa (IenTa e 1a
uMa eJIMH U ChLI Opoil MpecTaBUTENN OT BCEKU KJIac); BTOPO, MOACUTYpsIBA C€, Y€ B aJITOPUTHMa
HsMa Jla ObJaT NMOoJaieHH JaHHU KpaTepy, He ChOTBETCTBAIIM HA JaJlCHUS THUI CHOTBETHHS THII
(HampuMep CI0XKEH).
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QDue. 2.26 Ilpumepu na mpume Kiaca 6uco4uHHU npoduau

PesynrateT ot knacudunmpanero Ha I'pyna [ He qoBene 10 3aA0BOIUTENHU pE3yIITaTH,
3amoTo Opoiikata Ha BII, kouto Morat ga ObAaT mpeacTaBUTENH 3a Kiac ,,ChC CBIAUUINA‘, HE
MOXKe Aa OBjJe JocraThuHa 3a oOydeHHWeTo Ha crabwieH moxaen. CiemoBarenHo, o0yclaBs ce
HE0o0XOUMOCTTa OT BTOpa UTEpalus ¢ MbJIHUA Opoil kpaTepu (895) KaTo BIBIABT MEXIY IBa
npoduina e cmanen no 30° (I'pyma II), koeTo goBe/e 10 MOYTH TET ITBTH YBEIUYCHUE B OpoiikaTa
BII. Cnen u3Bnu4aHeTo ce HampaBH BTOPUYHO PHUYHO KIAacH(UIMpaHe Ha M300pakeHUsTa U ce
CTUTHa 70 nouyTd 10 mbTH yBenu4YeHne Ha NpopUINTE OT KJIac ,,CbC CBIAYMILE®, OT Ipyra cTpaHa
BII ,,6e3 cBnaunmie* ca 1BoiHO noBeye. ToBa € MbPBUAT NPU3HAK, Y€ MPOOIEMBT ChC CBIAYMILA
B KpaTepuTe € HebaJlaHCHpaH MpoOJieM, T.e. MPHUCHIIU ca MOoBeuYe MPOQUIN, HE3aCeTHATU OT
CBJIIAYMIIHM TpollecH. 3a LEeNUTe Ha HacTosImus Tpya OuHapHUTe Kasdycu oT [pyma II ca
W3IIOJI3BAHU 3a: Pa3lIMPEHO NPUJIOKEHWE Ha aHallM3 Ha OCTAaTBIUTE Ha AampoOKCHMAIHs OT
KoepuuueHTuTe Ha YeOMIIEB 3a yTBbpXKJIaBaHE Ha JUCKPUMUHAIIMOHEH MPAroB KPHUTEPHIi;
BXOJISIIIIM TPEHUPOBBYHHU JAHHU TIPH Je(PUHUpAHE U TECTBAHE HA MOJIEI 32 MAIIMHHO O0y4YeHHe
OT THM ,,’bPBETA 32 B3€MaHE HA peIIeHUs " ; BXOAAIIM TPEHUPOBBYHHU JaHHU NpU JeUHUPAaHE U
TEeCTBaHE Ha 3KYCTBEHA HEBPOHHA MPEXkKa 3a AbJIOOKO 00yueHue; kaprorpadupane Ha KpaTepUTe
criope]; Mojy4deHuTe mo-rope kiacudukanuu. Cien MbpBOHAYaJIHU TECTOBE, C€ YCTAaHOBH ue
npoduHUTE Ka3ycu TpsiOBa 1a ObJaT AOI'BIHUTEIHO YBEIHUEHH, 32 /1a CE IIOBUILY MTPEIIM3HOCTTA
Ha aigroputmute. ClieIoBaTeTHO, TOBA HAJOXKHM Ja ce MpearpueMe cMalsiBaHe Ha BbI'bjla MEXKIY
Tax 10 10° (I'pyna III), koeto ot cBost cTpana nosene Ao noseue ot 15,000 BucounHHU TPOGUITH.
Cren ppuno knacudunupane Ha BII ce crurna no nepunupanero a 2,200 6poiiku npoduim 3a
BCEKH OT TpuTe Kiaca (6,600 o6mio 3a Tpute kiaca). Taka MHOroKIacoBuTe kazycu ot ['pymna II1
ca U3IOJI3BaHU 3a: BXOISIIHN TPEHUPOBBYHH JAHHU ITPH YCHBBPIICHCTBAHE HA MOJIEI 32 MAllIMHHO
o0y4eHHe OT THII ,,IbPBETA 32 B3eMaHE Ha PEIICHHS ‘; BXOMSIIM TPEHUPOBBYHH JaHHU TPU
YCBBBPIUICHCTBAHE Ha M3KYCTBEHA HEBPOHHA MpeXa 3a JbJI00K0 o0yueHue; kapTorpadupane Ha
KpaTepuTe CIOpe. MOTyIeHUTE KIIACH(UKAIIHN.

[IpencraBeHoTo M3cieABaHE Ha MOJIMHOMUTE Ha UeOuIeB mpernonara npeiBapuTeIHUTE
00paboTKM Ha JaHHW TbpBOoHauamHO B Matlab cpema (https://www.mathworks.com/ ).
CutematusupaneTro Ha cTblnkuTe B Matlab e kakTo cienBa: mogaBar ce BXOASIIUTE JAHHU
MpeaBapuTeIHO 00pabOTEeHN W TOJITOTBEHH CIIOPE] MPOILECYaTHUTE M3WCKBAHHS, BCEKH E€IWH
€JIEMEHT C€ MHTEepIIoNupa C TIOMOLITa Ha IOJWHOMUTe Ha YeOuiies; mnpecmsrar ce
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KOe(UIIMEHTUTE Ha BCEKH IOJIMHOM, KaTO C€ OCTaBiAT CaMO HEUYETHHUTE, MpaBU ce oOpaTHa
MHTEPIIONAlKs 10 METOoJla Ha Hall-MaJKWUTE KBaApaTH; MPECMATAT CE€ OCTAThbYHUTE I'PEUIKU OT
CTaHJapTHA JIEBUAIIMS; 3aa3BaT ce U3XOMHUTE pe3ynTaTu B TabnudeH Bua Ha Microsoft Excel ¢
pasmupenue xlsx. B 06001enne Ha Taka U3peACHUTE CTHIIKK Ha 00paboTKa U3BOIUTE Ca, 4 IPH
€/IHO €BEHTYAJHO pa3lIUpsBaHEe Ha Mamiada Ha MpouecyanHus o0XBar, T.e. IPU U3IOJI3BAHE HA B
II'BTH MO-TOJIIM OpOi 0T pabOTHHU ciy4yau, e(eKTUTE HE ca MMOJIOKUTEITHH.

VYcraHoBeHara JMIica Ha aBTOMaTH3MpaHaTa IpOrpaMHa cpefa 3a I[peaBapuUTeIHaTa
00paboTKa Ha BXOJSAIINTE JaHHU Hajlara BCHUKM HEOOXOJUMU CTHIIKU Ja C€ U3BBPIIBAT PHYHO 32
BCEKU €IHMH Ka3yc (B TO3W CiIydail, BACOYMHEH MpoQuI), TOSAUHUYHO. 3a Ja ce peaynupa ao
MUHUMYM pbuHaTa 00pab0TKa Ha JaHHU, KaTO B CIIy4asi Ha BXOJSIIY JaHHU € He00X0AUMO Ja ce
MpEeICTaBd CcaMO MHHHMyMa OT HW3HCKBaHUS B CypoBHS (opmar, ModydeH TUPEKTHO OT
JOCTaBYMKa HAa JAaHHU, B PA3BUTHUETO HAa HYXKHUTE MPOTPaMHMU KOJOBE, C€ 3ajara KpalHUTE
pe3ysTaTd Ja M3Iu3aT MOATOTBEHM 3a JUCKycHs M 3akmoueHus. C men jaa ce mpeojoliee
MMOCOYCHHUSI HEIOCTAThK, KAKTO M OrpaHruYeHHsATa 3a nmo3Bane Ha MATLAB (maten codryep ot
YacTeH XapakTep, NOopaau KOeTo 3a ymnorpedaTa My € HeoOXOIuM JIMIEH3, HE € MOJAaTJIUB Ha
I'bBKAaBOCT), co(pTyepHHUTE pelIeHUS B CIEABAIIUTE U3CICABAHUS Ca IOCPEACTBOM
MPUWIOKUMOCTTa Ha Oe3mnaTtHu codryepu ¢ orBopeH koxa (COK). Usnonszsanero Ha COK uma
HSKOJIKO MPEAMMCTBA - I'bBKABOCTTa Ha MPUIIOKUMOCT, BH3MOXKHOCT 32 HaJrpaxkJaHe CIopen
noTpeOHOCTUTE, OT TJelHAa TOYHA HAa WHTENEKTyaJHaTa COOCTBEHOCT B TOBEYETO CIy4ad €
JOCTaThbUYHO CaMO Ja C€ yNOMEHE OCHOBHMAT pa3paboTumk, kato m3non3Banero Ha COK 3a
KOMEpCUAJIHU 1M 3aBUCH OT HAJOXKEHUS JIMIEH3, TIOCTOSHHO pa3BUBalla C€ U
BB3IIPOM3BEK/AIA ce cpea. U Thil kaTo OTBOpeHaTa HayKa € OT OCHOBHHTE propuTeTH Ha EK!S,
a OTBOPEHHUTE COPTYEPH s MOJIBPKAT U3 OCHOBU KATO MO3BOJISIBAT IOCTHII HA OOIIHOCTTA /10 HOBU
OTKPUTHS U U3CJIEIBAHUS, KOETO OT CBOS CTPaHa BOAM JI0 MOTEHIIMATHO HAATPaKIaHe U IIPOrpec.
[Topanu Ta3u npuunHa Matlab e cmeren ¢ mporpamaus e3uk Python (https://www.python.org/ ),
KOWTO € IIMPOKOPa3MpOCTpaHEH M HMMa MPHIOKEHHE BHB BCHUKH c(epu, OCHOBHO MOpaau
M300MIINETO HA OTBOPEHU JOIMBIHUTEIHY IMaKeTH. Te3H AOIIBIHATE MAKETH CHINO ca pa3paboTeHU
Ha npuHiuna Ha COK u HaarpaxxkmaT v JOMBIBAT OCHOBHHUTE (YHKIIMOHATHOCTH Ha €3WKa B
3aBUCUMOCT OT HY’XKJaTa W MPUJIOKEHHETO. B To3u cMUCHI, €3UKBT € MHOTO J00pe pa3BHUT U
MOIXOJIAI] 32 TEONPOCTPAHCTBEHU aHAIIM3H, 00pab0TKa Ha CATETUTHU U300paXKEHHS U TIpUaraHe
Ha anroputmu ¢ U3kycrsen Unrtenext (UN).

3a nenuTe Ha IUMCEPTALMOHHHS TPy € pa3paboTeH Ko, 3a KOWTO € HeoOXOAUMO Ja ce
noganar karo Bxozsauiu qanau Ludpos EneBanmonen Moaen u kpsroata hpopma Ha KpaTepa BbB
BEKTOPEH TeOmpocTpaHcTBeH QopmaTr. Karo u3XonHU [aHHU ca W3BJICUEHUTE BHUCOUYMHHU
npodpunu (BII) Ha kparepa B paznmuunu mocoku. He e 3aabmkuTenHo Ja ce mojaaBaT JaHHU
MOEIMHUYHO 32 BCEKH KpaTep, T.e. ako moTpebutenar uma 151 [IEM 3a paiiona, koiito ce
W3CIIe/IBa U BEKTOPHU JIAaHHU C JIOKAIMATAa M KpbromaTa (opMa Ha Kparepure, pa3paOOoTEHUST
QITOPUTHM aBTOMATHYHO MOXe Ja u3Bagu Bcuuku BII cropen 3amaneHuTe mapameTp.
EnuncTBEHOTO M3UCKBaHE € JABaTa CJIOS JaHHH Ja ObJla MPOCTPaHCTBEHO-pePEeprpaHu B €aHa U
chllla KoopAuHaTHA cuctema. OcBeH ABaTa Opos BXOJAIIM JaHHHU, ca HEOOXOIMMU Jia c€ BbBeaaT
OIlle JBa BaXHU TapaMeTbpa: Mpe3 KOJKO rpaayca Ja ce MpPaBsAT BUCOYMHHHUTE MPOPUIH —
3amoyBaiiku ot 0° (K0eTo MOXe Jla ce MpueMe 3a TICEBI0 CEBEP) Ha KOJIKO Tpajayca Jia ce HalmpaBu
cnenpamusi Tpod. AJTOPUTHMBT TPABU ITBJIEH OOOPOT MO JMAroHaia Mpe3 TeOMETPUUHUS
LEHTHP Ha Kparepa, CIEeI0BATEIHO HiIMa HyXKJa /1a ce MoJAaBaT CTOMHOCTU No-rojiemMu ot 179°;
Mpe3 KakBO Pa3CTOSHUE Ja Ce MpaBHW BUCOYMHHO M3MEpBaHE MO ThDKMHA Ha mpoduma. To3u
rnapaMeTbp OCHOBHO 3aBHCH OT MPOCTpPAHCTBEHATa pe3oitouus Ha m3non3BaHusi LIEM. Axko ce
3agazae pascrosHue no-roysiMmo ot GSD-To 03HavaBa, ye HE BCUUKHW MUKCENH ca ,,COHIUpanu‘. B
oOpaTHHS cy4ail O-MaJIKo pa3CTOsIHKE, Ce TOSIBSIBA TOBTOPEHHE HA JAaHHUTE, KOETO HAMA Ja Ce

5 European Commission, ,Open Science“, FEuropean Commission - FEuropean Commission.

https://ec.europa.eu/info/research-and-innovation/strategy/strategy-2020-2024/our-digital-future/open-science en
(otBOpen Ha 06 Mapt 2022).
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OTpa3u Ha pe3yliTaTH B MOCIEACTBHE, HO OKa3Ba BIMSHUE Ha BPEMETO 32 00paboTKa — MoBeue
W3JIUIIHA U3MEPBaHUs 03HayaBa rnoseye Bpeme. Cie1 KaTo airOPUTHbMBT YCTAHOBH BUCOUMHHUTE
CTOMHOCTH TO ABJDKMHATA HAa BCEKU MPOQWMI, pe3yiTaTUTe Morar Aa ObJaT 3ama3eHd B TPH
(dhopmarta: BEKTOpEH NMpocTpaHcTBeH (ait (shp) — Bceku nmpodui ciies; ToBa MOXKe 1a ObJie BKapaH
B ['YIC u na 6b/1e M3M0JI3BaH 1Mo NpeHa3HaYeHHe; TadnyeH BU (Csv) — Jiek popmar, B KOiTO ca
3aMMcaHy BCHYKU CTOMHOCTH Ha MO JIBETE OCH (IBKMHA U BUCOUMHHO HUBO); rpaduueH BuU (png)
— npoMIBT € 3ama3eH Kato u300pakeHre U Moxe Ja Objie M3MOI3BaHO 3a BU3yalieH aHainu3. B
JOMBIHEHUE Ha MpeABapuTeiaHara oOpaboTka ca pa3pabOTeHH pelleHus 3a oOydaBaHe U
npujiaraHe Ha MOJIENIY 32 MAIIMHHO 00yueHre HeoOX0AMMH 32 MPELU3HOTO ONpEACIsIHE Ha €UH
BUCOYMHEH MPOPUI KbM HSAKOW OT TPHUTE Kjaca, ChOTBETHO OMpPENEISIHETO Ha MPUCHCTBUE HA
CBJIQYMIITHO TSUIO WUJIH HE.

ITone3nu Morart 1a 6b1aT 1 ApyTru codTyepu, MaKeTH U yciIyru, kakuto ca: QGIS!S : COK
3a Teorpadckn Unpopmanmonna Cucrema, PyQt Image Annotation Tool!”, Scikit-learning'®,
Keras!'?, Google Colab®’, n3nom3Bane Ha rpagMuHy KapTH ¢ BUCOK TOTEHIHAIL

N3BOJIH OT I''TABA BTOPA:

l. W na 3ewmsra, u Ha Jlynata morar na ObJaT WM3MOJI3BAHM PA3jIMYHHU MOXBATH 3a
pa3no3HaBaHe Ha CBJIQUUIIHM Ipolecd M TexHuTe Oene3u. KbM MOMEHTa € HEBBH3MOKHO
IPUCBCTBEHO U3CIIEJBAaHE Ha O€lIe3uTe Ha CBJIAYMIHUTE IIPOLIECH, KOETO 00yciaBs
IPUIOKUMOCTTa Ha TMOAXOAMTE, H3IOI3BAHM 3a CATENUTHU H300pakeHHus. Taka BCSKO
OTKJIOHEHHE OT Kpbromara (hopma Ha KpaTepa BOAM 10 Oelier Ha CBIAYMIICH MPOLEC OT THUIA
,slumps®.

2. BusyanHo pasno3HaBaHe Ha CBJIAYMINA € NPELM3EH [10XBAT, BOJEI IO BHUCOKA
TOYHOCT Ha KpalHUs pe3yJiTaT, B CIy4auTe, KOraro ONepaTopbT € C JOCTaThbYHO OIMT, HO U B
CBILIOTO BpPEME BOJAM [0 HM3KIIIOUUTEIHO OaBEH NIPOLEC, pa3yuTalll €IMHCTBEHO Ha YOBEIIKA
pabotHa cuia. [Topanu Ta3u nmpUYMHA HayYHUTE ThPCEHUS Ca B IIOCOKA /1a CE MPEATIOKH H3LSII0
aBTOMAaTH3MpaHa METOJOJIOTHS, OCBOOO/IEHAa OT CYOSKTHBHH HMHTEPIPETAIMN M YUETO
MIPUIIOKEHHUE J1a TT03BOJIM Pa3ll03HaBaHETO Ha OIrpoMeH Opoit kpaTepu KakTo Ha JIyHara, Taka U Ha
JPYTH IJIaHETH OT TUI 3€MEH.

3. [Ipriio>xuM MeToA 3a pa3sno3HaBaHE Ha KpaTepu BbPXY JIYyHHOTO MPOCTPAHCTBO ca
MoJINHOMUTE Ha YebuiieB, KOMTO ca Mopeauia OT OPTOrOHAIHH MOJIMHOMH. Beeku enuH ot TiX €
C YHUKAaJIHA U HEKOopeIrpaHa popma 1o OTHOLLIEHHE Ha JpyruTe uieHose. [lonuHomure npesarar
M3KJIIOUYNUTETHO HUCKA CTOMHOCT Ha Tpellika, opajan KOeTo ca MPUIOKUMHU 32 allPpOKCHUMUPAHETO
Ha HampeyHu npodmin Ha Kparepd. [1o TO3KM HauMH CBIIO € BB3MOXKHO KJIACU(PHUIMPAHETO Ha
KpaTepuTe Criope]] TEXHUTE MOP(POJIIOTUYHN OCOOCHOCTH U JIAJIH IPUTEkKaBaT TEPACOBUAHU CTEHH,
LIEHTPAJIEH BPbX WJM NaJuHa U T.H. B ChIIOTO Bpeme, MOKE J1a c€ OTIEIM KOMIIOHEHTaTa Ha
acCHUMEeTpHs, KOSITO MOKE /1a C€ TIOSBH NPHU allpOKCUMHUPAHETO Ha HAIIPEUEeH NMPOQUIL.

4. AcumeTpusATa € BaKEH €JIEMEHT U OCHOBHA XMIIOTE3a Ha ToBa u3ciensase. Ilpu
KpaTepu OT THUN ,,00MKHOBEH™ B INbpPBUYHA, HEHapylleHa (opma, KpaTepHUAT Npopuil Ha
KyXWHaTa TpsiOBa Ja € CHMETpUYEH CHpsIMO BepTuKanHata oc. ChOTBETHO, HW3MOI3BalKu
noivHoMuTe Ha YeOuiies, anmpoKCHMUPAHETO Ha HampedeH Npoduia U OTAENSHETO Ha
acUMEeTpUYHAaTa KOMIIOHEHTa MOXKE J1a Ce OMpeAeH Jajli ChbOTBETHUAT npodui e aedhopMupan
10/ Bb3/IEHCTBUE HA CBIIQUUILHYU MPOIIECH.

5. 3a pa3mMpEeHO MPUIIOKEHUE U TECTBAHE HA MPUIOKUMOCTTA HA METOIO0JIOTHATA
MOCPEACTBOM alpoOKCHMHUpaHe ¢ MojauHoMuTe Ha Yebumes, ca m3Opanu obumo 895 kparepa c
Bapupaml auaMeTbp. Ha Tasu ocHoBa e aeduHUpaHa NPUIOKHMOCTTAa Ha aJalTUBHUSA U
(buKcupaHus ParoB KpUTEpUi OT MPEIUIIHO MPUIOKEHHE Ha MOJMHOMHUTE Ha Yebuiies. 3a Ta3u

16 QGIS. 2022. hitps://qgis.org/en/site/

17 PyQt Image Annotation Tool. 2021. https:/github.com/robertbrada/PyQt-image-annotation-tool
18 Scikit-learn. 2021. https:/scikit-learn.org/stable/

19 Keras. 2020. https://keras.io/

20 Google Colab. 2020. https://research.google.com/colaboratory/
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LeJ ca M3BJIICYEHU YETUPU HANPEUYHU CEUECHHME 3a €AMH KpaTrep B Pa3IU4YHHU IMOCOKU CHPSIMO
LIEHThPA Ha Kpatepa u upe3 eneanponeH Mojiea WACGLDI100 ¢ nmpocTpaHCcTBEHA PE30OTIOUSA OT
100 M, mocTarbyHa 3a UACHTH(PUIIMPAHETO HA CBIIAYHIIIHY MTPOIIECH OT TO3H MaIad € peaan3upaHo
anpOKCHMHUPAHETO.

6. Hayuyno o6ocHoBana e I'pyma III npodwin, usnomsBaHu 3a OWHApHO U
MHOTOKJIaCOBO 00y4YeHHE Ha aIrOPUTMU OT TUII MAIIMHHO 00y4€HHe MpH 3ana3BaHe Ha MPUHIINIIA
3a cumeTpuaHOCT B enuH npodwt. ['pyna II1 e ceectaBena ot 895 kpartepa u 3a TAx 0s5Xa U3BICUCHU
BrCcOuMHHU nipodrumm ripe3 10°, T.e., 17 Opos 3a kpaTep uiu o6mo 15 215 Bucounnan npodua.

7. AnpokcuMupaHeTo Ha mpodua upe3 moJmHOMHTEe Ha YuOumieB € caMo Ha 6asa
U3MOJI3BaHUTE aCUMETPUYHU KOMIIOHEHTH Ha noJuHoMuTe. ToBa 00yciaBs HE0OOXOAUMOCTTA OT
CTaHIapTH3UPAHE HAa HEeYeTHUTE KoeuunreHnTH, [1o To31 HaunH cTaBa B3MOKHO HA0JIF01aBaHETO
Ha CTOMHOCTH, HAMHUpAIIU C€ B KpPalHOCTU B JBaTa AuanaszoHa. Hali-rosemure CTOMHOCTH ce
MOJTy4aBaT MOpaay CUJICH aCUMETpPUYCH e(eKT, TOKAaTO HUCKU CTOMHOCTH C€ 3ama3Bar Mmopaau
HaJIMYUETO HAa CUMETPUSL.

8. OmnpenensiHETO HA MPAroBUTE KPUTEPUH 3a JUCKPUMHHUPAHETO HA TPOQHIH
MO3BOJISIBA J1a CE€ TMOKaXKe MO €JHO3HAueH MBbT U3X0Ja OT €IHO H3CIeABaHE 3a KOe(UIIMEHT,
Bapupall B IO-CPEJAHH CTOMHOCTH C TIIOMOIITa HAa W3MOJI3BAH MOAXOJSI CTaTUCTUYECKU
UHCTpyMeHTapuyM. TecTBaHEeTO Ha MPAaroB KpUTEPHil € Ha OCHOBATa Ha aHAJIN3 Ha OCTATHIUTE Ha
anpoKcUMaITis OT KoeuIueHTHTe Ha YeOuIes, upe3 afanTuBeH U GUKCUPAH KPUTCPHIA.

9. 3a  menure  Ha ~ HaydyHHTE ~ M3CJEIBaHHMA W pEHIMMOCTTa  Ha
HAy4YHOM3CIICIOBATCIICKUTE 3a/1a4H ca H3MO0J3BaHu caMo coTyepu ¢ otBopeH ko (COK), mopanu
YCTaHOBEHUTE TEXHHU MpeaumcTBa. [IpumokuMocTTa Ha Te3u codTyepu € MPOAUKTYBaHA OT
OTBOpEHATa HayKa, kato npuopureT Ha EK, momxabpxkaHa oT oTBOpeHuTe cCoPTyepH.

10.  IlpunoxeHn e pa3paborenustT kox B Python cpema upe3 momaBane Ha BXOZSIIU
nanau [{udpos EneBanmonen Monen (m3nomsBan ¢ WACGLDI100) u kpwrosara ¢opma Ha
KpaTepa BbB BEKTOPEH IeonpocTpaHcTBeH ¢opmaT. OCHOBHO M3HMCKBaHE € MPOCTPAHCTBEHOTO
pedepupaHe Ha IBaTa CIIOS IaHHU B €/IHA U ChIlla KOOPAMHATHA CHCTEMA.

11.  Ilpemnoxenutre coTyepHH pelIeHUs MO3BOJISIBAT Pa3IMYHU BUIOBE MOJETH 3a
MaIlIMHHO O0Yy4Y€HHE W OMPENEISTHETO Ha MPUHAICKHOCTTa HA €IUH BHCOUYMHEH PO KbM
HSKOW OT TpUTE KJlaca — 06e3 CBIIa4HIle, ChC CBIAYUIIE WU AeQOopMHUpaH.

I''TABA TPETA. MOJIEJI 3A PA3IIO3HABAHE U OI'PAHUYABAHE HA
BB3JEMCTBUETO HA CHEIU®UYHN CBJIAUYHAIIHU TIPOIIECU BBPXY
KPUTUYHATA HWHO®PACTPYKTYPA YPE3 WM3IIOJN3BAHE HA MH3KYCTBEH
HUHTEJIEKT

C pemaBaHeTO Ha TpeTaTa HAyYHOM3CIIEI0BATENICKA 3ajaua ce IIOCTUra KpaiiHaTa 11eJITa Ha
IUcepTalMoHHus Tpyl. M3cnenBanusita B Tpera IJlaBa ca HACOYEHU KbM BBH3MOKHOCTHTE 3a
YCBBBPIICHCTBAHE HAa METOJOJIOTMATA 3a W3CIENBAHE HA CBJIAYMINHUTE ITPOLIECH HA JIyHHaTa
MOBBPXHOCT M OIpaHMYaBAHE HA TEXHUTE BB3JICUCTBUS BbPXY KpUTHUYHATA UHPPACTPYKTypa Ha
JlyHata uype3 NpuiI0)kKMMOCTTa Ha aJITOPUTMUTE HA U3KYCTBEHUS MHTENEKT (ur. 3.1.)

W3kycTBeH NHTenekt

MawwmHHo OByyeHne
HeBpoHHU Mpexu

Obn6oko
ObyyeHve

@uzypa 3.1. H3Kycmeen unmenekm u Hezo6ume noOCeKmopu
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W3KyCTBeH MHTENEKT € 0OLUI0TO HAUMEHOBaHHE Ha BCUYKU AJITOPUTMH, KOUTO MOraT Jia
B3eMarT pelleHus Ha 6a3aTa aHalu3 OT JaHHU>!. AIFOPUTMUTE 3a U3KYCTBEH UHTEIEKT Ca IIMPOKO
OPUJIOKUMHA M BOJIAT 1O MHOTO 3aJOBOJIUTEIIHU pE3yNTaTd, KOraro ce INpwiarar Ipu
paspelaBaHeTo Ha MpoOJIeMH C roisiM Ha0Op OT BXOASILIMU JIaHHU, KOTaTo HAMa MpPeIBaPUTEITHO
YCTAHOBEH MOJIEN 32 B3€MaHE Ha PEIIeHHs, IM KOTaTO TOYHO TaKbB MOJIEN € MPEKAICHO CIOXKEH
3a TpaJWLMOHHUTE METOAWKH. MalMHHOTO oOyueHue ce Mpuiara B JIBE€ Pa3HOBUIAHOCTH —
PBKOBOJIGHO M HE PBKOBOACHO OOydeHHe. AJITOPUTMHUTE MOraT Aa ObJar 3a KiacupuiMpaHe,
perpecusi U Apyru. 3a LUeIUTe Ha TUCEPTALMOHHUS TPY ca U3MOJI3BaHH aITOPUTMU 32 PHKOBOTHO
oOyuenue 3a kinacudukamus. [Ipu Hero ca HeoOXoaumu HAOOP OT JaHHM, KOUTO ca
MIpeIBAPUTEIIHO pasNpeesicHH B KJIaCOBETE, 32 KOUTO ce MpaBu MOAeNbT. [IpenoxkeHusT ot Hac
MoJieNl € Mpu OWHapHA M MPH MHOTroKJacoBa kiacuukauus. Ilpum OuHapHaTa KiacupUKaIHs
kiacosere ca 1Ba (KO u K1) — Bucounnnu npoduiiu 6e3 cBiIaduIe U TakiuBa ChC CBIAYHUIIE, a IPU
mHoroknacoBata ca - KO,K1 u K2, xkpaero ca nobasenu aedopmupanute BII. Tezu oOyuenu
JAaHHH C€ BKapBaT U MOJENBT c€ 00ydaBa CIIOpe]] TAX, CJIe]l KOETO ce Mpuiiara ,,HayueHOTO  BbPXY
JpyTy HEW3IOJI3BaHM A0 cera Ka3ycu. [Ipum oOy4aBaHeTO Ha TE3M aNTOPUTMHU MMa OMACHOCT OT
,Han3ycTsBaHe", T.e. MOACIHT HayuyaBa MHOTO J100pe XapaKTepUCTUKUTE HA JaHHUTE U TSIXHATa
MPUHAIISKHOCT KbM CHOTBETHHS KJIAC, HO HE YCIISIBA J1a IPHIIOKH HAYYEHOTO, KOraTo TpsiOBa aa
HampaBM Kilacuukalus Ha JaHHU, KOUTO HE ca U3MOJI3BAaHU J0 To3M MOMeHT. [Ipu He
PBKOBOJICHUTE aJITOPUTMH C€ TIOJ]aBaT BXOSIINTE JaHHHU 0€3 MpeaBapUTEIIHO JIa Ca OTNpPeACICHN
TEXHHUTE KJIacOBE. AITOPUTHMBT CaM OTMpeelis KIacOBETe M MPUHAICKHOCTTA HA JaHHUTE KbM
TAX.

Cpo0pa3HO MOCOUYEHUTE XapaKTEPUCTHKH, ca MPEUIOKEHH TPU MOJesia — euH, 0a3upan
Ha MOJX0/1a ,,TbPBO Ha B3€MaHE HA pEIIeHUs* U JBa, 0a3MpaHU HA AITOPUTMUTE HA U3KYCTBEHU
HEBPOHHU MPEXHU .

Mogenst ,,Ciydaiina ropa“ (Random Forest)?? (¢ur.3.2.) e HOCTpOoeH Ha OCHOBaTa Ha
MPHUHIIMIIA HAa TOpa OT AbpBETa 3a B3€MaHE Ha PEIIECHUS U € C JO0Ka3aHa B MHOTIO Pa3jinyHU
HarpaBJieHus ynorpeba mopaau (akTta, ye alrOpuTbMbT € YCTOMYMB HA ,,HAM3yCTSIBaHE U
CBhOTBETHO TO3M (eHOMEH e psakocT. Hamupa mmpoko mpuiiokeHue B KapTorpagupaHeTo Ha

cBIauuina>
Dataset

bl

Decision Tree-1 Decision Tree-2 Decision Tree-N

Result-1 Result-2 Result-N

%ﬁ Majority Voting / Averaging

Final Result
Duzypa 3.2. Cxema na 2opa om 0vpeema 3a 63emane Ha peuieHus (U3MoOYHUK:
analyticsvidhya.com )

2l A. Géron, Hands-On Machine Learning with Scikit-Learn, Keras, and TensorFlow: Concepts, Tools, and
Techniques to Build Intelligent Systems. O’Reilly Media, Inc., 2019.

221.. A. Crawford, ,,Lunar resources: A review®, Progress in Physical Geography: Earth and Environment, Tom 39,
op. 2, ctp. 137-167, Anp 2015, doi: 10.1177/0309133314567585.

BM. A. Brovelli, Y. Sun, u V. Yordanov, ,,Monitoring forest change in the amazon using multi-temporal remote
sensing data and machine learning classi
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ApxuTeKkTypara Ha MOJEIUTE, Oa3upaHW Ha ANTOPUTMHUTE Ha W3KYCTBEHH HEBPOHHU
MpEXHU € 3aBUCH OT Mpobiema, KOMTO cienBa 1a ce pemu. /[BUKeHHeTo Ha U3UMCICHUETO MOKe
na ObJie pa3InuHO — HAMPEIHNYABO, BPBIIAHKU ce Ha3aa U APYru. Te3n MoAenu MpeacTaBIsBaT
Mpeka OT HEBPOHHU (BPBH3KH), KOUTO MO CBOETO €CTECTBO Ca MPOCTH M3YUCICHHS CBbP3aHU B
Mpeska. 3a BCEKH HEBPOH CE€ U3UYHUCIIABAT TErlaTa Ha ypaBHeHUsTa. HeBpoHUTE ca paznpeneneHu
B ,,CKpUTHU" CJI0€BE, KOUTO CHIIO Ca CBHP3aHU €IMH C JIPYT. 3a HEeIUTe Ha TUCEPTAUOHHUS TPY
€ M3MOJI3BaHa KOHCTPYKIUATA HA MPEXH C U3YUCIICHHS HANPEIl ¥ HA Ta3W OCHOBA € MPEIIOKEH
Mozes MHorocioiHu neprentpon mpexu (Multi-layer Perceptron Networks) u moaen J[bn60ko
obyuenue (Deep Learning). [IspBUST mpeacTapisiBa ONMPOCTEHW MPEXKH C HE MHOTO CJIOEBE U
HeBpoHU. OOMKHOBEHO C€ ChCTOST OT €AMH BXOJAI CIIOM, CKPUTH CIIOEBE U €IUH KpaeH Mparon
cioi. OnpocTeH npuMep Ha HEBpOHHA Mpeka € nokazad Ha Durypa 3.4.

O ONONONGC)
ONONORONORONORONG)
O

Input Layer € B® Hidden Layer € R™ Output Layer & R?

@Duzypa 3.4. Heeponna mpesica c eOuH 6xooauy cioil, eoun ckpum c 10 neepona u uzxooauy
C0ii ¢ 06a HeepoHa

[To mpuHIHMIT CTPYKTypaTra Ha HEBPOHHUTE MPEXH € MHOTO TO-CJIIO)KHA — UMAT TOBEYe
CJIOEBE C HEBPOHM, KaTo Ha Ta3W OCHOBA € IMOCTPOEH BTOPHUAT MOAEN, O0a3upaH Ha U3KYCTBEHU
HEBPOHHU MpEXHU.. To3u Mo/iesT OOMKHOBEHO C€ CUMTAa 3a IBbJIOOKA MpeXka, KOraTo ca HaIUYHU
[OoBEeYE OT J[BAa CKPUTH CJIOS M OT TykK ce Hapuuya /[bn6oko obyuenue (Deep Learning). Ilpu
[IOBEYETO HEBPOHA Ce I0JTyyaBaT IoBeue MapaMeTpH 3a MOJIeNa U B ChLIOTO BpeMe Ce MpecMATaT
B IIBTH TIOBEYE TTapaMeTPH Ha HEBPOHUTE. TOBa € ¢ IIeJT MOTy4aBaHEeTO Ha MO-BHCOKA MPEIU3HOCT
Ha npuiiokeHute anropurmu (Purypa 3.5.).

OO0
GO0 0.0 0000
000000
ollofioheNe

OO0 0 0000000
GO OO0 000000

Input Layer € R* Hidden Layer e R  Hidden Layer € R Hidden Layer € R" Hidden Layer € K* Hidden Layer e R*  Qutput Layer € R?

Duzypa 3.5. /[v1060Kka nespoHna mpeica ¢ nem CKpumu cios
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[TocTposiBaHETO HAa MOJENIUTE € €IHaTa CTpaHa. J[pyrara e TAXHOTO BaJuaAupaHe, ePeKTHTE
OT KOUTO Ca B 3aBUCHMOCT OT M30paHUTE METPUKU B 3aBUCHMOCT OT M3CIIEABAHHUS MpPoOIeM.
HenpaBuinHo n30paHuTe METPUKH MOTAT Aa I0BeIaT A0 (aliimBa CHTYpHOCT HOPOJICHA OT BUCOKU
CTOMHOCTH, KOWTO pealH0 ca TpemiHd. ToBa € MHOro BakHa CThIIKA OCOOEHO, KOraTto ce
pasraexaar npobyieMu, B KOUTO (PeHOMEHBT U3pa3siBa HeOaTaHCUPaH XapakTep, T.€. SAMHHUAT Ki1ac
€ HaJM4YeH B II'bTH IOBeue OT JApyrus. TakbB ciyyail € ¢ TepeHHu, 3acerHaTH OT CBJIAyuIla Ha
3emsTa, TOBa ca (PeHOMEHH, KOUTO OT IMPOCTPAHCTBEHA TJIeIHA TOYKA Ca PSAIKOCT B CPAaBHEHHE C
TEpeHHUTEe, KOUTO HE ca 3acerHaru oT cBiayuiia. [lopaau Tasu npuunHa € HampaBeH MoaApoOeH
aHaJIM3 3a MOTEHIMAIHUTE WU TOAXOJSAIIM METPHKH, KOUTO Morar jaa ObJa HM3MOI3BAaHH IpU
aHanu3upaHe Ha cBiaunma’’. B To3um Tpyd ce Hpuiara OCHOBHO OalaHCHPaHA MPEHU3HOCT
(balanced accuracy), 3amoro He ce BiHsie OT HeOaJaHCHPAHHUAT €(PEeKT Ha BXOJSAIIUTE JaHHU.
Cp00pa3HO MOCOYEHOTO € HANpaBEH IMperiie]] Ha Pe3ysTaTUTe OT aHallM3 Ha OCTAThIUTE Ha
anpokcuMalius ot koepunueHture Ha Yebumes Ha 6a3a nmpuioxkenue Ha 51 kparepa - 31 Beue ca
krnacuuIUpany cbe cBaaunia’ u 20 JOIbIHUTEIHH eK3eMILIApa ¢ Lejl pasupsaBaHe Ha Kiaca
Kparepu 0e3 cmmaummie. O0mara cyma Ha M3BJICYCHHUTE MPO(UIN Ha HANPEYHOTO CEYCHHE B
yetupute mocoku e 204. Upe3 BHU3yallHOTO pa3MO3HABaHE HAIMpeuyHUTe MpoduiIn ca
KJIacupUIMpaHu Karto ,,ChC CBIIAYUIIE™ U ,,0€3 cBIauniie’, cboTBeTHO 65 1 139. [1o T0o31 HaunMH
MIPEIJIOKEHUTE MPAroBU KPUTEPUH ca TIOJIIIOKEHH Ha TECT HE CaMO 32 OTKPUBAHE HA aCUMETPHS B
npoMINTE HA HATIPEYHOTO CEYECHHUE, HO CHIIIO U 32 OTIPEIeIsTHE Ha PO(HITH, KOUTO HE TOPaKIaT
cBiauumia. [IpeanosxkeHu ca u ABa MparoBH KPUTEPHS - aallTUBEH KpuTepuil u abcomoreH. 1
JBaTa ca MpeJHa3HAYCHM Ja aHAIM3UPAT IOJYYEHUTE OCTAThLM, IO-CIELHUATHO TAXHOTO
CTaHJIaPTHO OTKJIOHEHHUE. 3a Ta3u LeJ MO-I100pUAT UHCTPYMEHT 3a aHAJIU3UpPaHE Ha CTaHJapPTHUTE
OTKJIOHEHHS € CpeqHUsT KBaapareH kopeH (RMS) Ha Hero. OTHOBO € BbBeJIcH KOSUITUESHT ,,K*,
kpaeto k = 0,8 + 1,35. Kpurepust kRMS e noruuen u3bop, Thii KaTo TOMl Bapupa Mexay
OTJIEIIHUTE CIIyYyau U B TOBA IIPOyYBaHE TOW € HE3aBUCHM 3a BCEKH aHAJIM3 Ha Kparep Ha yjaapa.
Jlokato nparbsT Ha abCONMIOTHATa CTOWHOCT Ha CTAHAAPTHOTO OTKJIOHEHUE Ha OCTAThIIUTE MOCTaBs
CBILIUTE YCIOBMSI 32 BCUUKH U3CieBaHu ciy4yad. HezaBucumo ot ToBa croitHoctu ot 100 1o 170
MeTpa Ha Bcek 10 M ca u30panu Ja ObAaT TECTBAHU KAaTO KpUTEpUil Ha aOCOIIOTHATA CTOMHOCT
Ha CTaHJApTHUTE OTKJIOHEHMs. [lo Bpeme Ha aHaiM3a HEUYETHUTE CBOMCTBA ce OTOENsA3BaT B
U3IOJI3BAHUTE TPAroBU KPUTEPHM, KOETO BOAM 1O TOBA M JBETE Jla UMAT MPOTUBOINOJIOKHHU
edexTu. B mppBuUs cirydail MoraT Jia ce moJiy4aT HUCKH CTOMHOCTH Ha MparoBeTe, KOETO BOAU JI0
HETOYHHU n3MepBaHus. Ha Ta3u ocHoBa nmpodwiy ,,6e3 cBinauuiie’ ca kiiacu(puIupaHu KaTo TakKuBa
,»ChC CBIaunIa®. Ipyr Bb3MokeH e(eKT € MoJIydyaBaHETO Ha TBBHP/E BUCOKH CTOHHOCTH, KOETO
MOJKE /12 YBEJINYM PUCKA OT ITPOIYCKaHEe Ha IPOQHIIH ,, ChC CBIAYMILA ¥ 12 TH THJIKYBA IOTPEIIHO
Karo ,,0e3 cmiauumie”. HezaBucuMo OT TOBa € NpENOpbUYUTENIHA MPOBEpPKA Ha pE3yJITaTUTE.
Pesynraturte oT TOBa H3cienBaHe ca 00001eHH B TaOIMUeH BUJI, KbJETO NPO(UINTE CE Pa3AEIT
Ha TaKuBa ChC cBIaymiia (06mo 65 cexuun) u 6e3 crimauunmia (139). [lo-HaTtaThIHO pa3AeisHe €
HamnpaBeHO MpPHU BBBEXKJAHETO Ha ClIydau C ,,MCTUHCKO™ OTKpHMBAHE Ha XapaKTEPUCTUKUTE Ha
MacoOBOTO JBHKEHHE U ,,HEBAPHO® - CTOMHOCTTA Ha IIpara € TBbPJAE BUCOKA U HE CE OTKPUBA
ceiayuiie. OT apyra cTpaHa KiacuupaHaTa cekIus ,,0e3 cBiIayuine Kkaro ,,BIpHO* 03Ha4aBa,
4ye CTaHJapTHOTO OTKJIIOHEHHE Ha Mpoduia He € JOCTUTHAJIO WM HAJIXBBPJIWIIO IparoBara
CTOMHOCT, KOETO € NpaBWiIHa Kilacupukauus. B HAKOM OT ciydauTe aJanTHUBHUTE WU
aOCOIIOTHUTE CTOMHOCTH Ca HUCKHM U MOXE Jla c€ MOSIBU pa3lo3HaBaHE Ha CBJIAuyuIle, JOKATO B
JIeWCTBUTETHOCT TOBa He € Hanmuie. Upe3 rpaduuHaTa BU3yalu3als Ha pe3ylTaTuTe ca BUIHU
MIPOTUBOMNOJIOKHUTE e(eKTU Ha MpujIaraHuTe nparoBu Meroau. C yBelnyaBaHETO Ha MParoBUTe
CTOMHOCTH MpPOLEHTHT Ha MpoduiIuTe ,,ChC CBIAYUINA®, KOUTO ca MPABHIIHO YCTAHOBEHH,
HamassiBa (OpaH)KeBa JIMHMSI), @ TO3M C HEMPaBWJIHO OTKPHMBaHE CE€ yBeJIW4aBa (CHUBA JIMHMUS).
HezaBucumo oT ToBa, Hall-moOpuAT pe3ydaTaT NpU HACHTUGHUIMPAHETO Ha CBJAyuIla C

24V. Yordanov u M. A. Brovelli, ,,Comparing model performance metrics for landslide susceptibility mapping®, 2020,
ToMm 43, 6p. B3, ctp. 1277-1284. doi: 10.5194/isprs-archives-XLIII-B3-2020-1277-2020.

2 H. J. Melosh u H. J. Melosh, ,Impact cratering, B Planetary Surface Processes, 2012. doi:
10.1017/cbo9780511977848.007.
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peanu3upaH ajanTuBeH Meton - B ciydas k = 0,8, o3Hauasa, ue 83,1% (54) ot npodumnure ,,cbe
CBJIAYMIIA“ ca NpaBWIHO uaeHTHQuuupanu. OT apyra cTpaHa, IpUEMaHETO Ha KPUTEPUM Ha
abCOJI0THA CTOMHOCT yBEJIMYaBa OIIe MTOBEYE MPOIIEHTA YCIICUIHO UACHTUDUIIMPAHH TIPOPHITN HA
Halpe4yHoTO CEYEeHHE ,,ChC CBIAYMINA, TOJy4daBaWku pe3yatatd oT 87.7% npaBUIHO
UHTEPIPETUPAHU CTAaHJIAPTHU OTKJIOHEHMS, ¢ mparoBa croiiHocT s = 100m. Ilpennoxenure B
MIOCJIE/ICTBME TEXHUKU 3a pPa3llO3HaBaHE Ha CBJIAYMILE MOJOOPSBAT MOIY4YEHUTE HpPEIU TOBa
pesynratu. M3non3BaHara cpenHa aOCOIIOTHA CTOMHOCT KaTo KpPUTEpUH 3a HEUYETHUTE
koepuuueHTH Ha YeOuiues, e ¢ noseue ot 12% npaBuiiHO UAESHTUPULIMPAHU TPO(UIH, TPU KOUTO
ce ynaBs cBiaunie. TpsOBa 1a ce oTOenexu, 4e pe3yaTaTuTe BUHAru TpsoBa aa ObaaT mpoBepeHu
Yype3 BU3yallHa UHTEpIIpeTalys Uik aKO UMa HAJTMYHU MHOTOCIIEKTPAJIHU U300pakeHuUs.

[Tpu Bu3yaiM3auusaTra Ha pa3sLIMPEHOTO IMPWJIOKEHHWE HA aHalM3a Ha OCTaTbIUTE Ha
anpoKcUMalus ype3 KoepuueHTuTe Ha Yebuies e u3cieBaHa NpUIOKUMOCTTa Ha alalTUBEH
u (QUKCHpaH MparoB KpuTepuii — mnpuioxkeHue Ha ['pyma Il pasmmpenu kasycu. Tosa e
HEo0XoaMMO M mnopaau (akra, 4ye He € BB3MOXKHO Jla C€ ONpeAeiad €IMH CcTaOuJIeH NparoB
JUCKPUMMHALIMOHEH KPUTEPUHM, KOWTO na Moxke na orpeau BII kbpM HSAKOW OT BB3MOYKHHUTE
kiacoBe (KO ummn K1), ¢ Bucoka crenen Ha npeuusHoct. Ilopaau ToBa npeiBapUTEIHUTE aHAIN3U
ce 3a7p1009aBaT ¢ IOIBIHUTEICH OpOl Ka3ycH, M030BaBalKM Ce Ha XHUITOTE3a, Y€ MPHIIOKEHUETO
Ha [IOBeYe ClIyyau BOJU A0 Je(pUHUTUBEH U300p Ha ITParoB KpUTEpUil, HE3aBUCUMO JAJIH € OT TUIA
ananTuBeH win pukcupan. [Topaau Ta3m npuyrHa ca M3NM0A3BaHN OMHAapHUTE Kasycu oT ['pyma IL
Ta3zu rpyna npeacrasnsiBa BII uzBneuenu ot 895 kparepa, kKaro breja Mexay Tax e 45°,
cienoBarenHo oommst Opoii Ha BII e 3,580, pasnpenenenu crorBetro B KO 3,791 u B K1 1,579
BHUCOYMHHHU MPOGUIN, KOUTO MPEABAPUTEIHO Ca ONpPEeSIeHM PhbUYHO KbM CHOTBETHMs Kiac. 3a
MOTEHLIMAJIHU NPAaroBU KPUTEPUM Ca H3MOJI3BAHU CIEIHUTE CTOMHOCTH, CHOTBETHO OT THIL:
AnantuBeH — kKRMS, kpero k=1, 1.2, 1.5 u 2. u ®ukcupan — k, kpaero k=30, 50, 100, 110, 120,
130, 140, 150 u 170. [IpencraBeHuTe 0000IIEHN METPUKHU TTOKA3BaT, Ye Ha 0a3a MpeIOKCHUTE
JUCKPUMHMHALIMOHHY IIParoBH KPUTEPUHM HE MOJKE Jja CE ONPENEIN €AMUH Ipar, KOWTO Aa pa3nens
JBaTa KJjlaca ¢ BHCOKa IPELM3HOCT, KOATO C€ OKa3Ba, Y€ B TO3M Cilyyail He e Hail-moOpata
XapaKTepUCTUKa TMOpaad TrojeMus AucOallaHC MeXay KiacoBeTe KiIacu(DUIUpaHU JIaHHH.
CrnenoBatenHo, 11eJ1ech00pa3Ho € U3I0JI3BAaHETO KaTo METpUKa OalaHcupaHarta npenusHocT. Ha
Qurypa 3.8. ca mokazaHU CTOHHOCTHTE Ha OalaHCHUpaHaTa IMPELU3HOCT 3a BCEKM €IUH OT
MOTEHIIUAJIHUTE [IParoBu KPUTEPUH.

Balanced Accuracy
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@Duzypa 3.8. Cmoiinocmu na 6anancupanama nPeyu3HOCM CROPeod 6CeKU eOUH NPUTIOHCEH
npazoe Kpumepuii

[IpaBu BnewaTyieHWe, Y€ MpPU H3MOJ3BAHETO HA AaJaNTUBEH KPUTEPUW KpalHaTa
OanmaHcHpaHa MPEU3HOCT € Ha mpara oT 0.5 u moja Ta3u CTOMHOCT, T.€. MOXKE Ja Ce MpHUeMe, de
MIPU MPUJIATAHETO Ha TO3M Mpar Bb3MOKHOCTTA 3a MPaBMWITHO Kiacudunupane Ha BII e Ha cimyuaen
npuHnw. [Toka3Ba 1 Bb3MOKHOCTTA J1a Ob/1€ BIpHA eHa KiacupuKalys, a tMeHHO Korato € 50%.
Te3u mokazaTenu He MOTaT Ja Ob/IaT MPUETH 3a YCIICIIHU 1 IPIIIOKUMU U B Obenie. MHTepecHo
€, 4e Te3W HaOJI0JICHUs ChBIAJAT C PE3yJITATUTE, MOTYYCHH MPU MbPBOHAYAITHOTO MPUIIOKEHHE
Ha Ta3u Meroauka (Ha 51 kparepa). OT apyra cTpaHa, MpU H3IMOI3BAaHETO HAa (UKCHUpPAHU
CTOMHOCTH 3a KpUTEPUH Ce MOJTydaBa Mo-BUCOKa OalaHcupaHna mpenu3HocT < 0.5, KoeTo mokassa,
Ye BCEKH €IMH OT TE3H MPUIIOKEHH ITPAroBU KPUTEPHUH CE CITPABS MO-100pe ¢ TMCKPUMUHUPAIIUST
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aHaJlM3 B CpaBHEHHeE ¢ anantuBHuTe. Karo Haif-moOpu pe3ynraTti ce 3a0ens3Bat npu croiHocT 50
n 100, c maBHO CHUILIABAHE HA MPELUU3HOCTTA [IPH YBEJIMYABAHE HA [IparoBara CTOMHOCT.

3a 1a ce ompeenu KOs OT IBETe CTOMHOCTH Ce CIIpaBsi Mo-100pe ¢ mocTaBeHara 3ajaa4a, €
HE0OXOaMMO J1a ce pasrienar u npyrure Mmerpuku (Purypa 3.9). B To3u cinyqaii Kappa u F1 npu
nparoB kpurepuii 100 ca mo-Bucoku ot te3u Ha 50, kakTo U Te3u Ha Precision. CriegoBaTenHo,
n300pbT Ha (pukcupaH nparoB kputepuid 100 Boau 10 HAM-100pU pe3yJTaTH OT TE3H, U3JI0KEHU
JI0 Cera, KOeTO MOTBbPXKAaBa 3aKI0UEHHUATA OT MPEAUIIHOTO MPUIaraHe Ha Ta3u MeTojiuka ¢ 51
Kparepa.

Metpukn Ha 50 u 100 nparoBu kputepun
1.20

1.00 0.96

0.80 ).74 0.7
E 0.7: =
- 70
0.66 067 067
0.60
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100
0.40

0.20 .
0.09 0.10

o Accuracy Balanced Kappa ROC Precision Recall Fl
Accuracy
QDuzypa 3.9. Cpagnenue Ha OUCKPUMUHAYUOHHUME MEMPUKU

[Tonyuenure pesynraTu, caMu 1o ce0e CU ca MHTEPECHU U 3aciyXaBaT KpaTbK Ha aHAIU3
Ha anpoKCUMaluATa, 33 Ja ONpPEAeNMM 3all0 T€3W IParoBU KPUTEPUM HE MOra Ja MOCTUIHAT
BHUCOKa TOYHOCT IpU pa3rpaHuyaBaHe Ha ABaTa kiaca. Ha @urypa 3.10. ca npencraBeHn U3Baku
ot anpokcuManusta BIl ¢ HeuetHu xoeduumentu Ha Yebuiies, ¢ oTOENsA3aHU MUHUMAIHU U
MaKCUMaJHU CTOMHOCTH Ha allpOKCUMAIIUATA.
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QDuzypa 3.10. Anpoxkcumayusn upes neuemuume Koepuuyuenmu na 4Yeouwmes, c omoenazanu
MUHUMATIHU U MAKCUMATHU CMOUHOCMU HA ARPOKCUMAUUAMA
B cnywas e mpencraBeHa mMpeacTaBUTENHA W3BagKa OT alpPOKCHMAIMUTE M TIOKa3Ba
(heHOMeH, KOWTO MOXKE J1a OOSICHU 3aIl0 € TPYJHO Jla Ce HalpaBU Mpelr3Ha. 3a pasziuka OT
TeopetuyanTe Mojenu Ha BII u TAXHOTO anmpokcuMupaHe, B peaTHOCT KpaTepuTe He BUHATH Ca
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nep(eKTHO CUMETPUYHH, KOTaTo Ce TOBOPH 3a HEeImpoMeHeHu HavainHu BII, a HanpoTus, BuHaru
ce HaMHUPAT HE3HAUUTEIHH €JIEMEHTH, KOUTO HapyIaBar nepdexktHara cumerpus. CiaenoBaTeHo,
€/lHa anpOKCHMAIUsl C HEYETHUTE KOS(UIMEHTH, OCBEH MPH TEOPETHYHH (POPMHU HA KpaTepu C
neppeKTHa CUMETPHSI, MHOTO PSIKO MMOKa3Ba CTOMHOCTUTE M TEXHUTE OCTATHIM OT CTaHJapTHATA
JIeBUALMS ca PaBHU Ha HyJja. 3a TOBA JAOPU U IPU HapylLIeHa CUMETPUS [TOPaJy CPUB Ha CKIIOHA,
MOXE Jla c€ JIOCTUTHE JI0 Ciiydasi, koraTto croiHoctute npu asata kimaca (KO u K1) ca mHoro
6mu3ku. ToBa OT CBOsI CTpaHa, 3aTpyAHABA AS(PUHUPAHETO HA MPAroB KPUTEPHU, KOeTo 00ycaBs
HeoOX0aUMOCTTa Ja ce NpuOerHe KbM KOMIUIEKCHHU, MOKE€ OM HENMHEWHU aJrOpUTMH 3a
knacuukanusa. B chIIOTO BpemMe € BaXHO Ja C€ HalpaBH IPOYYBATEIIEH aHAIU3 Ha
koeduimenTuTe Ha Yebuies, 3a J1a ce HAIIPaBAT T00PH XUITOTE3H, HA KOUTO J1a € 6a3upaH u300pbT
Ha K1acupuIupa aropurbM. GakThT, Y€ pe3yNTaTHTE U 3aKITIOUEHUTA OT ABETE MPUIOKECHUS
Ha MpeJUIoKeHaTa METOMKA ChBIIAJAT, € J00bp MOKa3arel, OT eHa CTpaHa, 3a BaIUJIUPaHE Ha
METOJIMKATa, a OT Apyra - 3a MOCIEA0BaTEIHOCTTa Ha IIOJyUYEHUTE pe3ydTaTu. B cbiioTo Bpeme,
Te3U pe3yJITaTH OKa3BarT, ye Taka MpeUI0KeHUTE MParoBU KPUTEPUU HE MOraT Ja Kiacupuuupar
MO/IaJICHUTE JaHHM C BHMCOKa mpeuu3HocT. C pasriaexjaHe Ha IOJyYEeHUTE METPUKHU ce
YCTaHOBSIBA, Y€ YCIIEBAEMOCTTa B MOBEUYETO ciayyau € Manko Haj 50%, B Hal-moOpHUAT ciiydait
54%, xoetro € KpallHO He3a/l0BOJIUTENEH pe3ynTar. [IpuunmHaTa € mpesyMmmuusra Ha TakuBa
METOJIMKH, Y€ CJIe/I KaTOo ca BAIMIMPAHH T€ CE U3IMOI3BAT 3a KiIacupUIpaHe Ha HAOOpH OT JaHHU,
32 KOWTO HsIMa J1a UMa BJIMIUPAIIN CTOMHOCTH M BCEKH MOTPEOUTEN M3IOJ3BAIl TO3H METOJ
TpsiOBa 1a ce J0oBepsiBa Ha KpallHUS pesynrar. ToBa e mokasaTeln, 4e YCHUJIHUsATa cjelBa Ja ce
HAcOYaT ¥ KbM APYTH METOJHU, KOUTO MOTaT Ja TUCKPUMHUHHUPAT MOJAICHUTE KOSUIIMCHTH Ha
YeOuIeB 1 1a MOrat ¢ TojsiMa TOYHOCT J1a ONpeAeNsaT npuHaainexxnoctTa Ha BII kbM HAKOH OT
kiacoete (KO nim K1). 3a ToBa 1 B crieiBaIiTe YacTH HA Ta3M IJ1aBa ca OOCHICHH PE3YJITaTUTE
OT MPHUJIATAaHETO Ha METO/U, CBHP3aHH ¢ anroputMu 3a M3kycrBen MHTENEKT, KOUTO UMAT 3a LeJ
Jla TOCTUTHAT BHCOKA KJIACH(PHKAIIMOHHA TPEIU3HOCT U /12 IPEAOCTABSIT Bb3MOXKHOCT 3a JOBEpHE
B TEXHUTE KpalHU pe3yiTaTu. 3a Ta3u el € U3BbPIICH MPOyUBATEICH aHAINU3 HAa KOSPUITUCHTUTE
Ha YeOuies, mbpBaTa CTHIIKA OT KOWTO AECKPUITHBEH aHAIN3 HA BXOIIINTE JaHHU. 3a Ta3u Lel
ca n3bpanu nanHute ot I'pyna III, ceappxkamum u asara kinaca KO u K1. Texuusat uzbop e
apryMEeHTHpaH MOpajy KOJIMYECTBOTO Ka3zyCH, KOUTO ChIbpka Habopa. 3a mo-u3depraTesieH
aHaJM3 ca BKJIIOYEHU BCUYKM M3UMCIIEHH KOe(HUIMEHTH Ha noiuHoMuTe Ha YeOumen. OcBeH
CTaTHUCTUYECKU aHaIM3 Ha KOoe(UIUEHTHTE, € HeOOXOIMMO Ja Ce aHaJlu3Mpa U KOopelanusara
Mexay otaenuute koedpumnuentu (Ourypa 3.11.).

Correlation Matrix 0-1 Class
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QDuzypa 3.11. Mampuya na Kopenayus na Koegpuyuenmume
W3BoauTe, KOUTO cieaBaT OT MpejicTaBeHara MaTpuia ca: KoepuuueHtuTe ¢ mo-HUCHK
panr (mo CO8) umat Hail-ronsiMo BiusiHUE BBbpXy kiaca BII (mpencraBen ¢ 00600meHOTO UMe
TrueHazard); Haii-ronsima xopenanus Mexay KOCPUIUMEHTHTE MMa BBTPEIIHO B JABETE I'PYIH
(4eTHM M HEYETHM), HO TOBa € OYAKBAaHO, ThH KAaTO € €JHa OCHOBHHUTE XapaKTEPUCTHUKU Ha
nonuHOMHTE HA UebumeB; Hali-romsiMa monoxxutenna kopenanus BB Bpb3ka KO wm K1 nma C4;
Haii-ronsima orpunatenna kopenanus uma Mmexay CO u C4. CpaBHUMOCTTa Ha TUCTPUOYIUATA HA
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BCUYKU KOSPUIIMEHTH MOMEKIY UM € BU3yalnsupaHa ¢ ¢urypa no asoiiku (durypa 3.12.), Ho
ThH KaTO € MHOTO TrojisiMa 3a BCHMYKH KOe(UIIMEHTH, ca MPEJCTaBeHH CaMO 3a IM'bPBUTE IIECT
KOoe(HIIMEHTA.

@Duzypa 3.12. /lucmpudbyyuu no 060iiku na Koepuyuenmume na Yeouuee cnpamo
npogunnume knacoee K0 u K1
[IpaBu BricuaTiieHHE, Y€ CTOMHOCTUTE HA KOS(DUIIMEHTUTE CE MPETIOKPUBAT HE3aBUCUMO OT
knaca BII. 3a na ce uzsicnu no-3a161004€HO CUTyalHsITa C BXOASIIUTE TaHHU U 3a J]a MOXeE Ja ce
n3bepe MOIXOAMI KIaCH(PUITpaI] alrOpuThM, Ca aHAIM3UPAHU M TIABHUTE KOMIIOHCHTH, C
YHITO pe3ynTar Jia ce OTAEIAT caMo Hail-BakHHUTE U Biusiemu koedpunuentu (Qurypa 3.14.). B

TO3U aHAIU3 € BKIIFoUeH u K3.
Scree Plot

Variance Explained

2 4 6 8 10 12
Principal Component

QDuzypa 3.14. Baxcnocm na komnonenmume cnopeo OUCnepcusaAma Ha mexHume

cmounocmu.

[IpenBun Ha TOBa, Y€ B pe3yaTaT Ha NMPWIOKEHUS aHAJIW3 HA INIABHUTE KOMIIOHEHTH U
COPTUPAHETO UM IO BaXXHOCT, HE CE€ CTUTHA JI0 SICHO M3pa3eHU IJIaBHU KOMIIOHEHTH, KOUTO Ja
pasrpaHMyaT OCHOBHUTE KoeduuueHTH Ha YeOuimieB. 3aroBa B cieBaIIUTE NMPUIIOKEHUS Ce
M3I0JI3BAaT CaMO HEYETHUTE WJIM BCUYKHU KOe(DUIIMEHTH 3a BU3yaIU3UpaHe Ha MOJICTIUTE, Oa3upaHu
Ha aJICOPUTMUTE HAa NU3KYCTBEHUS UHTEIEKT.

3a BuU3yalIM3UpaHETO Ha pe3yinraTtute oT anropuTbm Random Forest ca nHampaBeHu
MHOYECTBO UTEpaAlUH 3a JAeUHUpPaHE HA ONTHUMAJIHUTE MapaMeTpu, KOUTO Jia IoBenaT 0 Haii-
noOpu pesynTtatv. B cieaBamuTe yacTH ca MpeACTaBeHU caMmo Hail-ycnemHute. Kakto u npu
JpyTUTe MPUIOKEHUS, C alTOPUTMHUTE ca 00yueHH JBa MoOjeja CIopes THUMa Kiacudukauus -
6unapHa (camo 3a KO u K1) mnu muoroxmacosa (K1, K2 u K3). Kato HaGop ot manHu ca
n3non3Banu te3u or I'pyma II m III, HO THI KaTo M3moi3BaHeTO HA JaHHUTE OT I'pyma II He
MO3BOJISIBAT Ja MOJYYUM 3a/I0BOJIUTEIHU PE3YITaTH, ca U3KIIIOUEHHU U MOPaau Ta3u MpUYMHA He
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ca 0OCHXKIAaHU pe3yJNITaTH 3a TAX, a camo Te3u 3a ['pyna III. 3a nepunupane Ha moxen Random
Forest crmexg onTUMH3alMOHHM WTEpallud C€ CTHTHA JO CIeJHUTe mapamerpu: bpoil Ha
ectumaropure (,,AppBerara B ropara’) - 10,000; Makcumanna gpn6o4ynHa Ha gppBetata — 1,000;
Munumainen O6poit Ha pasaensHe — 10; Kpurepuit — entponus; Ouenka Out-of-the-Bag — Jla.
CBHOTHOIICHHUETO 32 pa3/eisTHe Ha BXOSAIIHS HA00Op OT JaHHU Ha oOyunTesneH u TectoBu e 70:30.
B croTBeTCTBHE € TOBA Cca JOKJIaBaHU MaTPUILIUTE HA TPEIIKU ¢ OOYUYUTEITHUS U TECTOBHSI HAOOp
Ha 0a3a OuHapHaTa KJIacu(pUKaIMs, ca moka3zaHu B Tabmumu 3.4. u 3.5.

Tabauna 3.4.
MaTpuna Ha IrpelIKuTe — 00y4YHuTeTHA
Martpuna Ha Balanced ..
patt KO | K1 |Accuracy Precision|Recall| F1
TpelKHATe Accuracy
KO 1762, 14 0.99 0.99 0.99 0.99 (0.99
K1 15 |1760
Ta6auna 3.5.
Martpuua Ha rpeliKuTe — TeCTOBa
Martpuna Ha Balanced
pr KO0 | K1 |Accuracy Precision | Recall| F1
TPeNIKHTE Accuracy
KO 394 | 49 87.00 0.87 0.89 0.85 (0.87
K1 69 |375

AHanu3bT HA TaKa MOJTYYCHUTE PE3yJITaTU JaBaT OCHOBAHUE 32 TBBPICHHUETO, YE MOACTHT
e o0yueH MHOTO J00pe U yMmee aa pasno3HaBa u kiacudunupa BIl B npaBwianuTe Kinacose. OT
Jpyra CTpaHa ¢ MPUJIOKEHUETO Ha TECTOBUS HAOOp OT JaHHH, PE3yJITaTUTE JIEKO CE BIIOIIABAT,
KOETO IO MPUHLMUII € HOPMaJIHO, HO pa3jiuKaTa MEXIy JBaTa pe3yiTara M3IVIekAa MaJKO IO-
rojsimMa, KoATO MOJCKa3Ba 3a JIEeKO ,,Hau3yCcTsBaHe ' Ha OOyUYUTETHUTE JaHHU U 3aTPyIHSIBAHE PU
KJIACU(PUIIUPAHETO HAa HEBIDKJAHU JI0 CETa CBJIAYUIIHU MPOIIECH.

[Ipu TecTBanero Ha 0aza MHOTOKJIAacoBa KiIacHU(UKalMs, MAaTPUIMTE HAa TPEIIKUTE ca

nokasauu B Tabiumu 3.6 u 3.7.
Taoauna 3.6.

MaTpuna Ha rpelikuTe — 00y4YuTeTHA

Martpuma Ha Balanced
pri KO| Ki | K2 Precision|Recall| F1

rPemIKuTe Accuracy
Ko 1732 22 22 0.94 0.98 |0.96
K1 66 1679 31 0.97 0.95 |0.96 0.96

K2 46 35 1694 0.97 0.95 |0.96

Taoauna 1.
Martpuua Ha rpeliKuTe — TeCTOBa

Marpuna Ha . Balanced
P KO0 Ki K2 |Precision|Recall| F1
TpemIKHTe Accuracy
Ko 356 62 25 0.80 0.80 |0.80
K1 75 272 97 0.63 0.61 |0.61 0.72

K2 16 97 331 0.73 0.75 |0.74

[TogoOHO Ha OwHapHaTa KiacudUKaIMsI, MHOTOKIIACOBATa CHIO MOKa3Ba MHOTO 100pH
pe3yNTaTu C pas3lO3HABAaHETO HA KIIACOBETE IO BpeMe Ha OOyYMUTENHHS MEepuo], AOPH U C
He3HauHuTeNHU Tperku. Ho ce mosBsBaT nmpobieMu B mpoleca Ha BaduaaIus, Korato TpsoBa Ja
ce MpelIBHIM TMpHUHAJUIeKalus Kiac Ha Hsikod HOB BII. 3a ga ce mpeoponesT mocoueHuTe
MPOMYCKU Ha JIBaTa BapWaHTa KIacCH(PUKAINK, ca MPUJIIOKECHH alropuTMuTe 3a M3KycTBeHH
HeBponuu Mpexu.

[Ipu u3non3panero Ha anroputMute Ha M3kycTBeHr HeBpoHHM MpexkH ChIIO ca 00yueH!
JIBa MojieNia criope] Tuna kinacudukanus - ounapaa (camo 3a KO u K1) unu muoroknacosa (K1,
K2 u K3). Kato Habop ot nannu ca usnonsBanu aanHute ot ['pyna Il u Il u nmo mogobue Ha
MpEeAXOAHUS MOJIEN U3IMOI3BAHETO Ha JaHHUTE OT ['pyma Il He BoaM 40 3aJ0BOJIUTEIHU PE3YITATH,
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U 32 TOBa HE ca BKIIOYCHH 3a TAX pesynraTu. OOckxkIaHuTe pe3yaTartu ca camo 3a ['pyma III. 3a
nedunupane Ha Mojaen Multi-layer Perceptron Networks cien onTUMU3alIMOHHM UTEpaIMU Ce
JIOCTUTHA JI0 CIEAHUTE mapaMmeTpu: bpoii Ha HeBpoHHUTE clioeBe — 7; HeBpoHM cniopen ciioeBete
- 2056,1028,512,256,128,64,32; AxtuBupamia ¢pyakuus — RelLu; Makcumainen Opoit urepanun —
1,000; Kpurepuit — entponusi; CKopocT Ha yueHe — ajantuBeH. ChbOTHOIICHHE 3a pa3feiisiHE Ha
BXOJSIIMS HA0Op OT JaHHU Ha oOyuuTeneH u TectoBu ¢ 70:30. Buszyanuszanusara e nmoka3aHna Ha
¢wur. 3.15.

®@urypa 3.15. Mamadéupan Mmojes Ha u3d0paHaTa HeBpoHHa Mpe:xa (x 0.1)
Pe3ynraTuTe OT TECTBaHETO Ha IPEIIKUTE HA 0a3a OMHapHa KiacupuKauus ca

mokas3anu B Tadmuim 3.8. u 3.9.

Tab6auna 2.8.
Marpuua Ha rpelikuTe — 00y4nTeJ Ha

Matpuna Ha Balanced .
P KO0 | K1 |Accuracy Precision | Recall| F1
TpelIRuTe Accuracy
KO0 1549 227
87.00 0.87 0.87 0.87 |0.87
K1 239 (1537
Ta6auuna 3.
Marpuia Ha rpeliKUuTe — TECTOBA
Martpuana Ha Balanced .
P KO0 | K1 |Accuracy Precision | Recall| F1
TpPelIKuTe Accuracy
KO0 365 | 78
82.00 0.82 0.82 0.82 |0.82
Kl 82 | 362

C monyyenara kinacudukanus or MLP e Bummmo, ye MOAeNbT € MHOTO CTaOWIIEH B
cpaBaeHue ¢ Random Forest. [lopu u pesynratute 1a ca Mamko MO HUCKO OT MPEIXOAHUS MOJET,
to MLP ycnsBa no-go6pe aa kiiacuuuypa TeCTOBUTE JaHHU.

Pe3ynTature OT TeCTBAaHETO HA TPEIIKUTE — OOYUUTENIHA U TECTOBA, Ha 0232 MHOTOKJIacOBa
Kiacudukanusi, ca nmokasanu B Tadsmmmm 3.10 u 3.11.
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MHoroknacoBa kiacupuxkanus
Taoauna 3.10
Marpuua Ha rpelikuTe — 00y4nTeIHa

Marpmua wal o' 1 | K2 | Precision| Recall| F1 | DAanced
rpemKuTe Accuracy
Ko 1701 63 12 0.94 0.96 |0.95
K1 82 1614 80 0.87 0.91 |0.89 0.92
K2 36 181 1558 0.94 0.88 |0.91

Taoauna 3.11.
Marpuia Ha rpeliKUTe — TeCTOBA

Marpuna ma) o | 1 | K2 | Precision|Recall| F1 | BA20¢ed
rpelIKHTe Accuracy
Ko 357 75 11 0.79 0.81 |0.80
K1 73 295 76 0.58 0.66 |0.62 0.70
K2 23 139 282 0.76 0.64 |0.69

JlanHuTE coYar, ue MOAEIIBT 32 MHOTOKJIacOBa 00paboTKa N3pa3sBa sICHU XapaKTePUCTUKHI
Ha MOJIeN, KOWTO ,,Han3yCTsABa OOYUHTEITHUTE TaHHU M HE MOXKE JIa Ce CIPaBH C HOBH Ka3zycu. B
TO3HU CIIy4aid, pa3uKaTa MeX1y Mpeunu3HocTTa e noseye ot 20%.

[Ipu npunaraneTo Ha aJrOpUTHM 32 ABIOOKO 00yUYEHHUE ca M3MOJI3BaHU HAOOP OT JaHHU
ot I'pyna III ¢ Bcuukure Tpu kinaca (KO, Klu K2), it kaTto Te3u Moaenu ca AoKa3aHH C TAXHATa
BHCOKa YCIIEBaEMOCT. Y CTAHOBSIBAHETO Ha MoJien oT Tu Deep Learning He € Taka TUPEKTEH KaTO
MpEAXOAHUTE, Thid KATO T€ MOraT Jla CTPYKTYypUpaT Pa3jIM4yHU TUIIOBE HEBPOHHHU MPEXHU U B
JOMBJIHEHUE OTPEACIIAIIMNTE IMapaMeTpH ca MHOTO MoBeye. Ta3u e npuynHaTa BHUMAHHUETO J1a Ce
HAacoYu KbM Mojieia ¢ Hail-moOpa ycneBaeMocT. M3mon3BaHaTta KOHCTPYKIUS ChAbPKA YETHPU
CKpHUTa ,,'bCTU" CJI0SI ChOTBETHO C 256,32,32 u 3 HeBpoHa. [Ipean ckpuTuTe ciioeBe MMa €IuH,
YUATO LI€Jl € HOpMalIM3upaHe Ha BXoAsmuTe JaHHU. Ciel BCEKU CKPUT CIOM MMa IOCTaBeHa
aktuBupama ¢pynkuus RelLu, karo mocnennara e softmax.

Pesynrarture ot oOydeHue Ha Mozenia mocpeicTBOM Habopa ganHu 3a Tperupane (70% ot

nenust Habop) ca okazanu B Tabmuna 3.12.
Ta6auna 3.12.

MaTpuna Ha rpeliKuTe — 00y4YuTeTHA

Matpima 82| o | k1 | K2 |Precision|Recan| F1 | B21Anced
I'pellkuTe Accuracv
KO 1462 39 6 0.94 0.97 |0.95
Kl 84 | 1354 | 42| o094 | 091 |0.93| 095
K2 9 41 1425 0.97 0.97 |0.97

Marpuriata Ha TpEIIKUTE OT TecToBaTa 00padoTka ¢ ocrananute 30% ot Habopa JaHHU

MOKeM Ja mpocaeaumM oT Tabmumna 3.13.
Taoauna 3.13.

MaTpuiua Ha IpelIKUTe — TeCTOBA

Marpina 6a) o | | K2 | Precision|Recall| F1 | 2AA0ced
rPelIRHTE Accuracy
KO 663 44 6 0.91 0.93 |0.92
K1 59 629 52 0.87 0.85 |0.86 0.90
K2 10 49 686 0.92 0.92 |0.92

N3BoabT €, ue U3MOI3BAaHETO HA BapyaHTa Ha aJTOPUTMUTE ABJIOOKO 00ydeHUE BOJU 10
ONITUMAJTHUTE PE3YJITaTH OT NOTYK MPUIOKEHHTe. Pesynararure or oOydyeHHETO MOKa3Bar, 4e
MOJICITBT € ,,yCBOMJI" Pa3IUKUTE MEXIY Pa3IMYHUTE KJIaCOBE BHB BHCOKA CTEIEH, HO OCHOBHOTO
e BuauMo BbB Tabmuna 3.13. T« mokasBa, ye TO3M BapUaHT Ha MOJIeNa OCBEH J00pe oOydeH e
BB3MOXKHO B MHOTO TOJISIMa TOYHOCT JIa YCTAaHOBH KJjlaca Ha TOJaJIeH! JTaHHHU, KOUTO JI0 Cera He
M3Moi3BaHu B Mojiena. [lopaau MHOTO 100pUTE MOKa3aTeNny Ha MoJiela 3a JbJI00K0 o0yueHue, ce
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npueMa ChIIUAT 3a (puHaneH, KOMTo MoXke Ja Obae U3MOI3BaH 3a ,,IPOU3BOJICTBO, T.€. 1a Obae
M3I0JI3BaH 3a KIaCH(PHUIIMPAHETO Ha KpaTepH € LeN KapTorpadupane u NOMbIBaHe HAa MHBEHTapHA
Kapra. 3a Tas3y, LieJl € HarpaBeHa (UHAJIHA uTepanus ¢ 1el Aa kiacuduiupa nasaute ot I'pyna
IIl n pesynratute na ObAAT M3MON3BAaHM 3a CHCTaBiHE Ha KapTa. PuHamHAaTa MaTpuma Ha
TpElIKHTE € rpencTaBenu B Tabnuna

Ta6auna 3.14.
Marpuna Ha rpemkure — I'pyna 111

Marpmia ma| o ' 1 | K2 | Precision| Recall| F1 | D2ianced
rpemKuTe Accuracy
Ko 2125 83 12 0.93 0.96 |0.94
K1 143 1983 84 0.92 0.89 |0.91 0.93
K2 19 90 2111 0.95 0.95 |0.95

JlornyHo € MeTpUYHUTE CTOMHOCTH TYK Ja Ca OCPEIHEHU U MO-BHUCOKH OT TECTOBUTE,
3al0TO ca BKJIIOYEHU U JaHHUTE 3a oOyueHue. Ha Ta3u ocHOBa ciesBaiiaTa CTbhIIKa € U3XOIHUTE
JAaHHH J1a ce CBBPIKAT ¢ reo-pedepupanure iokanuu Ha BI1 u na ce chcTaBu kapraTta, KaTo Ha Ta3u
OCHOBA € pa3paboTeHO COPTYEPHOTO pEIICHHE.

OUHATHOTO COPTYEPHO PEIICHUE UMa CEIeM OCHOBHH CTBIIKH, KOUTO Ca Pa3BUTH KaToO
oTAenHu ckpunrtoBe. Llsmara cTtpykrypa Ha cOPTyepHOTO pemeHre € H300pa3eHo B JuarpaMeH
BuJ BB Ourypa 3.17. Beku oT/eseH eneMeHT NpeCTaBIIsIBa CIEIUAIHO pa3padoTeHo coPpTyepHO
pemenne B Python cpena, ocBeH Te3u ¢ yrmoMeHaTH MMEHA Ha M3MOJi3BaHUTE OmOImoTexn. Ha
OCHOBaTa Ha pa3paboTeHoTo codTyepHo pemieHue B Python cpena BuabT Ha ch3nazgeHara oT Hac
WHBEHTapHA KapTa Ha CBIAYMINA B JIYyHHUTE KpaTepH, moiaydeHu dpe3 Jbinboko oOydeHue e
nmokasas Ha ¢wur. 3.18 B roTOB 3aBBHPILICH BUI.

Bxogsawm aannm (DTM m
BEKTOPHH (hopmu Ha
Kpatepure)

WM3Bnu4aHe Ha BUCOYMHHUTE
npodmnu cnopepn 3agajge Hute
napameTpu

AnpokcuMmunpane u
W3YMCNABaHe Ha
NONMHOMHUTE KOeduLme HTH
Ha Yebuwen

Mpoy4yBaTeneH aHanus Ha
Koe e HTUTe Ha
Yebuwes

Mpunaraxe Ha anropuTmMu 3a
W3kycTBeH UHTe nekT

Random Forest Multi-layer Perceptron Deep Learning
(scikit library) Networks (scikit library) (Keras)

TecTBaHe U BanMaupaHe Ha
nosny4eHuTe pe3ynratm

W3xonHK NPOCTPAHCTBE HU
DaHHW, roToBM 3a ynotpeba
W aHanu3

@Duczypa 3.17. Cmpykmypa na cogpmyepnomo peuienue
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I/IHBeHTapIIa KapTa Ha CBJIAYHIlA B

JIVHHH KpaTepu

KO (Be3 cenaunwe) [2124]
— K1 (Csc cBnaunwe) [1982]
— K2 (be3dopmeH) [2111]
—— T'pewwHo knacuduumpanu [441] 4

Quzypa 3.18. Hneenmapna kapma na cerauuuia 6 iyHHU Kpamepu

N3BOIM OT I'JIABA TPETA

1. N360pbT HAa MOAENH 3a MAIIMHHO 0OydeHUe (PbKOBOJIEHH MM HE PHKOBOJIEHH),
M3MOJI3BaHU 3a KiIacu(pUKaIMs WK perpecus o3BoisiBaT 00paboTKa Ha OTPOMEH Habop OT AaHHU,
pa3paboTBaHe HA CIOXKHHU MOJIEIH C MHOKECTBO MapaMEeTPH U MOCTUTAHETO Ha BUCOKONPEIU3HU
KpalHM pe3yiTaTH.

2. AnantupaHuTe TpU MOJENa 3a pbKOBOACHO MamMHHO oOyuyeHune (Random Forest
0asupaH Ha MPHUHILIMIIA Ha ,,JbPBETA 3a B3€MaHE Ha PEIICHUS ", IPU KOUTO KpalHUAT pe3yiTar €
0a3upaH Ha peLIeHHATAa HAa BCUYKM MOJAEIMPAHH JbpBeTa (IIPUHLMIA Ha MHO3MHCTBOTO) U
0asupaHuTe Ba HA U3KYCTBEHU HEBPOHHU MPEXH - MHOTOCJIONHU MEPLENTPOH MPEKU U TbIO0KU
HEBPOHHM MpEXH), IMO3BOJSBAT MPEOJIOJIABAHETO Ha JIMICaTa Ha BHCOKAa MPEIM3HOCT 3a
KJacu(uKalysg Ha BUCOUYMHHU MPOQUIN CIIOpPE]] MPUCHCTBUETO WJIM HE HA CBIAYMIIHO TSAJIO Ha
MPEIUIIHO MPEUIOKEHUTE aIallTUBEH U (PUKCUPAH MParoB KpUTepuil.

3. 3a BalMauMpaHe Ha KIACUPUIUpAIIUTE MOJCIH, € TMPEeIIoKeHa METOJIHKa,
0a3upaHa Ha METPUKUTE, KOUTO MO3BOJSBAT Oanancupana npenusHoct (balanced accuracy). Twit
KaTo TepEeHU 3aCerHaTH OT CBJIIAYUIIHHU MIPOLIECH, OT MMPOCTPAHCTBEHA IJIe/IHA TOYKa ca PSAKOCT B
CpaBHEHHE C TEPEHUTE, KOUTO HE Ca 3aCerHaTH OT CBiIayua. Taka nmpeanoxkeHara OaraHcUpaHa
MPELM3HOCT HE C€ BUsie OT HeOaTaHCUPAHUAT €(eKT Ha BXOASIIUTE TaHHU.

4. Ch3naneHure MoOJeNd 3a MaIlIMHHO oOyueHHe ce 0a3upaT Ha U3IOJI3BAHUTE
BucounHHu npodumu ot I'pyma III, xaro 3a Bceku emun anropurbM (Random Forest,
MHOTOCJIOMHH NEPLUENTPOH MPEXHU U AbJIOOKH HEBPOHHH MPEXH) 6€ KOMITMIMPAH MO €IMH MOJIEN
3a 6uHapHa (KO u K1) u muoroknacosa (K0,K1 u K2) knacuduxarms.

5. Pesynrature npu mnpwiaraHeTto Ha MOAEN OT THUI ,JbpBETa 3a B3€MaHE Ha
pelIeHrs " MoKa3BaT MHOT'O BUCOKH U 3a/I0BOJIMTEIHA CTOMHOCTH 10 METPUKHUTE 3a OIIEHsIBaHe, HO
rojsiMara pasjiuKaTa MEXAy METPUYHUTE CTOMHOCTM Ha TPEHHpOBBYHATA M TecToBara (¢asa,
MOKa3Ba Y€ MOJEIbT HMMa CKJIOHHOCTH Ja ,,Hau3ycTsABa“ TPEHUPOBBUHHUTE JaHHU U TpU
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KiIacu(uuupane Ha HOBM JaHHM Ch3JaBa 3aTPyAHEHHUsS 3a MPEUU3HOCT U e()EeKTHBHOCT Ha
pe3yaTaTuTe.

6. Mogenute, 6a3upaHd Ha MPUIATAHETO HA MHOTOCIOWHU MEPLENTPOH MPEXU U
IBI0OKM HEBPOHHU MPEXH Ca TO-BHCOKM CTOHHOCTH HAa OIEHHUTEIHHUTE METPHKH U C TIX CE
IIPEOI0IsIBA TaKa HAPEYEHOTO ,,HAU3yCTABaHE  HAa MOJICIIUTE.

7. Ch3gameHusT MozeNn 4Ype3 IbJI0OOKa HEBPOHHA MpeXa 3a MHOTOKJIacoBa
Kiacuukanus, oueHeH ¢ 95% TtodHoct npu ooyunrenHus eran u 90% mnpu TeCTOBUS €Tall € Hali-
MPELU3EH OT MPUIIOKEHUTE U ITO3BOJISIBA MPHIIOKEHUETO MY 32 H3TOTBSIHETO HA HHBEHTapHA KapTa
Ha CBIIQUMINA B JIYHHH KpaTepH.

Okl U3BOIH.

1. N3cnenBanara 3akoHojaTeslHAa M HOpMaTuBHA 0a3a Ha PemyOnuka bbarapus u
EBporneiickuss Cpro3, perinamMeHTHpalia XapakTepUCTUKHUTE, METOAMTE U peryjaluure 3a
oIpeJiesIsiHe Ha KpUTUYHA HH(PACTPYKTypa Ha 3eMATa, € U3M0JI3BaHa KaTo 0a3a 3a u3cieBaHe Ha
KOCMHUYECKOTO IPOCTPAHCTBO U aJANTUPAHETO UM KbM JIPYTH IJIAHETH.

2. Ha ocHoBata Ha ompenensHeTo Ha (akTopure 3a IMOTEHUUATHA KpPUTHYHA
nHpaCcTpyKTypa Ha 3eMsTa € h3cie/lBaHa JTyHHATa MOBbPXHOCT U ca MPEII0KECHN aHATOTHYHH
CHCTEMHM KaTeropHu3ally, CbOTBETHO Ca M3CJIEABAHU U MOTEHLMAIHU 3acTpallaBallld TIXHOTO
(YHKIMOHMpAHE CBIAYMIIHM Tporecd Ha JlyHarta, KOMTO ce pasiuyaBaT IO 3aJeHCTBAIIN
(bakTopH, KaTo ¢ Hal-roJIMO 3HAYCHHUE Ca METEOPUTHUTE CONBCHIU U JTYHOTPECEHHUS.

3. PazHooOpazueTo ®  cTemeHTa Ha  CBIAYHMIMHUTE TIPOLECH, OOYCIaBs
HE00X0IMMOCTTa OT IpUJIaraHe Ha MOJAXOsIla METOJIMKa 3a pa3llo3HaBaHe, KapTorpadupase u
W3rOTBSIHE HA M34YepIIaTesIeH JYHEH HHBEHTAp Ha CBJIAYMILATA.

4. 3a UHTEPIIOJUPAHETO Ha MPO(UINTE HAa HAIPEYHHUTE CEUEHUS Ha JTYHHUS KpaTep ca
U3I0JI3BaHU MTOJIMHOMUTE Ha YeOuIleB, KOUTO MOpagy TEXHUTE OPTOrOHAIHU CBOWCTBA M HUCKA
rpellka Ha apoKCUMallys, O3BOJISIBAT Jla Ce MOJIyYd apaMeTpUuHa XapaKTepUCTHKa KaTo 0asa
3a kIacuuIupane Ha pa3TuIHu MOpQoIOTHIHA HOPMHU.

5. [Ipunaranero Ha MOJMHOMHOTO alpOKCHUMHUpPaHE 4pe3 MoJMHOMuTe Ha Yebuien
MI03BOJISIBA M3UUCIISIBAHETO HA HAPEYHUTE NMPOIIIN Ha JTYHHUS KpaTep Ha 0a3a CTaTHCTUYECKH
TECTOBE Ha PE3YJITATUTE, MOJIyYEHH II0 BPEME Ha M3YMCIEHUETO IO METOAA Ha Hall-MaJIKUTE
kBajapaTy. Hanuuuero Ha cBiauMila B JYHHUTE KpaTepH € M3CJIEIBAHO Ype3 aHaJM3MpaHE Ha
IPUHOCA HAa HEYETHUTE KOe(QUIMEHTH Ha H3YUCICHUTE NOJMHOMHM Ha YeOuries, KOHUTO
MIpe/ICTaBIsIBaT ACUMETPUYHUS KOMIIOHEHT Ha HampeyHus npodwi. B ciydail Ha cBiauMiie B
METEOpUTEH KpaTep, OpUrHMHajIHaTa (¢opma Ha Kparepa € MoauduuupaHa ype3 o0aBsiHE Ha
aCUMETPUYEH KOMITOHEHT.

6. Ha ocHoBara Ha TecTBaHe BbpXy 51 KpaTepa € MpUIOKEH METOJ 3a Pa3NO3HABAHE
Ha CBJIAYUINA B KpaTepH, KaTO MPEJIOKEHUTE NMParoBu KPUTEPUU 3a OIpeesiHE aCHMETpUYHa
¢dbopma BOIAT 10 BUCOK IPOLIEHT Hepa3No3HaTh cuMeTpuuHu npoduin. [lopaau tazu npuyuHu e
HalpaBeHO PA3IIUPEHO TECTBaHE BBPXY HOB HAOOp OT KpaTepu (895) 3a ompexpensHe Ha MO-
YCTOMUYUB NparoB KpUTEpHUH, KOMTO /1a MO3BOJIM MPaBUIHOTO JepUHMpaHE Ha JBaTa Kiaca
BUCOYMHHU IPOGUITH.

7. Pesynrature OT pa3mMpeHOTO NMPUIIOKEHHE HAa aJanTUBEH U (UKCUpPAH MparoB
KpUTEpU HE MO3BOJISBAT 32 PELIUTEIIHOTO ONpEAEsiHE Ha MparoBa CTOMHOCT 3a HEMTPOMEHEHU
npo¢uin, Koero o0ycIoBH HEOOXOJMMOCTTAa OT Ch3AaBaHETO HAa MOJENM 3a ONpeNeisiHEe Ha
HEJIMHENHN NPAaroBU CTOMHOCTH IMOCPEICTBOM AJITOPUTMHM OT THMN ,,A3KYCTBEH HHTENEKT 3a
MAalIMHHO 00yUYeHHeE.

8. [IpunoxkeHu ca TpH TUIA aJTOPUTMU HAa MAalIMHHO OOyudeHUe — eIUH O0a3upaH Ha
IIPUHLIMIIA HA JIbPBETA 3a B3eMaHe Ha peuieHue (,,CiaydaiiHa ropa“) M JBa Ha NpUHIUIA Ha
W3KYCTBEHU HEBPOHHU Mpexu (MHorocnoiinu nepuentpoH Mpexxu MIIM u npinboka HeBpoHHA
Mpexa), KOUTO IMOKa3BaT MHOTO BUCOKM CTOMHOCTH Ha KJIacUpHKaIMs ciej] ooyunuTenHaTa dasa.

9. Cp3nageHusT MoJieN Ha IPUHIIKIIA Ha TbIOOKU HEBPOHHU MPEXKH, PU YCTAHOBEHU
OJU3KU Pa3IMKU B METPUKHTE 33 aKyPaTHOCT MEX/y 0OyUHTEIIHATa M TeCTOBaTa (a3a € M3M0I3BaH
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3a M3rOTBSIHE Ha CBJIAUMIIIHA MHBEHTApHA KapTa B U30panus iyHeH paiioH (-90°E no 0°, 60°N no
-60°S).

10.  Knacudunupanero Ha BHCOYHMHHH MPOQHIIU camo B ABa Kiaca (,,CbC CBIAYHIIE U
,0€3 CBIIauMILe) € IOMBIHEHO ¢ TPETH KJIac ,,Je()OpMHUpPaHU" BUCOUYMHHU KPATEPH.

3AK/IIOYEHHUE:

Jlynara e Haili-0JIM3KOTO KOCMUYECKO TAJIO, KOETO 0OCTOSITEIICTBO MPOBOKMPA HHTEpECa HA

YYEHHUTE 3a MHOTOOpOHM HaOIIoleHus W u3cienBaHusA. To3M HMHTepec ce 3acuiBa U OT
Pa3BUTHETO HA CATEITUTHUTE U MH(POPMAITMOHHUTE TEXHOJIOT UM, TO3BOJISBAIIN OCUTYPSBAHETO HA
OTPOMHO KOJIMYECTBO T€OMPOCTPAHCTBEHU JIaHHU, HEOOXOJUMH 3a MHOXKECTBO HayYHU
U3CIeIBaHMUs OT pa3nuyeH xapakrep. KocmMuueckuTe areHIMM NMpOJb/DKaBaT Aa pa3paboTBar
pa3IMYHA KOCMHMYECKH MHCHUU 32 IOCTPOSIBAHE Ha IMOCTOSHHM JIYHHM 0a3u ¢ 1€l Hay4dHU
u3cieaBaHus U JoOMBaHe Ha MUHEpaiu. [lapanenHo ¢ ToBa JyHHaTa MOBBPXHOCT € M3JI0’KEHA Ha
BUCOK PHUCK OT pa3pyLIMTEIHU MPOLECH, KOUTO OOYCIaBiAT HEOOXOAMMOCTTa OT TAXHOTO
MIPEIBAPUTEIIHO OOCTOMHO IPOYYBAHE C U3TPAICHH IIPOTUBOICHCTBAIIH 1 TIPE/INIAa3BaIH CHCTEMH.
Cpen Te3u pa3pylIMTEIHUTE MPOLECH, MPOTHYAIIM HAa JTyHHATa MOBBPXHOCT, C€ OTKpPOSBAT
crnenu()MIHNTE CBJIAYMIITHH MPOLIECH, KOUTO c€ 00pa3yBaT B KyXWHHUTE HA METEOPUTHH KpaTepH.
Ta3u e mpuuMHaTa HACTOSIIMAT TPYA Ja ce (HOKycHpa BBPXY T€3U CHEHU(PUYHU T'COJOKKU
MpOIeCH Ha JIyHHATa MOBBPXHOCT, KaTO Ch3/laBa HAy4YHA M HAyYHO-NIPUJIOKHA METOMOJIOTHS 32
TAXHOTO 3aCHYaHe, KapTorpadupaHe U HHBEHTapU3HpaHe.
HesaBucuMo OT MHOTOOpOWHHWTE IUIAHOBE M aHAIM3M 3a HeoOxoauma HH(pacTpykTypa 3a
MOAIBPKAHETO HA ONArONpPUSITHU YCJIOBHS 3a MOCTOSHHO YOBEIIKO NMPUCHCTBHE Ha JyHHATa
MOBBPXHOCT, KbM MOMEHTa HE € YCTaHOBEHO SCHO Ac(PUHHUpAHO MOHATHE 3a KPUTUYHA
unppactpykrypa Ha JlyHara. [IppoputeTHO pa3nuyHUTE MPOYUYBAHMS Ca C Pa3IMuHA HACOYCHOCT
3a (YHKIIMOHMPAHETO HA TAaKWBa CTPYKTypa. B moakpemna Ha 3amrbjiBaHe Ha TO3W Hay4eH JEPUIHT
€ HACTOAILIUAT TUCEPTAIMOHEH TPYyH, C KONTO ce MpeAcTaBs METOJOJIOTHS 3a MpOoydBaTeleH
aHaJIN3 32 JeUHUPAHETO HA KpUTUIHA HH(PPACTPYKTypa Ha 3eMsTa ChOOPa3HO ChIECTBYBAIIATA
HOpMaTHBHAa paMKa, Ha OCHOBaTa Ha KOATO Ca aJalTHUPaHd OCHOBHUTE MPHHLUUNU U
XapaKTepUCTHKH BHPXY pa3uepTaHUTE MOTEHIMATHA HHPPACTPyKTypH Ha JlyHara.

[TpenyioskeHata MeTOAMKA 3a HMJIEHTH(UIUpPaHE Ha CBIAUUIIHM Tella B METEOPUTHHU
KpaTepH € JOCTaThYHa Jla Ce HalpaBH I'bJICH MHBEHTAp HA JIyHHATa IOBBPXHOCT, KOETO OT CBOS
CTpaHa Cch3/]aBa Bb3MOKHOCTH 32 JIOII'BJIHU aHAJIM3H 3a KapTorpadupaHeTo Ha MOJaTIMBOCTTa HA
JyHHATa TIOBBPXHOCT KBbM CBJIaYMIIa. ToBa € caMO HadallHaTa CTHIIKA 32 OINpPENENITHETO Ha
puckoBuTe 30HM Ha JlyHaTa, KOeTO € OT U3KIIYMTENHA BAaXXHOCT MpPH IUIAHUPAHETO U
pasnoyiaraHeTo Ha KpUTHYHAa MHQpacTpykTypa 3a ObJelmu 4YoBEemKH 0a3u, TbhH KaTo
HapyIlIaBaHEeTO LEeJIOCTTa WK (PYHKIIMOHAIHOCTTA Ha CaMO €Ha MOJKE Jla 3aCTpalll 37paBeTo U
KMBOTa Ha BCEKW €IUH YOBEK HaMHpall C€ Ha JyHHara NMOBBPXHOCT. Taka mpeiokeHara
ajanTalnys Ha MeToJuKaTa, OM Ouiia Moje3Ha M OT OIIe €IMH acleKT — ONpeAeNsSTHETO Ha
TPaHUIMTE HA CBJIAYUIHOTO TSJIO M HEroBUTE pasMmepu M obem. C Hes oOaue HE MOXKE Ja ce
OIpeJieNId TOYHO JIOKAIUATa Ha CBIAYHMIHOTO TSJIO, 3aIOTO TSI CaMO MOKa3Ba, Y€ BUCOUYMHHHUAT
npodun u3sABsABa NMpU3HALM HA aCUMETPUYHOCT, HO 0e3 Jja yTO4HsBa OT Kos cTpaHa Ha BII e
nedopmanusita. IMeHHO ToBa orpaHudeHue, Moxe jaa Obje LenTa Ha OBJAENIO U MOCIEIBAII0
u3cieBaHe, KaTo €IHO OT PEHICHHETO Ha TO3HM MpoOJieM Moke jJa ObAe aJanTHpaHeTO Ha
MPEUIOKEHUTE MOJIeNu (1b100K0 00yUyeHre) BbpXY MPOCTPAHCTBEHO M300pakeHUe, a He KaKTo
710 cera BbPXY BUCOUYMHEH MPOQUIL.

HAYYHHU U HAYYHO ITPUJIOKHU PE3YJITATH U IIPUHOCH
Hayuynmu:
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1. Jlopa3BUTH ca TEOPETUYHHTE MOJOXKEHMS, CBBP3aHM C KOHIENTyalHaTa pamkKa M
METOJI0JIOTHS 3a MPOyYBaHE Ha CIEU(PUUHU IPOIECH Ha JIYHHOTO MPOCTPAHCTBO U PUCKOBETE 32
KpuTHYHaTa nHPpacTpykrypa Ha JlyHara.

2. O0oraTteHa e METOA0JI0TusATa, Oa3upaHa Ha MOJMHOMUTE Ha YeOuieB 3a u3yyaBaHe Ha
cieun()UYHNATE CBIAYUIIHYU MPOLECH U OrpaHHYaBaHE Ha TAXHOTO BH3/ICHCTBHE Ha KPUTUYHATA
unppactpykrypa Ha JlyHara.

3. I'enepupaHo € HOBO 3HaHWE 4Ype3 Ch3JaBaHE Ha HOBAa METOJOJIOTHs, Oa3upaHa Ha
M3KYCTBEHUS MHTEJNIEKT 3a M3y4yaBaHe U aHAJU3UMpaHE U Ha crieUu(DUYHUTE CBIAYUIIHU IPOIECH
Ha JIyHHaTa MOBBPXHOCT, KATO € OTKPUT TPETH KIiac ,,iehOpMUpaHu’ BUCOUMHHU MPOPUIN HA
CBJIQUUIIIHU [IPOLIECH .

Hay4Ho-npH/I0KHM:

1. [Ipenynoxen e Mozen, 6a3upaH Ha aNrOpUThMa Ha MPUHIUIIA HA IbPBETa 32 B3€MaHe Ha
pewenue (,,CimyuaiiHa ropa‘) 3a paslo3HaBaHE€ M OIPAaHMYABAHE HA CBJAYMILIHHU IPOLECH Ha
JlyHHaTa MOBBPXHOCT, C JOKa3aHa YCTOWYUBOCT Ha ,,HAU3yCTABaHE" .

2. Pa3paboTeH e MoJien Ha OCHOBaTa Ha allrOpuThMa 32 MHOTOCIIONHY NEPIENTPOH MPEKH
(MIIM) 3a pasmupeHo W3yuyaBaHE Ha CBIAUMIIHU Mpoiiecd Ha JlyHata ¢ JOKa3aHU BHCOKH
CTOHHOCTH Ha OOydYaBaHM W TECTOBH JAaHHH, HO HSIKOM OT TSX JOIyCKAaIld XapakTep Ha
,Han3ycTsaBaHe".

3. Ce3nanen e mognen, 6azupan Ha anroputMu 3a M3kyctBenu HeBponnu Mpexu -
Jbn6oko obyuenue (Deep Learning), cbc 3amuTUMa yCIeBaeMOCT NpU pa3KpuBaHE Ha
CBJIIAYMITHM TPOIECH Ha JyHHaTa NOBBPXHOCT, C JOKa3aHa TOYHOCT M ONTHMAJIHOCT 3a
YCTaHOBSIBAHE HA KJlaca Ha MOJAJCHU JaHHM, HEM3IOI3BaHHU OT MPEAXOJHUTE JIBa MoJiela U Ha
OCHOBAaTa Ha KOMTO € n3paboTeHa MHBEHTAapHA KapTa Ha CBJIAYMINA B IYHHUTE KpaTepH.
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I. GENERAL CHARACTERISTICS OF THE DISSERTATION

TIMELINESS OF THE PROBLEM

The Earth's surface changes over time under the influence of various external factors
(tectonism, volcanism, erosion or meteorite impacts). These processes affect not only our planet,
but all terrestrial planets that are enveloped in a rocky crust. Landslide processes can be considered
as one of the most common destructive events. They appear in different forms, under different
circumstances, with different destructive intensity. Any movement of ground mass, rock fragments
or debris under the action of gravity can be considered a landslide. The movement mechanisms of
these processes are dependent on many factors — terrain slope, type of material being moved,
volume of material moved, etc. The movements of landslide processes can be of flow, slide,
overturn or collapse type. They can range in size from a fallen piece of rock to huge underwater
landslides. On Earth, water is at the root of most landslides, either in the form of rain or from
intense snowmelt. While on planets with no or little atmosphere (such as the Moon or Mars), the
most common causes of landslides are seismic tremors caused by meteorite impacts.

Similar to Earth, the places most prone to landslides are areas of great slope. Such places
on the surface of the Moon are mainly the walls of the cavities formed when a meteorite body
collided with the planet's surface, or the so-called meteorite craters. Even with weaker gravity and
lack of water, which are predisposing factors for landslides on our planet, landslides on the Moon
are comparable in mechanism and dynamics to the generally accepted classifications on Earth.

In search of alternative forms and places for life, in parallel with the studies of the Earth,
in recent years a number of space agencies - national and private - have shown interest in other
planets as well. They are taking a fresh look at space missions to the Moon and Mars with
ambitions far greater than landing on their surfaces. Their interest is now focused on the
establishment of temporary and permanent bases with a human presence. This is evidenced by the
numerous projects, the development of which is aimed at ensuring the sustainable functioning of
various sectoral infrastructures to support human-friendly conditions. Preliminary scientific
studies and analyzes indicate that there are elements present on the Moon that could be used to
support habitats and produce fuel. On-site resource extraction and utilization systems are also
planned, i.e. directly on the lunar surface, reducing the need to transport the relevant raw materials
from Earth. The most suitable areas for the establishment of human bases are those around (on the
ridges) or on the bottom of meteorite craters.

Similar to the criteria and procedures for establishing a critical infrastructure on Earth, a
number of experts believe that they can be borrowed and applied to future systems on other
planetary bodies. Accordingly, this also leads to the preparation of the necessary measures for the
protection of these potentially critical infrastructures, and most often these processes begin with
the collection of the data required for analysis, through surveys and the collection of information
on site. When this is not possible, the already well-developed remote sensing systems are used,
usually through images and data from instruments located on satellites.

From here, the problematic on the subject is caused by the contradiction between the
theoretical understanding of scientific facts and research and on the other hand - the presence of
conflicts and difficulties manifested in the course of the applicable methodology for the study of
specific landslide processes in a virtual environment.

The motivation for choosing the topic of the dissertation work and the direction of scientific
research are oriented to argumentation related to finding new and adapting existing approaches to
improve the methodology for researching specific processes to limit the impacts of critical
infrastructure and their impact on the system of security. Moreover, the aim is to create a
conceptual model for managing these processes. The choice of the topic is determined by the low
degree of elaboration of the problem. Complex scientific-methodological and scientific-practical
studies and analyzes on the subject are not found.

The relevance of the topic of the dissertation is defined by:



v The moon has been and is the object of numerous studies that are beneficial for a
better understanding of both our planet and other cosmic bodies, as well as for the establishment
of a permanent human presence on another planet;

v as the closest space body, the Moon is the most accessible for research and
validation of the necessary systems and technologies for human bases. This, in turn, could lead to
the use of the Moon as a intermediary station on the way to human settlement of Mars;

v the resources needed for energy and minerals on Earth are limited, which also leads
to the need to develop technologies to use raw materials directly from other planets. At the
moment, the presence of water, iron and other elements necessary for the production of oxygen,
nuclear energy (for example, helium-3) has been established. And this, in turn, directly leads to a
reduction in costs compared to extracting them from the Earth;

v 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 removes distance
as a limitation, allowing the scientific community to study in detail the lunar surface, as well as
the processes that affect it .

RESEARCH THESIS

The research thesis of the study is dictated by 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 sustainability of systems for maintaining a human presence on its
surface, according to its potential critical infrastructures.

OBJECTIVE OF THE DISSERTATION

The aim of the dissertation is to research and establish a sustainable approach to limit the
impact of specific processes on critical infrastructure and create a model for inventory landslide
maps on the Moon that can be easily applied to other planets.

MAIN TASKS

1. Study of the theoretical and normative foundations of critical infrastructure.

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

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

OBJECT OF THE RESEARCH

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

SUBJECT OF RESEARCH

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

BASIC APPROACHES AND METHODS IN RESEARCH

The following groups of methods were used to achieve the goal and fulfill the research
tasks of the dissertation work:

v 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 the public -scientific knowledge, methods and means;

v 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.



LIMITATIONS:

For greater concreteness and significance of the studies, they were carried out under certain
permissible limitations dictated by the following circumstances:

v data from NASA's LRO mission were used, due to several positive qualities -
medium spatial resolution (100m/pixel) of the global digital elevation model and a higher
percentage of lunar surface coverage. The mission also has high-resolution camera data down to
0.5 m per pixel. The disadvantage of this high-resolution product is the lack of global coverage,
i.e. availability of high-resolution local elevation products only. The fact that only a medium-
resolution product can be used for global coverage limits the possibilities for detecting landslide
processes < 100 meters in size;

v the specific orbit and rotation of the Moon limits the possibilities of optical cameras
to provide information about the crater cavities in the poles, which are in permanent shadow;
v due to the lack of atmosphere, the lunar surface is strongly attacked by cosmic

radiation, which is why over time the craters erode and lose their initial shape — their ridges round
off their sharp shape, the cavities begin to be filled with rock materials and regolith, which deforms
them and makes it impossible their analysis.

v due to the fundamental rationale of the problem related to specific landslide
processes in meteorite craters, the study is focused only on craters of the "simple" type with a
diameter of up to 20 km, due to the inherent symmetrical shape of an unaltered crater. This
restriction excludes from the analyzes any larger diameter craters due to the fact that they may
have other morphological features affecting symmetry.

Beyond the scope of research and analysis is the change in the regulatory framework of
critical infrastructure.

For ease of use and visual illustration, the obtained final results (diagrams, graphs,
statistical and graphical interpretation of the research) are indicated in a finished form, using a
software solution migrated to the Python environment. The formulated research tasks are
considered in the volume and depth necessary to clarify, supplement and connect the main logical
sequence, taking into account the structure and content of the dissertation work.

II. STRUCTURE AND CONTENT OF THE DISSERTATION

Structure of the dissertation

The development of the dissertation work is aimed at fulfilling the set research objective
and the research tasks arising from it. The analysis is focused on the object and subject of research
in accordance with the formulated research thesis and the set limitations. In this regard, the
dissertation consists of an introduction, three chapters with corresponding conclusions to them,
general conclusions, a conclusion, a glossary of abbreviations used, a list of references and a list

of appendices.
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CHAPTER  ONE. THEORETICAL OVERVIEW  OF CRITICAL
INFRASTRUCTURE

Solving the first research task is achieved through a theoretical overview of the critical
infrastructure based on the works and publications of leading specialists and plans and programs
of leading space agencies in this field. The essence, the conceptual apparatus, the types of critical
infrastructure, the normative framework - national and European - have been studied. The
distinguishable principal characteristics of the Earth's critical infrastructure are traced and to
suggest its analogue on another planetary-type cosmic body that may be affected by processes of
an analogous nature. For the purposes of this dissertation, such an analogue is the critical
infrastructure of the Moon. The principles of this specific system are based on already established
laws and regulations in the European community and at national level. On this basis, the
definitions, sectors and scopes of Cls considered by us are from the positions of the interpretations
in the Republic of Bulgaria and the European Union. The starting point for this is the review of
the scientific literature on the potential and planned infrastructures of the Earth's satellite, which
in turn should lead to the possibility of applying the Earth's criteria for establishing and marking
the CI on the Moon. And all this is through the applicable methods of protection against landslide
processes on Earth, which allows to define the first steps for their adaptation and implementation
on another cosmic body. Potential objects that can be defined as CIs have heterogeneous functions
and scopes or be under the management of different departments. Therefore, their additional
distribution by sectors and sub-sectors is necessary, in order to differentiate them more precisely
and from a priority point of view. 19 sectors with critical infrastructure in the Republic of Bulgaria
have been identified. An ECI is defined, which is based on the definition of CI, but with an
extended sense of territorial scope in case of possible emergency processes. For a site to be
included in the ECA list, the impact of its "disturbance or destruction would have significant
consequences for two or more Member States!". The three cross-sectoral criteria that a potential
ECI must meet (in addition to the definitions of CI and ECI) are: casualty criterion — in terms of
human losses and casualties; criterion of the economic consequences - the material losses that may
lead to difficulty/deterioration of the supply of services and goods of first necessity, as well as
environmental impacts; criterion of social consequences — loss of services and violation of daily
life and procedures for establishing ECI (Fig. 1.1.)

Ilponeaypa 3a yeranossBsane oT AbPAKABHTE-IEHKH HA KPHTHYHH HH(PACTPYKTYPH, KOHTO
morar jaa Obaar ozHavenn karo EKH curaacho winen 3*,**

Torenunansa TeHILA
EKH EKH

[Msprosauaien nogéop: [punarane na onpeaenenuero Ilpunarase Ha onpesieneHHeTo

= ~ Ilpunarane Ha
NpHIAraHe Ha CEKTOPHHTE 1o wieH 2, Gyksa a) 3a KH na  no uien 2, Gyksa 6) 3a KH na P!

MEKLYCEKTOPHHTE KPHTEPHH

KpHTEpHH HAUHOHATHO HHBO HAUHOHAIHO HHBO
“ITo oupexmusa 2008/114/EQ na cveema om 8 dexemepu 2008 200una omuocko yemanosasanemo u
OIHQUACANEMO A EPOREHCKI KPUIMUNHI UHPacmPYKMYPU [t OUCHKAMA 1A HEOOX0OuMOCIinG om
ROOGOPRGAHE HA MAXHAMA 3QUHMA
B cyuait na nenpemunagane na edun om emanume nomenyuainama EKH ce uzkouwea om

npeyeca u ne ce 3a nucea Kamo EITH.

Figure 1.1. Procedure for establishment of ECI

The critical infrastructure as an element of the security system was studied with an
emphasis on the impact of the factors of the security environment, the possibilities to counter the

! COUNCIL DIRECTIVE 2008/114/EC of 8 December 2008 on the identification and designation of
European critical infrastructures and the assessment of the need to improve their protection" https://eur-
lex.europa.eu/legal-content/BG/ TXT / ?uri= LEGISSUM:j10013...
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risks and threats to CI, the management of disasters depending on their impacts. On this basis, the
specifics of the lunar infrastructure and its interaction with the Earth's infrastructure were
investigated. More specifically, the infrastructure of the Moon was tracked in the context of the
Outer Space Treaty, signed by 111 countries in the world and according to which the definitions
of CI and ECI cannot be applied directly, because they define belonging of the population to a
nation and territory of The Earth. And this means that in the case of the Moon or another cosmic
body, this affiliation cannot figure, but all the inhabitants of the Moon must be considered as an
affected population.

As potential infrastructure of the Moon, five main infrastructure sectors are distinguished,
necessary for a permanent base on the Moon, which can ensure a self-sustaining, sustainable and
permanent (from several days to several months) human presence. These are power systems,
communication and navigation systems, transportation systems, life support systems, and systems
for in-situ resource utilization (ISRU). The most suitable are considered to be on the outskirts of
the Shackleton crater (Figure 1.2), which is located at the south lunar pole. The reasons for this
are the presence of craters, in whose cavities there is a constant shadow and ice is present.
Moreover, on the ridge of Shackleton Crater and in the area around it, it has been found that these
places are almost constantly illuminated by the sun and overall, the crater location helps to
overcome two problems - extraction of water and solar energy by placing solar panels on the ridge.

Therefore, most built infrastructures on the Moon, and indeed on any other space body, can
be defined as critical infrastructure, at least those that are part of the previously listed five sectors.
Each one of them can endanger the health and life of the living population, in cases where the
functional characteristics of the systems cannot be fulfilled. And similar to the actions for the
prevention and protection of CI on Earth, the doctoral student's thesis is that the corresponding
mechanisms should be developed and undertaken for the specific critical infrastructure (SCI) of
other celestial bodies. The emphasis of this scientific research is on the specific landslide processes
that can negatively affect a SCI built on the Moon. Landslides, the object of research, are marked
as "specific" for two reasons - the first is that they are located on the Moon and the second is that
they are located in the cavities of craters produced by meteorite collisions.

@ Site 102

@ Site 105

Site 011 @
@rue 004
Site 001 @

Site 007
Figure 1.2. Potential landing locations for Artemis missions
(source: NASA)

From here, attention is paid to approaches to limit the impacts of specific landslide
processes on CI. In this regard, it is appropriate to create inventory maps for the susceptibility to
landslides, which depict the spatial probability of a landslide occurring only according to the
characteristics of the terrain, without taking into account the time factors and those that directly
trigger the landslide process of a land mass. As the most accurate method of recognizing landslides
through satellite images (for the Earth), manual mapping is considered, but due to the specificity
of the studied phenomenon and the fact that the craters on the Moon are a huge amount, such an
approach is laborious and impractical. Accordingly, in continuation of the author's previous
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studies>, scientific research is directed towards the further development of the methodology for
recognizing landslides in crater cavities, through automated methods, supporting the analysis of a
huge number of cases and at the same time ensuring a high percentage reliability in the final results.
The applicability of such an algorithm contributes to the preparation of the necessary inventory
both on the Moon and in craters located on other celestial bodies of the planetary type. For this
reason, there is a need to study the surface and geological processes of the Moon, tectonic activity,
volcanism, meteorite impacts, as a result of which the lunar craters are formed, erosion processes,
which are a complex prerequisite for landslide processes. On this basis, a comparative analysis of
landslide processes on the Earth and the Moon and their interrelationship with critical
infrastructure was made. On Earth, the main triggering factors for landslides are heavy rainfall,
snowmelt (or generally an increase in water content in the soil) and earthquakes. Usually, one is
the triggering factor, while a combination of several can be defined as predisposing factors, which
can be natural or anthropogenic in nature. Knowing them is the basis for grouping and recognizing
landslide processes, preparing landslide inventory maps and taking appropriate actions to prevent
and limit their impacts on CIL.

Although the triggering factors for landslide processes on the lunar surface differ from
those on Earth (due to the lack of an atmosphere, the lunar surface is attacked by surface processes
in a different way than on Earth and are grouped into the following categories: "gardening" impact,
space impact and thermal lunar earthquakes, meteorite collisions, moonquakes.), a number of
authors define the type of lunar landslides, borrowing already established categorizations by
analogy with those on Earth. Emphasis is on falls, slides, slumps, granular flows, creeping
landslides. Therefore, the Moon is subjected to various impacts, which inevitably lead to landslide
processes of the corresponding type, which in their nature and manifestation differ from those of
the Earth, although some of them have similar nature, causes and factors. And this determines the
need to derive regularities in the specific processes to limit their impact on the critical
infrastructure.

CONCLUSIONS FROM CHAPTER ONE

1. According to the legislative framework of Bulgaria and the EU, critical infrastructure is
any system whose proper functioning, individually or collectively, is of vital importance to society
and the state as a whole. The National CI differs from the ECI mainly in terms of territorial scope.
The inclusion of a CI as an ECI is conditional on the consequences of its impaired functioning
affecting at least two EU member states.

2. The conceptual and literature review and the studies of the plans of leading space
agencies suggest that the terminology can be transferred from the national level to the international
level and accordingly the basic principles of CI can be adapted for other terrestrial space body.
This allows 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 in-situ resource utilization.

3. Research indicates that there are well-developed (or in the process of being refined),
functioning and in the process of being perfected approaches and tools for minimizing the negative
impacts of natural disasters and landslides in particular. The stages of this entire process include
preliminary risk analysis, implementation of mitigation measures, rescue and recovery actions
after the occurrence of such a disaster.

4. The success of countering and limiting the consequences of specific landslide processes
is directly dependent on the preparation of an inventory map and a map of susceptibility to
landslides, which depicts the spatial probability of the occurrence of a landslide only according to

2V. Yordanov, ,,Mapping landslides in lunar impact craters using Chebyshev polynomials and Dem’s*, 2016.
3 M. Scaioni et al., ,,Recognition of landslides in lunar impact craters®, European Journal of Remote Sensing,
ToM 51, 6p. 1, cp. 47-61, 2018, doi: 10.1080/22797254.2017.1401908.
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the characteristics of the terrain and its specificity, containing information about the coordinates
of the landslide, its extent and type of movement. In this direction, according to the object of the
scientific research, no such map has been prepared with a comprehensive landslide inventory for
the lunar surface.

5. The moon, as the closest cosmic body, has been the subject of numerous observations
and studies for centuries. The development of satellite technologies in recent decades allows and
procures a huge amount of digital data, necessary and useful for many scientific studies of a
different nature. The ambitions of the space agencies in this direction are primarily related to the
development of various space missions for the construction of permanent lunar bases for the
purpose of scientific research and mining of minerals. And since any future infrastructure on the
lunar surface will be subjected to a variety of destructive processes, such as specific landslide
processes, it is more than ever necessary to conduct a preliminary and thorough study of the same,
on the basis of which to create a scientifically based and practically applicable methodology for
their detection, mapping, inventory and construction of countermeasures and protection systems.

6. The existing studies of the lunar surface at the moment give reason to claim that,
although it is not tectonically active as the earth's surface, it has also been influenced and continues
to be modified under the influence of various processes: the absence of an atmosphere, from here
and relatively frequent tectonic activity associated with temperature differences reaching extremes
due to the change of day and night, constant solar radiation exposures, constant meteorite
bombardment, which in turn have a destructive effect on the surface lunar layer and the formation
of lunar craters (simple, complex and multi-ring basins).

7. Comparing the predisposing factors for landslides on the Earth and the Moon, the
activation of terrestrial ones is mainly due to the high water content, while such predisposing and
triggering factors on the lunar surface are absent, but there are other such factors inherent. As for
earthquakes or other types of destructive activity as a factor influencing landslide processes on
both the Earth's and the Moon's surface. The so-called moonquakes (earthquakes on the Moon),
which occur as a result of the large temperature difference between lunar day and night (and vice
versa). Another triggering factor of landslide processes on the Moon is the released energy in the
lunar surface, which usually occurs when a meteorite body collides with the lunar surface.

8. Despite the differences in the surface characteristics and the mechanism of activation of
landslide processes on the Earth and the Moon, it allows the categorization of the landslide
processes both on the Earth and on the lunar surface according to their mechanism of movement,
and respectively in the type of "falls", "slides", "slumps" etc., which allows easier observation and
mapping of these processes in both cases.

CHAPTER TWO. METHODOLOGY FOR RESEARCH AND ANALYSIS OF
SPECIFIC CRITICAL INFRASTRUCTURE

Solving the second research task is achieved through the study of the methodology for
limiting landslide processes on the lunar surface and possible software solutions. For this purpose,
an overview was made of the applied methods for visual recognition of landslides on the lunar
surface, as well as by Chebyshev polynomials for the approximation of crater height profiles.
Chebyshev polynomials are a series of orthogonal polynomials, each with a unique and
uncorrelated form with respect to all other members of the series. Each profile is approximated by
considering the length of the cross-section to be twice the edge-to-edge diameter of the crater. This
distance is then normalized between -1 and +1, which is also the domain of the Chebyshev
polynomials. In this interval any arbitrary continuous function can be approximated®. In the
considered case, the approximation function is the discrete crater profile f{x), where x is the
direction of the sample. Among the four different types of Chebyshev polynomials used, it is
proposed to use type I to approximate crater profiles®. This is motivated by the simplicity of the

4 W. Gautschi, ,,Orthogonal polynomials (in Matlab)*, Journal of Computational and Applied Mathematics,
2005, doi: 10.1016/j.cam.2004.03.029.

5 Mahanti, M. S. Robinson, D. C. Humm, u J. D. Stopar, ,,A standardized approach for quantitative
characterization of impact crater topography*, Icarus, 2014, doi: 10.1016/j.icarus.2014.06.023.
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polynomials is based on a recursive series:

Ti(x) = x, respectively.
assumes:

To+1(x) = 2xTu(x) - Tn-1(x);

coefficients associated with this representation. The formulation of the basis functions of
x| <1,

where Tn (x) is the polynomial part of the nth order. The parts of order 0 and 1 are Ty(x) = I and

(2.1)
To approximate a function f(x), a linear combination p(x) of the basis functions, one
S) = pu(x) + o(x") = Tl Cn T (x) + o), (2.2)
where M is the degree of the Chebyshev polynomial and C, are the coefficients that
modulate the amplitude of each fundamental component. The C, coefficients are calculated on a
"least squares" basis to match real profile data. The residual approximation error (x*) is equal to
the sum of the missing terms after power M that are not considered in the approximation.
X main crater
local T7i(x) g I
Slope " \ L x){; cavity walls
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Figure 2.3. The Chebyshev basis function (dashed lines) help the crater profile
according to their similarity to individual parts of the crater profile. Source: Mahanti’

The effectiveness of Chebyshev polynomials for approximating crater cross-sectional
profiles is due to their properties, which can be summarized in four main points:

v' orthogonality of the basis functions and disconnection between the calculated coefficients:
although the total number of accepted coefficients in equation (2.1.) may be different, the
calculated values of the lower order coefficients are always the same. This feature is important
because it makes the calculated coefficients independent of the particular calculation process, so

they can be compared with similar ones from other cross-sections. In fact, the lower numbered
coefficients 7,(x) have a greater impact in approximating the geometry of the profile;

v" Chebyshev polynomials lead to the smallest maximum deviation with respect to the
interpolated function, i.e. in this case, the cross-sectional profile of the crater’;

v’ extreme values of polynomials always appear at some specific positions on the base axis
to the crater geometry;

(x=-1, 0, +1). This feature makes it easier to relate the coefficients of the calculated polynomials

This does not mean that morphological characteristics can be directly measured, but that a set of
of odd polynomials.

v the correlation between lower-order coefficients, as well as some combinations of
objective numerical indicators can be obtained by a repeatable almost automatic process;

coefficients with important morphological properties of the crater and its surrounding terrain

(average height of the crater profile, local topographic gradient, crater depth, etc.) - see Mahanti®.
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In previous works>*®, it was confirmed that four crater cross-sections are sufficient to

detect large landslides in lunar craters. The basic assumption is that a strong asymmetric
component in the polynomials can be seen as a mass motion signal that needs independent analysis
for each cross-section. Thus, four cross-sectional profiles of the crater were interpolated from the
WACGLD100 DEM using bilinear interpolation. The length of each profile is extended beyond
both edges by approximately 30% of the ridge spacing. This length is shorter than that adopted in
Mahanti, which uses profiles twice the distance between ridges. The decision made here is
motivated by the need to tailor the approximation to model the Cassini A profiles, rather than
defining a standard profile length to be applied across the board. The resulting cross-sectional
profiles are of the spatial step type of 200 m, the total length (the same for all directions) is 25
kilometers and a total of 127 elevation points. Considering that interpolation from the DEM can
degrade the accuracy of the points with an accuracy of = 10 m for the maria and + 20 for the
mountains.

Approximation with Chebyshev polynomials was carried out using M = 26 terms,
corresponding to a maximum power of 25. In such a case, the number of coefficients proposed by
Mahanti’, i.e. M = 16, was changed to better model the shape of the Cassini A crater. Additionally,
testing the statistical significance of the higher-order coefficients was targeted in this study. It is
noteworthy that some of the Chebyshev coefficients are related to important morphological
parameters, in this case C1 is related to the general slope of the terrain. If the slope is too large, it
would affect the coefficient calculations, so in such cases the slope should be "removed" C1 and
set to zero for a more accurate analysis. According to this concept, the cross-sectional profiles for
all studied craters were obtained.

The data show that in only one case of low order C; (M<4) did not pass test (2.11.) - at
coefficient C3 of S-N profile. This result is particularly significant because this coefficient
indicates the absence of asymmetry in the profile. This property can be confirmed by looking at
the S-N profile. The next step of the analysis focused on the standard residuals after LS calculation,
which are expected to be normally distributed with zero mean.

The presence of large odd coefficients is related to the general asymmetry of the profile.
The asymmetry may be related to landslides from the slopes to the crater floor, as in the case of
the Cassini A crater. To investigate this feature, the absolute value of the standardized odd
coefficients was compared for all four profiles:

C; = ai (2.12)

Its use allows monitoring the uncertainty of the calculated coefficient. On the other hand,
ignoring the sign does not result in a loss of information for the purpose of searching for
asymmetry. The standardized odd ratios for the four Cassini A cross-section profiles are presented
in Figure 2.6.

a) , o ©)
o [ a | PO ——
@ucypa 2.6. Hemupume ranpetnu cevenun ra Cassini A. CHRHAMA TR ROKAI6Q npegun nony am
WACGLD100 DEM; Yepoerama nunus noxasea na popa 1pes na

. -
M=26 } 7] cmenen 25; aunun Ha guzypa d) mesce da dwoe
3GBEAAIAN NPENTXHAMUA HAKTION PG MEPERA.

8 V. Yordanov et al.,2016, doi: 10.5194/isprsarchives-XLI-B6-17-2016.
° P. Mahanti, M. S. Robinson, D. C. Humm, u J. D. Stopar, uur. usz.
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By comparing Figure 2.6.a and Figure 2.6.b, two extreme cases can be pointed out. The
largest values of can be found in accordance with the W-E profile, which is clearly asymmetric.
The smallest values are associated with the S-N profile characterized by a high degree of
symmetry. In fact, in Figure with this profile does not cross the landslide body. On the contrary,
both diagonal profiles do so, and this fact can be recognized in the plot of the absolute standardized
coefficients. In the case of the SW-NE profile, a very large value is reported. In the case of the
NW-SE profile, odd-order coefficients between 3 and 9 show values that are higher than the
average value.

As a final element of the analysis, there is a need to develop a new approach to better
approximate the discrepancies with the theoretical model, therefore a new criterion for their
distinction has been applied. The concept is to obtain an approximation of the studied profile made
only by the contribution of the odd Chebyshev scale factors. In this way, only the asymmetry, if
any, is subject to modelling. When the crater shape is perfect, ie. completely symmetric, then the
odd Chebyshev coefficients should be equal to zero. In this way, the profiles of real cases can be
calculated, with the difference between their odd approximation and the theoretical one (residuals
from the mean line with a more significant term) representing their standard deviations. While the
final conclusion whether the considered crater is affected by landslide processes must be obtained
using a properly chosen threshold criterion. This means analysing step by step: profile extraction,
Chebyshev approximation of the profile, topographic slope exclusion, asymmetric profile
construction, outliers and residual linear trend exclusion, residual calculation, residual analysis.
All these steps are visualized in their respective order. A logical consequence of all this is the
determination of some threshold criteria to interpret the obtained results. For this purpose, two
criteria have been adopted - adaptive and fixed criteria. Adaptive is represented by kRMS (root
mean square) of the standard deviations, where k = 0.8 +~ 1.35, while the fixed value is a threshold
of 100 + 170 m (DEM = 10 m). The calculation of this whole process is by means of a created
MATLAB script. It introduces all the necessary computational steps for the statistical tests
mentioned above, as well as the previous steps for crater approximation and landslide recognition.
Manually downloaded elevation profiles and the desired order of approximation are required as
necessary data to start the profile calculations.

The main sources of information are data from the four current lunar missions: Lunar
Reconnaissance Orbiter (LRO) and ARTEMIS of the National Aeronautics and Space
Administration (NASA) and Chang'E 3 and 5 of the China National Space Administration
(CNSA). LRO is orbiting mission with on-board instruments, while Chang'E 3 is an unmanned
lunar exploration mission by CNSA, including a robotic ground rover (Yutu). LRO has six separate
instruments on board to create accurate maps and acquire high-resolution images, assess potential
future landing sites and lunar resources, and characterize the radiation environment!’. One of the
instruments equipped is the Laser Altimeter (LOLA), which is tasked with capturing high-
resolution global topography, measuring slopes, surface roughness and other geomorphological
parameters of the Moon's surface to help users easily evaluate data from the lunar missions. The
other instrument and the data obtained from it that was used for the purposes of this dissertation is
from the Lunar Reconnaissance Orbiter Camera (LROC). The LROC consists of two cameras, a
narrow-angle camera (NAC) and a wide-angle camera (WAC). NAC's Ground Sampling Data
(GSD) can reach a maximum of 0.5m at a Skm swath, while WAC provides 100m scale imagery
at a 60km swath in seven colours. As a result, a near-global digital terrain model (DTM) with a
resolution of 100 x 100 m was produced from the WAC stereo images, with the Global Lunar

10°G. Chin u cpasr., ,,Lunar reconnaissance orbiter overview: The instrument suite and mission®, Space
Science Reviews, 2 F. Scholten u cwagr., ,,GLD100: The near-global lunar 100 m raster DTM from LROC WAC
stereo image data“, Journal of Geophysical Research E: Planets, 2012, doi: 10.1029/2011JE003926.007, doi:
10.1007/s11214-007-9153-y.
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DTM 100 m (GLD100) covering 98.2% of the entire lunar surface'!, with an average altitude
accuracy of height better than + 20 m. Especially in the "maria"-regions, = 10 m is even better.

Therefore, the primary data source used was the DTM GLD100 produced by images from
the LRO WAC camera. All required file data is obtained from the official web page for distribution
of data received from LRO. The Geographical Information System (GIS) QGIS, which is an free
and open source software (FOSS), was used to visualize the raster images. The vector shapes of
the craters are 5 <D < 20 km.

Due to the fact that the craters on the Moon are numerous, they are the object of constant
interest and scientific research. One of the main problems that scientists are trying to improve is
the counting and mapping of craters on the lunar surface, and therefore there is a lot of research in
the scientific literature on different techniques and methodologies for identifying craters. These
developments are also of great interest to the current dissertation work due to the fact that such
products can help to more quickly and qualitatively study the problem related to landslides on the
crater walls. Such an example is the product developed by Povilaitis'?, which presents an inventory
of the locations of relatively small craters with a diameter between 5 and 20 km. To obtain this
data set, the authors used the GLD100WAC and the CEM obtained from LRO's laser altimeter,
which digitized craters on the lunar surface. The final number of craters generated was 22,746.
The dataset is freely distributed through NASA's LRO Data Distribution System
(wms.lIroc.asu.edu) and is a set of spatial vector layers (Figure 2.16.) that describe the circular
shape of each crater. The attribute table contains information about the coordinates of the crater
centers and their diameter. On the other hand, there is a lack of information on the age and
condition of the craters. This paper uses this data set for crater locations between 5 and 20 km in
diameter, in combination with GLD100WAC.

£ NS

Figure 2.16. Example of the data set for craters with 5 <D < 20km (source:
https://pds.lroc.asu.edu/ )

In the course of the previous development, a total of 51 craters of the "simple" type were
analyzed. Their diameter varies from 2 km to 50 km. The location of the craters is different - it
covers various terrains on the Moon (mountains, maria), see Figure 2.20. Some of the craters are
borrowed from the study done by Brunetti'? to be used to validate the new proposed methodology.

''F. Scholten u cbasr., ,,GLD100: The near-global lunar 100 m raster DTM from LROC WAC stereo image
data®, Journal of Geophysical Research E: Planets, 2012, doi: 10.1029/2011JE003926.

12R. Z. Povilaitis, M. S. Robinson, C. H. van der Bogert, H. Hiesinger, H. M. Meyer, u L. R. Ostrach, ,,Crater
density differences: Exploring regional resurfacing, secondary crater populations, and crater saturation equilibrium on
the moon*, Planetary and Space Science, Tom 162, ctp. 41-51, Hoe 2018, doi: 10.1016/j.pss.2017.05.006.

13 M. T. Brunetti, Z. Xiao, G. Komatsu, S. Peruccacci, u F. Guzzetti, ,,Large rock slides in impact craters on
the Moon and Mercury*, Icarus, 2015, doi: 10.1016/j.icarus.2015.07.014.
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And since only simple types of craters are selected due to their simple structure and shape, complex

ones require a modified approach.
Paznonoxkenne na 51 KpaTrepa H3I10/I3BAHH B NIPEIHHTE
AHATH3H
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Figure 2.20. Location of 51 craters used in forward analyses

After the preliminary analyses, it was concluded that this number of 51 craters is not
sufficient for the final formulation of the methodology. Further consideration of the previous case
studies and field analysis using the WACGLD100 DEM allows the conclusion that it is necessary
to increase the number of cases studied, which in turn should help define the final models. The
newly developed programming code in Python gives almost unlimited numbers, all you need is
the DEM and the vector shapes of the craters. According to an initial analysis, the craters with D
< 100 km are more than 70,000. A number that is more than needed for this research. Therefore,
in order to reduce the number of craters, a reduction in the size of the diameter was undertaken.
For the study of ordinary craters, it is further restricted to sizes 5 km <D < 20 km, with which the
database is filtered and the result can be traced in Figure 2.23. It is interesting to note that there
are no crater locations above 60° N and S latitude, this is due to the cylindrical projection that is
used and the deformation resulting from the approach to the poles, respectively the data that can
be extracted from DEM- and they will be distorted. The final tally is just over 19,000, but still very
large. Therefore, it was decided to focus this study on a region of apparently lower density as

determined after a simple spatial analysis of crater density according to their diameter Figure 2.24.
Jlokauum Ha KpaTepH ¢ AnamMeThp > 5 kM H < 20 km
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Figure 2.23. Location of craters with diameters between 5 and 20 km
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Ipocrpancreeno rpynupane "hot spot" na kparepu ¢
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Figure 2.24 Spatial clustering

The region of relative lowest density is defined from 0° to 90° E longitude (the red region),
defined as the region of interest (ROI), which is used for this development, but an additional
condition is introduced. Thus, the craters were filtered with 10 km <D <20 km, which resulted in
895. This necessitates their manual analysis and preparation (Fig. 2.25.). Using the EP extraction
algorithm all 895 craters were processed and their height profiles were extracted and saved in all
possible formats. The purpose of the EP is to apply the previously developed algorithm for the
classification of crater profiles, according to whether they have a landslide or not. Then apply
machine learning algorithms to improve the final results. Due to its specificity, for these machine
learning algorithms, the impact of balanced and unbalanced input training data on commonly
accepted metrics for validating classification algorithms has been investigated. As a result of this
study, a balance of the training data for training is also recommended, i.e. that the representatives
of each class be equal in number, regardless of the fact that the research phenomenon may exhibit
an unbalanced character. For this purpose, three groups of EPs were extracted, according to the
type of classification planned to be carried out: binary, profiles with landslide (Class 1) and those
"without" (Class 0) or multi-class (landslide, without landslide and deformed (Class 2). The
purpose of Group I (GI) is to test and verify what the distribution of the extracted profiles might
be. To apply a classification algorithm, especially in the case of supervised machine learning, it is
necessary to provide data according to classes, which are set as the ultimate goal. In order to have
good final results, these input data must be good representatives of the classes. In the specific case,
at least two classes of EP can be applied - "with landslide" and those "without " (Figure 2.26a,b).
But after studying the GI, it was found that one more class of height profiles could be included -
"deformed" (Figure 2.26¢).
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Jlokauuu Ha KpaTepHTe H3NMOJ3BAHH B TOBA H3CJIeABaHe

(amamersp > 5 kM u < 20 Km)
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Figure 2.25 Extended study sites - 895 craters and their locations.

After extracting the final number of profiles for each group, manual validation and
classification of these profiles was done to assign them to a class. For this process, the PyQt Image
Annotation application was used, in which the user manually defines the class of each case study.
In this case, the previously obtained images of the EP were used and their belonging to one of the
classes (landslide, non-landslide or deformed) was manually determined. In addition to manual
classification, this procedure leads to other positive results: first, it can be determined what is the
balance of the input data used to train the algorithm (the goal is to have the same number of
representatives from each class); second, it ensures that no crater data not matching the given type
(e.g. compound) is fed to the algorithm.
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Figure 2.26. Examples of the three classes of elevation profiles

The classification result of Group I did not lead to satisfactory results, because the number
of EPs that can be representatives for the class "with landslides" could not be sufficient to train a
stable model. Therefore, a second iteration with the full number of craters (895) was required, with
the angle between two profiles reduced to 30° (Group II), resulting in an almost five-fold increase
in the number of EPs. After the extraction, a secondary manual classification of the images was
done and almost 10-fold increase was achieved in the profiles of the “with landslide” class, on the
other hand, the “without landslide” EPs were twice as many. This is the first indication that the
crater landslide problem is an unbalanced problem, i.e. more profiles unaffected by landslide
processes are inherent. For the purposes of the present work, the binary cases of Group II were
used for: an extended application of analysis of the residuals of approximation of the Chebyshev
coefficients to establish a discriminative threshold criterion; input training data when defining and
testing a decision tree machine learning model; input training data when defining and testing an
artificial neural network for deep learning; mapping the craters according to the classifications
obtained above. After initial tests, it was found that the profile cases should be further increased
to increase the accuracy of the algorithms. Consequently, this required reducing the angle between
them to 10° (Group III), which in turn resulted in more than 15,000 elevation profiles. After
manually classifying the EPs, 2,200 profiles were defined for each of the three classes (6,600 total
for the three classes). Thus, Group III multi-class case studies have been used for: input training
data in refining a decision tree machine learning model; input training data when refining an
artificial neural network for deep learning; mapping the craters according to the obtained
classifications.

The presented study of Chebyshev polynomials assumes the preprocessing of data was
initially done in the Matlab environment (https://www.mathworks.com/). The systematization of
the steps in Matlab is as follows: the incoming data are submitted, pre-processed and prepared
according to the procedural requirements; each element is interpolated using Chebyshev
polynomials; calculate the coefficients of each polynomial, leaving only the odd ones; inverse
interpolation is done using the method of least squares; the residual errors of standard deviation
are calculated; the output results are saved in tabular form of Microsoft Excel with xlsx extension.
In summary of the processing steps arranged in this way, the conclusions are that in case of a
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possible expansion of the scale of the procedural scope, i.e. when using many times the number of
work cases, the effects are not positive.

The established lack of an automated programming environment for the preprocessing of
the input data requires that all necessary steps be performed manually for each case (in this case,
an elevation profile) individually. In order to minimize manual data processing, as in the case of
input data it is necessary to present only the minimum of requirements in the raw format obtained
directly from the data provider, in the development of the necessary program codes, it is assumed
that the final outputs prepared for discussion and conclusions. In order to overcome the mentioned
drawback, as well as the limitations of using MATLAB (paid software of a private nature, therefore
its use requires a license, it is not susceptible to flexibility), the software solutions in the following
studies are through the applicability of free software with open source (FOSS). The use of FOSS
has several advantages - flexibility of applicability, possibility to upgrade according to needs, from
the point of view of intellectual property in most cases it is enough to mention the main developer,
and the use of FOSS for commercial purposes depends on the imposed license, constantly evolving
and playback environment. And since Open Science is one of the main priorities of the EC'%, and
open software fundamentally supports it by allowing the community access to new discoveries
and research, which in turn leads to potential upgrading and progress. For this reason, Matlab has
been replaced by the Python programming language (https://www.python.org/), which is
widespread and has applications in all fields, mainly due to the abundance of open add-on
packages. These add-on packages are also developed on the FOSS principle and build upon and
complement the core functionalities of the language depending on the need and application. In this
sense, the language is very well developed and suitable for geospatial analysis, satellite image
processing and application of Artificial Intelligence (Al) algorithms.

For the purposes of the dissertation, a code was developed, for which it is necessary to
submit as input data a Digital Elevation Model and the circular shape of the crater in a vector
geospatial format. As output data are the extracted elevation profiles (EP) of the crater in different
directions. It is not mandatory to submit data individually for each crater, i.e. if the user has a
whole DEM for the area under investigation and vector data with the location and circular shape
of the craters, the developed algorithm can automatically extract all the EPs according to the set
parameters. The only requirement is that the two data layers be spatially referenced in the same
coordinate system. Besides the two numbers of inputs, two more important parameters need to be
entered: in how many degrees to make the elevation profiles - starting from 0° (which can be taken
as north) in how many degrees to make the next profile. The algorithm makes a full rotation on
the diagonal through the geometric center of the crater, so there is no need to supply values greater
than 179°; over what distance to make a height measurement along the length of the profile. This
parameter mainly depends on the spatial resolution of the DEM used. Setting a distance greater
than the GSD means that not all pixels are "sampled". In the opposite case, a smaller distance, data
repetition occurs, which will not affect the results later, but affects the processing time - more
redundant measurements means more time. Once the algorithm has determined the elevation
values along each profile, the results can be saved in three formats: a vector spatial file (shp) - each
profile can then be entered into a GIS and used as intended; tabular form (csv) — a light format in
which all values are recorded on both axes (length and height level); graphic view (png) — the
profile is saved as an image and can be used for visual analysis. In addition to the pre-processing,
solutions have been developed for training and applying machine learning models necessary for
the precise determination of a height profile to any of the three classes, respectively the
determination of the presence of a landslide body or not.

4 Buropean Commission, ,,Open Science®, European Commission - FEuropean Commission.

https://ec.europa.eu/info/research-and-innovation/strategy/strategy-2020-2024/our-digital-future/open-science en
(otBOpen Ha 06 Mapt 2022).
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Other software, packages and services may be useful, such as: QGIS'>: GIS for Geographic
Information System, PyQt Image Annotation Tool'¢ , Scikit-learning!’, Keras!'®, Google Colab'’,
using high-potential graphical processing units.

CONCLUSIONS FROM CHAPTER TWO:

1. Both on the Earth and on the Moon, different techniques can be used to recognize
landslide processes and their signatures. At the moment, it is impossible to study the lunar
signatures of landslide processes in person, which determines the applicability of the remote
sensing approaches. Thus, any deviation from the circular shape of the crater leads to a mark of a
landslide process of the "slumps" type.

2. Visual recognition of landslides is a precise approach, leading to high accuracy of the
final result, in cases where the operator is sufficiently experienced, but at the same time leads to
an extremely slow process, relying only on human labor. For this reason, scientific research is in
the direction of proposing a fully automated methodology, free from subjective interpretations and
whose application will allow the recognition of a huge number of craters both on the Moon and on
other terrestrial planets.

3. An applicable method for recognizing craters on the lunar surface is the Chebyshev
polynomials, which are a series of orthogonal polynomials. Each of them has a unique and
uncorrelated shape with respect to the other members. Polynomials offer an extremely low error
value, which is why they are applicable to the approximation of crater cross-sections. In this way,
it is also possible to classify craters according to their morphological features and whether they
have terraced walls, a central peak or a slope, etc. At the same time, the asymmetry component
that may appear when approximating a cross profile can be separated.

4. Asymmetry is an important element and main hypothesis of this study. For "simple" type
craters in their primary, undisturbed form, the crater profile of the cavity should be symmetrical
about the vertical axis. Accordingly, using the Chebyshev polynomials, approximating a cross
profile and separating the asymmetric component, it can be determined whether the corresponding
profile is deformed under the influence of landslide processes.

5. For extended application and testing the applicability of the methodology by
approximation with Chebyshev polynomials, a total of 895 craters with varying diameters were
selected. On this basis, the applicability of the adaptive and fixed threshold criterion from a
previous application of Chebyshev polynomials is defined. For this purpose, four cross-sections
were extracted for one crater in different directions relative to the center of the crater, and the
approximation was realized using the WACGLD100 elevation model with a spatial resolution of
100 m, sufficient for the identification of landslide processes of this scale.

6. Group III profiles used for binary and multi-class training of machine learning type
algorithms while preserving the principle of symmetry in one profile is scientifically justified.
Group III 1s composed of 895 craters and elevation profiles were extracted for them across 10°,
i.e., 17 counts per crater or a total of 15,215 elevation profiles.

7. The approximation of a profile by Chebyshev polynomials is only based on the used
asymmetric components of the polynomials. This determines the need to standardize the odd
coefficients. In this way, it becomes possible to observe values located at extremes in both ranges.
The largest values are obtained due to a strong asymmetric effect, while low values are retained
due to the presence of symmetry.

8. Determining the threshold criteria for the discrimination of profiles allows to show in an
unambiguous way the outcome of a study for a coefficient varying in more average values with
the help of an appropriate statistical toolkit. Threshold criterion testing is based on the analysis of
approximation residuals from the Chebyshev coefficients, using an adaptive and fixed criterion.

15 QGIS. 2022. https://qgis.org/en/site/

16 PyQt Image Annotation Tool. 2021. https://github.com/robertbrada/PyQt-image-annotation-tool
17 Scikit-learn. 2021. https://scikit-learn.org/stable/

18 Keras. 2020. https://keras.io/

19 Google Colab. 2020. https://research.google.com/colaboratory/
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9. Only Free and Open Source Software (FOSS) was used for the purpose of research and
the determination of research tasks due to their established advantages. The applicability of these
softwares is dictated by open science, as an EC priority supported by open softwares.

10. The developed code was implemented in the Python environment by providing input
data Digital Elevation Model (WACGLDI100 was used) and the circular shape of the crater in
vector geospatial format. A key requirement is the spatial referencing of the two data layers in the
same coordinate system.

11. 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.

CHAPTER THREE. A MODEL FOR IDENTIFYING AND LIMITING THE
IMPACT OF SPECIFIC LANDSLIDE PROCESSES ON CRITICAL INFRASTRUCTURE
USING ARTIFICIAL INTELLIGENCE

By solving the third research task, the ultimate goal of the dissertation is achieved. The
research in the third chapter is focused on the possibilities of improving the methodology for
studying landslide processes on the lunar surface and limiting their impacts on the critical
infrastructure of the Moon through the applicability of artificial intelligence algorithms (Fig. 3.1.)

WN3kycTBeH NHTenexkt

MawwuHHo Oby4eHne
HeBpoHHU Mpexu

Jbnboko
Oby4eHne

Figure 3.1. Artificial intelligence and its subsectors

Artificial intelligence is the general name for all algorithms that can make decisions based
on data analysis?®. Artificial intelligence algorithms are widely applicable and lead to very
satisfactory results when applied to solving problems with a large set of input data, when there is
no pre-established decision-making model, or when precisely such a model is too complex for
traditional methodologies. Machine learning comes in two varieties — supervised and unsupervised
learning. Algorithms can be for classification, regression and others. For the purposes of the
dissertation, supervised learning algorithms were used for classification. It requires a set of data
that 1s pre-defined into the classes for which the model is being made. Our proposed model is for
binary and multi-class classification. In the binary classification, there are two classes (C0 and C1)
- elevation profiles without landslides and those with landslides, and in the multi-class
classification - C0O, C1 and C2, where the deformed EPs are added. This trained data is fed in and
the model is trained on it, then the “learned” is applied to other previously unused case studies. In
training these algorithms there is a danger of overfit learning, i.e. the model learns very well the
characteristics of the training data and their belonging to the corresponding class, but fails to apply
what it has learned when it has to make a classification of data that has not been used so far. In
unsupervised algorithms, the input data are fed without their classes being determined in advance.
The algorithm itself determines the classes and data belonging to them.

According to the specified characteristics, three models are proposed - one based on the
"decision tree" approach and two based on the algorithms of artificial neural networks.

20 A. Géron, Hands-On Machine Learning with Scikit-Learn, Keras, and TensorFlow: Concepts, Tools, and
Techniques to Build Intelligent Systems. O’Reilly Media, Inc., 2019.
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The "Random Forest" model 2!(Fig. 3.2.) is built on the principle of a forest of decision
trees and is proven in many different areas of use due to the fact that the algorithm is resistant to
"overfitting" and accordingly, this phenomenon is rare. It is also used in landslide susceptibility
mapping?2.

Decision Tree-1 Decision Tree-2 Decision Tree-N

Result-1 Result-2 Result-N

%ﬁ Majority Voting / Averaging

Final Result
Figure 3.2. Decision tree forest diagram (source: analyticsvidhya.com )

The architecture of models based on artificial neural network algorithms depends on the
problem to be solved. The movement of the calculation can be different - forward, backward and
others. These models represent a network of neurons (connections), which are in nature simple
computations connected in a network. For each neuron, the equation weights are calculated.
Neurons are distributed in "hidden" layers that are also connected to each other. For the purposes
of the dissertation, the construction of networks with forward calculations was used, and on this
basis, a Multi-layer Perceptron Networks model and a Deep Learning model were proposed. The
first represents simplified networks with not many layers and neurons. They usually consist of one
input layer, hidden layers, and one final threshold layer. A simplified example of a neural network
is shown in Figure 3.4.
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Figure 3.4. A neural network with one input layer, one hidden layer with 10 neurons,
and an output layer with two neurons
In general, the structure of neural networks is much more complex - they have more layers
with neurons, and the second model based on artificial neural networks is built on this basis. This

2! Breiman, Leo. "Random forests." Machine learning 45, no. 1 (2001): 5-32.
22 Yordanov, V. and Brovelli, M.A., 2021. Application of various strategies and methodologies for landslide
susceptibility maps on a basin scale: the case study of Val Tartano, Italy. Applied Geomatics, 13(3), pp.287-309.
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model is usually considered a deep network when more than two hidden layer and from here it is
called Deep Learning. For most neurons, more model parameters are obtained and at the same time
many times more neuron parameters are calculated. This is for the purpose of obtaining a higher
precision of the applied algorithms (Figure 3.5.).
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Figure 3.5. A deep neural network with five hidden layers

Building the models is one tast. The other is their validation, the effects of which depend
on the chosen metrics depending on the problem under study. Improperly chosen metrics can lead
to false security caused by high values that are actually wrong. This is a very important step
especially when considering problems in which the phenomenon expresses an unbalanced
character, i.e. one class is available in times more than the other. Such is the case with terrains
affected by landslides on Earth, these are phenomena that are spatially rare compared to terrains
that are not affected by landslides. For this reason, a detailed analysis of the potential and
appropriate metrics that can be used in analyzing landslides* has been done. In this work, balanced
accuracy is mainly applied, because it is not affected by the unbalanced effect of the input data.
Accordingly, a review was made of the results of an analysis of the residuals of approximation of
the Chebyshev coefficients based on the application of 51 craters - 31 are already classified with
landslides>* and 20 additional specimens with the aim of expanding the class of craters without a
landslide. The total sum of the extracted cross-section profiles in the four directions is 204.
Through visual recognition, the cross-sections are classified as “with landslide” and “without
landslide”, 65 and 139, respectively. Thus, the proposed threshold criteria are tested not only for
detection of asymmetry in cross-sectional profiles, but also to determine profiles that do not
produce landslides. Two threshold criteria are also proposed - an adaptive criterion and an absolute
one. Both are designed to analyze the resulting residuals, specifically their standard deviation. For
this purpose, the better tool for analyzing standard deviations is its root mean square (RMS).
Again, the coefficient "k" is introduced, where k = 0.8 + 1.35. The kRMS criterion is a logical
choice because it varies between cases, and in this study it is independent for each impact crater
analysis. While the threshold of the absolute value of the standard deviation of the residuals sets
the same conditions for all cases studied. Nevertheless, values from 100 to 170 meters per 10 m
were chosen to be tested as a criterion of the absolute value of the standard deviations. During
analysis, odd properties are noted in the threshold criteria used, resulting in both having opposite
effects. In the first case, low threshold values can be obtained, which leads to inaccurate
measurements. On this basis, "no landslide" profiles are classified as "with landslides". Another
possible effect is to obtain values that are too high, which may increase the risk of missing

2 V. Yordanov u M. A. Brovelli, ,,Comparing model performance metrics for landslide susceptibility
mapping®, 2020, Tom 43, 6p. B3, ctp. 1277-1284. doi: 10.5194/isprs-archives-XLIII-B3-2020-1277-2020.
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"landslide" profiles and misinterpreting them as "non-landslide". Nevertheless,verifying the
results is recommended. The results of this study are summarized in tabular form, where the
profiles are divided into those with landslides (total 65 sections) and without landslides (139). A
further division was made by introducing cases with "true" detection of mass movement
characteristics and "false" - the threshold value is too high and no landslide is detected. On the
other hand, a "no landslide" section classified as "true" means that the standard deviation of the
profile did not reach or exceed the threshold value, which is a correct classification. In some cases,
the adaptive or absolute values are low and landslide detection may appear when in reality it is not
present. Through the graphical visualization of the results, the opposite effects of the applied
threshold methods are visible. As the threshold values increase, the percentage of "landslide"
profiles that are correctly detected decreases (orange line) and that incorrectly detected increases
(gray line). Nevertheless, the best result in the identification of landslides with the implemented
adaptive method - in the case k = 0.8, means that 83.1% (54) of the profiles "with landslides" are
correctly identified. On the other hand, adopting an absolute value criterion increases even more
the percentage of successfully identified cross-section profiles “with landslides”, obtaining results
of 87.7% correctly interpreted standard deviations, with a threshold value of s = 100m. The
landslide detection techniques proposed subsequently improve the previously obtained results. The
average absolute value used as a criterion for the odd Chebyshev coefficients is more than 12%
correctly identified profiles where a landslide is detected. It should be noted that the results should
always be verified by visual interpretation or if multispectral images are available.

In the visualization of the extended application of the analysis of approximation residuals
through the Chebyshev coefficients, the applicability of an adaptive and fixed threshold criterion
was investigated - application of Group II extended cases. This is also necessary due to the fact
that it is not possible to determine a stable threshold discriminative criterion that can assign EP to
one of the possible classes (CO or C1) with a high degree of precision. Therefore, the preliminary
analyzes are deepened with an additional number of cases, referring to a hypothesis that the
application of more cases leads to a definitive choice of threshold criterion, regardless of whether
it is of the adaptive or fixed type. For this reason, the binary case studies of Group II were used.
This group represents EPs extracted from 895 craters, with the angle between them being 45°,
therefore the total number of EPs is 3,580, distributed respectively in CO 3,791 and in C1 1,579
elevation profiles, which were previously manually assigned to the respective class. The following
values were used for potential threshold criteria, respectively of type: Adaptive - KRMS, where k
=1, 1.2, 1.5 and 2. and Fixed - k, where k=30, 50, 100, 110, 120, 130, 140, 150 and 170. The
presented summary metrics show that, based on the proposed discriminative threshold criteria, a
threshold cannot be determined that separates the two classes with high precision, which turns out
not to be the best feature in this case due to the large imbalance between classes of classified data.
Therefore, it is appropriate to use balanced accuracy as a metric. In Figure 3.8. the balanced
accuracy values for each of the potential threshold criteria are shown.

Balanced Accuracy

Figure 3.8. Balanced accrucay values according to each threshold criterion applied

It is noteworthy that when using an adaptive criterion, the final balanced accuracy is at the
threshold of 0.5 and below this value, i.e. it can be assumed that when applying this threshold, the
possibility of correctly classifying the EP is at random. It also shows the probability that a
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classification is correct, namely when it is 50%. These indicators cannot be accepted as successful
and applicable in the future. Interestingly, these observations coincide with the results obtained in
the initial application of this methodology (on 51 craters). On the other hand, using fixed criterion
values resulted in a higher balanced accuracy < 0.5, indicating that each of these applied threshold
criteria performed better in discriminant analysis than the adaptive ones. The best results are seen
at a value of 50 and 100, with a smooth decrease in accuracy as the threshold value increases.

To determine which of the two values does the job better, it is necessary to consider the
other metrics (Figure 3.9). In this case, Kappa and F1 at a threshold criterion of 100 are higher
than those of 50, as well as those of Precision. Therefore, the choice of a fixed threshold criterion
of 100 leads to the best results of those presented so far, confirming the conclusions of the previous
application of this methodology with 51 craters.
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Figure 3.9. Comparison of discriminant metrics

The obtained results are interesting in themselves and deserve a brief analysis of the
approximation to determine why these threshold criteria cannot achieve high accuracy in
distinguishing the two classes. In Figure 3.10. samples of the EP approximation with odd
Chebyshev coefficients are presented, with the minimum and maximum values of the
approximation noted.
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Figure 3.10. Approximation by the odd Chebyshev coefficients, with the minimum and
maximum values of the approximation noted
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In this case, a representative sample of the approximations is presented and shows a
phenomenon that may explain why it is difficult to make it precise. Unlike theoretical models of
EPs and their approximation, in reality craters are not always perfectly symmetrical when talking
about unchanged initial EPs, on the contrary, there are always minor elements that break the perfect
symmetry. Therefore, an approximation with the odd coefficients, except for theoretical crater
shapes with perfect symmetry, very rarely shows values and their standard deviation residuals
equal to zero. Therefore, even with broken symmetry due to slope collapse, the case can be reached
when the values for the two classes (CO and C1) are very close. This, in turn, makes it difficult to
define a threshold criterion, which makes it necessary to resort to complex, perhaps non-linear
algorithms for classification. At the same time, it is important to do an exploratory analysis of the
Chebyshev coefficients in order to make good hypotheses on which to base the choice of a
classification algorithm. The fact that the results and conclusions of the two applications of the
proposed methodology coincide is a good indicator, on the one hand, of the validation of the
methodology, and on the other hand, of the consistency of the obtained results. At the same time,
these results show that the proposed threshold criteria cannot classify the submitted data with high
precision. Looking at the obtained metrics, it is found that the success rate in most cases is slightly
above 50%, in the best case 54%, which is an extremely unsatisfactory result. The reason is the
presumption of such methods that, once validated, they are used to classify datasets for which there
will be no validating values, and any user using this method must trust the final result. This is an
indicator that efforts should be directed to other methods that can discriminate the submitted
Chebyshev coefficients and can determine with great accuracy the EP belonging to one of the
classes (CO or C1). For this and in the following parts of this chapter, the results of the application
of methods related to Artificial Intelligence algorithms are discussed, which aim to achieve high
classification accuracy and provide the possibility of confidence in their final results. For this
purpose, an exploratory analysis of the Chebyshev coefficients was carried out, the first step of
which was a descriptive analysis of the input data. For this purpose, the data from Group III,
containing both classes C0O and C1, were selected. Their choice is justified due to the amount of
case studies that the set contains. For a more comprehensive analysis, all calculated coefficients
of the Chebyshev polynomials are included. Besides a statistical analysis of the coefficients, it is
also necessary to analyze the correlation between the individual coefficients (Figure 3.11.).
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Figure 3.11. Correlation matrix of coefficients

The conclusions that follow from the presented matrix are: The coefficients with a lower
rank (up to CO8) have the greatest influence on the EP class (represented with the general name
TrueHazard); The highest correlation between the coefficients is found internally in the two groups
(even and odd), but this is expected, since it is one of the main characteristics of Chebyshev
polynomials; C4 has the largest positive correlation in relation to CO or C1; The biggest negative
correlation is between C0O and C4. The comparability of the distribution of all coefficients between
them is visualized with a figure in pairs (Figure 3.12.), but since it is very large for all coefficients,
only the first six coefficients are presented.
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Figure 3.12. Pairwise distributions of the Chebyshev coefficients relative to profile
classes C0 and C1

It is noteworthy that the values of the coefficients overlap regardless of the EP class. In
order to more thoroughly clarify the situation with the input data and to be able to choose a suitable
classification algorithm, the main components were also analyzed, with the result of which only
the most important and influencing coefficients were separated (Figure 3.14.). EP class C3 is also
included in this analysis.
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Figure 3.14. Importance of components according to the variance of their values.

Given that as a result of the applied analysis of the principal components and their sorting
by importance, no clearly expressed principal components were found to distinguish the main
Chebyshev coefficients. Therefore, in the following applications, only the odd or all coefficients
are used to visualize the models based on the artificial intelligence algorithms.

To visualize the results of a Random Forest algorithm, multiple iterations are made to
define the optimal parameters to produce the best results. In the following parts, only the most
successful ones are presented. As with other applications, two models are trained with the
algorithms according to the type of classification - binary (only for EP class CO and Cl1) or
multiclass (C1, C2 and C3). As a set of data, those of Group II and III were used, but since the use
of the data of Group II did not allow us to obtain satisfactory results, they were excluded, and for
this reason the results for them are not discussed, only those for Group III. To define a Random
Forest model, after optimization iterations, the following parameters were reached: Number of
estimators ("trees in the forest") - 10,000; Maximum tree depth — 1,000; Minimum number of splits
— 10; Criterion — entropy; Out-of-the-Bag — Yes. The split ratio of the input dataset into training
and testing is 70:30. Accordingly, the reported error matrices with the training and test set based
on the binary classification are shown in Tables 3.4. and 3.5.
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Table 3.4.
Error matrix — training

Marpuna Ha Balanced
it KO | K1 |Accuracy Precision|Recall| F1
TpelKHTe Accuracy
KO 1762| 14 0.99 0.99 0.99 0.99 |0.99
K1 15 |1760
Table 3.5.
Error matrix — testing
Marpuna Ha Balanced
pant KO | K1 |Accuracy Precision|Recall| F1
TpelIKHTe Accuracy
K0 394 | 49 87.00 0.87 0.89 0.85 |0.87
K1 69 | 375

The analysis of the results thus obtained gives grounds for the statement that the model is
trained very well and knows how to recognize and classify EPs in the correct classes. On the other
hand, with the application of the test data set, the results slightly deteriorate, which is generally
normal, but the difference between the two results seems slightly larger, which suggests an
"overfitting" of the training data and difficulty in classifying unseen to now EPs.

When testing based on multi-class classification, the error matrices are shown in Tables

3.6 and 3.7.
Table 3.6.
Error matrix — training

Marpma ma| oo | 1 | K2 | Precision| Recall| F1 | DAanced
IPemIKuTE Accuracy
KO0 1732 22 22 0.94 0.98 |0.96
K1 66 1679 31 0.97 0.95 |0.96 0.96
K2 46 35 1694 0.97 0.95 |0.96

Table 3.7.
Error matrix — testing

Marpuna ma | o | 1 | K2 | Precision|Recall| F1 | A2¢ed
rPelIKHTe Accuracy
KO 356 62 25 0.80 0.80 |0.80
K1 75 272 97 0.63 0.61 |0.61 0.72
K2 16 97 331 0.73 0.75 |0.74

Similar to binary classification, multiclass classification also shows very good results with
class recognition during the training period, even with minor errors. But problems occur in the
testing process when the belonging class of some new EP needs to be predicted. In order to
overcome the indicated gaps of the two classification variants, the algorithms for Artificial Neural
Networks have been applied.

When using the algorithms of Artificial Neural Networks, two models are also trained
according to the type of classification - binary (only for CO and C1 EP classes) or multiclass (C1,
C2 and C3 EP classes). Group II and III were used as the data set, and similar to the previous
model, the use of Group II data did not lead to satisfactory results, and therefore no results were
included for them. The results discussed are for Group III only. To define a Multi-layer Perceptron
Networks model, after optimization iterations, the following parameters were reached: Number of
neural layers — 7; Neurons according to layers - 2056,1028,512,256,128,64,32; Activation function
— ReLu; Maximum number of iterations — 1,000; Criterion — entropy; Learning rate - adaptive.
The ratio for splitting the input data set into training and testing is 70:30. The visualization is
shown in Fig. 3.15.
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Figure 3.15. Scaled model of selected neural network (x 0.1)

The results of binary classification error testing are shown in Tables 3.8. and 3.9.
Table 3.8.

Error matrix — training

Matpuna Ha Balanced .
P KO | K1 |Accuracy Precision |Recall| F1
TpelIKHTe Accuracy
KO0 1549 227
87.00 0.87 0.87 0.87 |0.87
K1 239 1537
Table 3.9.
Error matrix — testing
Marpuana Ha Balanced .
P KO | K1 |Accuracy Precision |Recall| F1
TpemKHTe Accuracy
KO0 365 | 78
82.00 0.82 0.82 0.82 |0.82
K1 82 | 362

With the resulting classification from MLP, it can be seen that the model is very stable
compared to Random Forest. Even if the results are slightly lower than the previous model, MLP
manages to better classify the test data.

The results of error testing — training and testing, based on multi-class classification, are
shown in Tables 3.10 and 3.11.

Multi-class classification
Table 3.10.
Error matrix — training

Marpmia B3| o | 1 | K2 | Precision| Recall| F1 | DAianced
TPelIKHTE Accuracy
KO 1701 63 12 0.94 0.96 |0.95
K1 82 1614 80 0.87 0.91 |0.89 0.92
K2 36 181 1558 0.94 0.88 |0.91

Table 3.11.
Error matrix — testing

Marpmua wa| oo | 1 | K2 | Precision| Recall| F1 | DAanced
IPemIKuTE Accuracy
KO0 357 75 11 0.79 0.81 |0.80
K1 73 295 76 0.58 0.66 |0.62 0.70
K2 23 139 282 0.76 0.64 |0.69

The data indicate that the multi-class processing model exhibits clear characteristics of a
model that "overfits" the training data and cannot handle new cases. In this case, the difference

between the precision is more than 20%.
Group III dataset with all three classes (KO, K1 and K2) were used in the application of
deep learning algorithm, as these models have been proven with their high success rate.
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Establishing a Deep Learning-type model is not as straightforward as the previous ones, since they
can structure different types of neural networks and, in addition, the defining parameters are much
more. This is the reason to focus on the model with the best success rate. The design used contains
four hidden “dense” layers with 256,32,32 and 3 neurons respectively. Before the hidden layers
there is one whose purpose is to normalize the input data. After each hidden layer, a ReLu
activation function is placed, the last one being softmax.

The results of training the model using the training data set (70% of the entire set) are

shown in Table 3.12.
Table 3.12.
Error matrix — training

Matpuma wa | o | 1 | Ko |Precision| Recall| F1 |2A20¢ed
I'penIKuTE ACC“I'HCV
KO 1462 39 6 0.94 0.97 |0.95
K1 84 1354 42 0.94 0.91 |0.93 0.95
K2 9 41 1425 0.97 0.97 |0.97

The error matrix from the test run with the remaining 30% of the data set can be traced
from Table 3.13.

Table 3.13.
Error matrix — testing
MATpiIa M2 | o | gy | K2 |Precision|Recall| Fi | or2need
IPeHIKHTe Accuracy
KO0 663 44 6 0.91 0.93 |0.92
K1 59 629 52 0.87 0.85 |0.86 0.90
K2 10 49 686 0.92 0.92 |0.92

The conclusion is that the use of the variant of the deep learning algorithms leads to the
optimal results of those applied so far. The training results show that the model has "learned" the
differences between the different classes to a high degree, but the main thing is visible in Table
3.13. It shows that this version of the model, in addition to being well trained, is able to determine
with great accuracy the class of input data that has not been used in the model so far. Due to the
very good performance of the deep learning model, it is accepted as the final one that can be used
for "production", i.e. to be used to classify craters for the purpose of mapping and completing an
inventory map. To this end, a final iteration was made to classify the Group III data and the results
were used to construct a map. The final error matrix is presented in Table 3.14.

Table 3.14.
Error matrix — Group III
Marpuua ma) o | | K2 | Precision|Recall| F1 | BAA0ced
IPelIKHTE Accuracy
KO 2125 83 12 0.93 0.96 |0.94
K1 143 1983 84 0.92 0.89 |0.91 0.93
K2 19 90 2111 0.95 0.95 |0.95

It makes sense that the metric values here are averaged and higher than the test ones
because the training data is also included. On this basis, the next step is to connect the source data
to the geo-referenced locations of the VP and to compile the map, on which basis the software
solution is developed.

The final software solution has seven main steps that are developed as separate scripts. The
entire structure of the software solution is depicted diagrammatically in Figure 3.17. A separate
element represents a specially developed software solution in the Python environment, apart from
those with mentioned names of the libraries used. Based on the developed software solution in the
Python environment, the appearance of the inventory map of landslides in the lunar craters
obtained by us through Deep Learning is shown in Fig. 3.18 in ready finished form.
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Figure 3.17. Structure of the software solution
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Figure 3.18. An inventory map of landslides in lunar craters
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CONCLUSIONS FROM CHAPTER THREE.

1. The choice of machine learning models (supervised or unsupervised) used for
classification or regression allow the processing of a huge data set, the development of complex
models with multiple parameters and the achievement of highly accurate final results.

2. The adapted three models for guided machine learning (Random Forest based on the
principle of "decision trees", where the final result is based on the decisions of all modelled trees
(majority principle) and the two based on artificial neural networks - multilayer perceptron
networks and deep neural networks) allow overcoming the lack of high precision for the
classification of height profiles according to the presence or not of a landslide body of the
previously proposed adaptive and fixed threshold criteria.

3. To validate the classification models, a methodology based on the metrics that allow
balanced accuracy is proposed. Since terrains affected by landslide processes are spatially rare
compared to terrains that are not affected by landslides. Thus, the proposed balanced precision is
not affected by the unbalanced effect of the input data.

4. The created machine learning models are based on the used elevation profiles from
Group III, and for each algorithm (Random Forest, multilayer perceptron networks and deep neural
networks) one model was compiled for binary (CO and C1 EP classes) and multiclass (C0O, C1 and
C2 EP classes) classification.

5. The results when applying a "decision trees" type model show very high and satisfactory
values of the evaluation metrics, but the large difference between the metric values of the training
and test phase shows that the model tends to "overfit" the training data and when classifying new
data creates difficulties for precision and efficiency of results.

6. 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
"overfit" of the models.

7. The created model 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 its application to prepare an inventory map of landslides in lunar craters.

GENERAL CONCLUSIONS.

1. The researched legislative and regulatory framework of the Republic of Bulgaria and the
European Union, regulating the characteristics, methods and regulations for determining critical
infrastructure on Earth, was used as a basis for the study of outer space and their adaptation to
other planets.

2. On the basis of determining the factors for potential critical infrastructure on Earth, the
lunar surface has been studied and analogous system categorizations have been proposed,
correspondingly, potential landslide processes on the Moon threatening their functioning have also
been studied, which differ in triggering factors, such as meteorite collisions and moonquakes are
important.

3. The variety and degree of landslide processes necessitates the application of appropriate
methodology for recognition, mapping and preparation of a comprehensive lunar inventory of
landslides.

4. Chebyshev polynomials were used for the interpolation of the cross-section profiles of
the lunar crater, which, due to their orthogonal properties and low approximation error, allow
obtaining a parametric characteristic as a basis for classifying different morphological forms.

5. The application of the polynomial approximation by the Chebyshev polynomials allows
the calculation of the transverse profiles of the lunar crater based on statistical tests of the results
obtained during the calculation by the method of least squares. The presence of landslides in lunar
craters was investigated by analyzing the contribution of the odd coefficients of the estimated
Chebyshev polynomials, which represent the asymmetric component of the cross-section. In the
case of a landslide in a impact crater, the original shape of the crater is modified by adding an
asymmetric component.
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6. Based on testing on 51 craters, a method for recognition of landslides in craters was
applied, and the proposed threshold criteria for determining asymmetric shape lead to a high
percentage of unrecognized symmetric profiles. For this reason, extended testing was done on a
new set of craters (895) to determine a more robust threshold criterion to allow the two classes of
height profiles to be correctly defined.

7. The results of the extended application of an adaptive and fixed threshold criterion do
not allow for the decisive determination of a threshold value for unchanged profiles, which
necessitated the creation of models for determining non-linear threshold values by means of
"artificial intelligence" type algorithms for machine learning.

8. Three types of machine learning algorithms have been implemented - one based on the
principle of decision trees ("Random Forest") and two on the principle of artificial neural networks
(Multilayer Perceptron Networks MPM and Deep Neural Network), which show very high
classification values after the training phase.

9. The created model of the principle of deep neural networks, with established close
differences in accuracy metrics between the training and testing phases, was used to prepare a
landslide inventory map in the selected lunar region (-90°E to 0°, 60°N to - 60°S).

10. The classification of elevation profiles into only two classes ("with landslide" and
"without landslide") is supplemented by a third class of "deformed" height craters.

CONCLUSION:

The moon is the closest cosmic body, which provokes the interest of scientists for
numerous observations and studies. This interest is also strengthened by the development of
satellite and information technologies, allowing the provision of a huge amount of geospatial data,
necessary for numerous scientific studies of a different nature. Space agencies continue to develop
various space missions to build permanent lunar bases for scientific research and mineral mining.
In parallel with this, the lunar surface is exposed to a high risk of destructive processes, which
necessitates their preliminary extensive study with countermeasures and protective systems.
Among these destructive processes taking place on the lunar surface, the specific landslide
processes that form in the cavities of meteorite craters stand out. This is the reason why the present
work focuses on these specific geological processes on the lunar surface, creating a scientific and
scientific-applied methodology for their detection, mapping and inventory.

Despite numerous plans and analyses of necessary infrastructure to maintain favourable
conditions for a permanent human presence on the lunar surface, no clearly defined concept of
critical infrastructure on the Moon has been established to date. Primarily, different studies have a
different focus on the functioning of such structures. In support of filling this scientific deficit is
the current dissertation, which presents a methodology for exploratory analysis for the definition
of critical infrastructure on Earth according to the existing regulatory framework, on the basis of
which the main principles and characteristics are adapted to the outlined potential infrastructures
of the Moon.

The proposed methodology for identifying landslide bodies in impact craters is sufficient
to make a complete inventory of the lunar surface, which in turn creates opportunities for
additional analyzes to map the susceptibility of the lunar surface to landslides. This is only the
initial step in determining the risk zones on the Moon, which is of utmost importance in the
planning and deployment of critical infrastructure for future human bases, as disrupting the
integrity or functionality of just one could endanger the health and life of every human being on
the Moon. Thus, the proposed adaptation of the methodology would be useful from another aspect
- the determination of the boundaries of the landslide body and its dimensions and volume.
However, it cannot be used to precisely determine the location of the landslide body, because it
only shows that the elevation profile shows signs of asymmetry, but without specifying on which
side of the EP the deformation is. It is this limitation that can be the goal of future and subsequent
research, and one of the solutions to this problem can be the adaptation of the proposed models
(deep learning) on a spatial image, and not on a elevation profile as it is now.
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SCIENTIFIC AND SCIENTIFICLY APPLIED RESULTS AND CONTRIBUTIONS

Scientific:

1. The theoretical positions related to the conceptual framework and methodology for the
study of specific processes of the lunar space and the risks for the critical infrastructure of the
Moon are further developed.

2. The methodology based on Chebyshev polynomials for studying the specific landslide
processes and limiting their impact on the critical infrastructure of the Moon has been enriched.

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

Scientific and applied:

1. A model based on the principle of decision trees ("Random Forest") algorithm is
proposed for the recognition and limitation of landslide processes on the lunar surface.

2. A model has been developed 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 character of "overfitting".

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