CTAHOBUIIE

Ot npod. a-p Huxudop CredaHoB OTHOCHO AHMCEpPTAMOHEH TPYA 3a
MoJlyuyaBaHe Ha Hay4Ha U 00pa3oBaTeIHa CTEMEH ,,JOKTOP B 00JaCT Ha BUCIIETO
oOpazoBanue 9. CurypHoct u otOpaHa, npodecuoHanHO HampasieHue 9.1.
Hanuonanna curypHocT, MO Hay4HaTta cHequaiHocT ,,OpraHuzanus W
yhOpaBlieHHE H3BBH cepaTa Ha MaTEpUATHOTO MPOU3BOJACTBO (HALMOHAIIHA
CUTYpPHOCT)"

ABTOp Ha qucepranuoHHus TpyA: Bacun Cunsues flopnaHOB

Tema Ha nucepranuonHus Tpya: Mscnenpane Ha cnenuduyHU MPOIECH 3a
orpaHUYaBaHe Ha BB3JICUCTBUITA BbPXY KpUTHUYHATA HHPPACTPYKTYpa

1. AKTyaJlHOCT Ha pa3pa0oTBaHMs B JUCEPTAIIMOHHNS TPy Npol.JieM B
HAYYHO ¥ HAYYHO NMPUWJIOKHO OTHOLIEHHE.

AKTyaJIHOCTTa Ha AUCEPTAMOHHUA TpyJ Ha JOKTOpaHTa WHXK. Bacun
MopnanoB ce ocHoBaBa Ha (akra, ye JIyHaTa, KaTo Hail-GIM3KOTO KOCMHYECKO
TAJI0, € Hall-IOCThITHA 33 MPOYYBAHE U YTBBPKIABAHE HA HEOOXOIUMUTE CUCTEMHU
U TEXHOJIOTHMHU 3a YOBEHIKA 0a3W M 3a YCTaHOBSBAaHE HA TMOCTOSHHO YOBEIIKO
MPUCHCTBUE.

HayunusT npoOnemM Ha mpencTaBeHus 3a CTAHOBUIIE TUCEPTAIMOHEH TPY/T
Kacae BIUSHUETO Ha CIIEHU(PUYHH TPOLECH 3a OTPaHUYaBaHE HA Bb3/ICHCTBUATA
BHPXY NMOTEHIIMAIHATa HHppacTpykTypa Ha JIlyHata. B ocHoBara Ha nmpobiemMa e
IPOTUBOPEUYUETO MEXKAY TEOPETUYHOTO OCMUCISIHE Ha HAydyHU (akTH U
W3CJICIBAHUS, U HAJTMYUETO HAa KOH(MJIMKTHU U 3aTPyIHEHUS, MPOSIBEHU B X0Jla HA
MPWIOKUMATa METOJMKA 32 U3CJIC/IBAHE HAa CIECIM(PUYHHU CBIAYUIIHU MPOIECH
BbB BUPTYAJIHA CPE/IA.

Kpaitnute pesynraTd B AMCEPTALMOHHOTO H3CIICJBAHE 1€ IOBHUIIAT
CTENEeHTa Ha pa3pabOTEeHOCT Ha HAYYHHUSI MPOOJIEM.

2. O0ma xapaKkTepucTUKa

I[HCCpTaHI/IOHHI/I}IT Tpya €€ CbCTOU OT YBOI, TpHU IJIaBU CbC CBOTBCTHHUTC
H3BOIU KBM TiIX, O6H_II/I HU3BOJAH, 3aKIIOUYCHHEC, CIIMCBhK Ha H3IIOJI3BAHUTC
ChbKpalll€H1A, CIIMCHK C U3IIOJI3BaHATa JIMTCPATypa U CIIMCHK Ha IIPUTTOKCHUATA.



B mBbpBa rI1aBa JIOKTOPaHTHT HMHXK. Bacun MHopmaHoB mpoBexnia
TEOpeTU4eH 0030p Ha TOJSIMO KOJHUYECTBO CHOpaH eMIepUYeH Marepuan 3a
KpUTUYHATa MH(PACTPYKTypa U CTUTA J0 U3BOJA ,4€ TEPMUHOJIOTHITA Kacaella
KpUTHYHAaTa WHQPACTPYKTypa MOXE Ja C€ MPEXBbPJIM OT HAIMOHAIHO Ha
MEXAYHApOJHO HUBO M Jla C€ MPUCIIOCOOM KbM OCHOBHUTE MPUHIMIHN Ha
KpUTUYHATa UHPPACTPYKTYpa 3a IPYro KOCMUUYECKO TSJI0 OT 3eMeH Tur. Ha tazu
OCHOBA JJOKTOPAHTHT Je(hUHUPA U pa3rpaHUdaBa MeT OCHOBHU HHPPACTPYKTYPHH
cekropa. Chmmre MoraT jAa ObJaT pas3MIekKJaHH KAaTo HEoOXOAUMHU 3a
CBILIECTBYBAHETO U (PYHKIIMOHUPAHETO HA MOCTOSHHA 0a3a Mo MOBBPXHOCTTA Ha
JlyHara, rapaHTHpania noJICUrypsiBaHETO Ha CaMOIIOJIbPKAIIIO €€, yCTOWYUBO U
MOCTOSIHHO YOBEIIKO MPUCHCTBUE. JJIOKTOPAHTHT ONpe/Ieis U HEOOXOUMOCTTA OT
Ch3J]aBAHETO HA HAYYHO OOOCHOBAHA M MPAKTUYHO MPHUIIOKMMA METOJOJIOTHS 32
TAXHOTO 3acHyaHe, KaprorpadupaHe, WHBEHTAPU3UpPAHE U HU3TPAXKJAaHE Ha
IPOTUBOAECHCTBRAIIN U MPENA3BAIIN CUCTEMHU.

BbB BTOpa TIJIaBa JOKTOPAHTBT MHX. VIOpJAaHOB pelaBa BTOpA
Hay4YHOU3CIIEIOBATEICKA 3aJa4ya, KaTo HM3y4yaBa W OLIEHSIBAa METOJOJIOTHS 3a
OrpaHM4aBaHe HA CBJIAYMIIHUTE IPOLECH Ha TYHHATA TOBBPXHOCT U MPUIIOKUMH
copryepuu pemeHus. 3a uzOpanutre 895 Kparepa C Bapupall AUAMETHD €
M3M0J3BaHO allPOKCUMUPAHE C MOJMHOMUTE Ha YeOuies.

B Xola Ha M3CIEIOBATENCKHS IIPOLEC JOKTOPAHTHT HHXK. MopaaHOB
ycrenrHo u3nomissa codpryepu ¢ otBopeH ko (COK), upes nmogaBaHe Ha BXOASIIN
nauuu - Hudpos Enesannonen Mogen (u3non3san e WACGLD100) u kpwsrosa
¢dopma Ha KpaTepa BbB BEKTOPEH TreomnpocTpaHcTBeH ¢opmart. [pennoxenn ca
penieHus, KOMTO Ja MO3BOJISIBAT CH3/1aBAaHETO HA PA3IMYHU BUIOBE MOJIETHU 3a
MaIIMHHO OOYyYEeHHE U OMpE/eNisHe Ha MPUHAJICKHOCTTA HA €IUH BHUCOUYMHEH
npodua KbM HSIKOHM OT CIETHUTE TPH Kiaca — 0€3 CBIAYHUIIE, ChC CBIAUHUIIE WU

nehopMupaH.

B Tpera riaBa HayyHUTE THPCEHUsI Ha JOKTOPAHTa ca HACOYCHU KbM
NpEeACTaBSIHE Ha BB3MOXKHOCTH 3a YCHBBPIICHCTBAHE HA METOAOJIOTHSTA 32
W3CJIeIBaHE U OTpaHUYaBaHE HA CBIAYUIITHUTE MPOIIECH Ha JIYHHATA TOBBPXHOCT,
MOCPEACTBOM AJTOPUTMUTE HA M3KYCTBEHHUS! MHTEJIEKT, HA BB3JCHCTBUETO UM
BHPXY KpuTuuHaTa uHPpactpykrypa Ha JlyHata. B xona Ha u3cnenBaHeTo HHK.
HMopnaHos ompeness TpU THIA aITOPUTMHU 33 MAIIMHHO oOyueHue. ChIIUTe ca
0a3vpaHu Ha MPUHIIMIA HA JbPBETA 3a B3eMaHe Ha pemienue (,,Ciayyaitna ropa®)
Y Ha MPUHIMIIA HAa U3KYCTBEHW HEBPOHHU MpPEeXH (MHOrocCioWHU mepuenTpoH
Mpexu MIIM u 1pn6oka HEBpOHHA MpeXka), KOUTO MOKa3BaT BUCOKH CTOWHOCTH
Ha Kiacudukanus cien ooyuutennara dasa. [Ipeninoxken e Mojen Ha TPUHIIUIA
Ha JTBbJIOOKU HEBPOHHU MPEXKH, IIPU YCTAHOBEHU OJIM3KU PA3JIMKU B METPUKUTE 32



aKypaTHOCT MEX 1y OOy4yHuTeHATa U TECTOBATa, KOWTO U3M0JI3BA 33 U3TOTBSIHE Ha
CBJIAUMII[HA UHBEHTapHa KapTa B u30paH jyHeH paiioH (-90°E no 0°, 60°N no -
60°S). Kinacudumnupaneto Ha BUCOUMHHUTE NMPOGUIHU € TOMIBIHEHO C TPETH Kilac
,aepopmupanu® BucounHnu kpatepu. [locouenu ca Tpu agantupaHu Mojena 3a
PBHKOBOJICHO MAILIMHHO O0yUYEHHUE:

Random Forest 6asupan Ha mnpuHUIMOa Ha ,JbpBETa 3a B3EMaHE Ha
pelIeHus ", Ipyu KOWTO KpalHus pe3yaTaT € 0a3upaH Ha pEelICHHUATa HAa BCUUKU
MOJICJIMPaHU AbpBETa (IPUHIMIIA HA MHO3UHCTBOTO) U JIBa Mojiea 0asupaHu Ha
M3KYyCTBEHU HEBPOHHU MPEXH - MHOTOCJIOWHH MEPLUENTPOH MPEKU U IBIOOKH
HEBPOHHU MpEXKHU), MO3BOJSABALIM IPEOJOJIABAHETO Ha JIMIICaTa Ha BHCOKa
MPEU3HOCT 3a Kjacu(uKalus Ha BUCOUYMHHU MPOPUIN CHOPE] MPUCHCTBUETO
WIM HE HA CBJIAYUIIHO TSJIO.

3. CreneH Ha MO3HABAaHe CBHCTOSTHMETO Ha MPodJeMa W TBOPYECKA
HHTEpIpeTalus HA JUTEPATYPHUS MAaTepHal.

Ot CV u3BajkaTa Ha JOKTOpaHTa MHX. Bacui MopaaHoB e BHIHO, Ue mpes3
NOCJIEAHUTE TOAVHU € IPOBEKJal aKTMBHA HAYYHOM3CIEAOBaTeNICKa JEHHOCT,
karo yact oT GISGEOlab u uma B yuactue B npoektu Ha : GEOLMIV u
MHYCONOS (Kaprorpadbupane Ha XHUAPOJOTHYHHUS KOHTPOJ 3a TUIUTKH
cBiaunnia) — Kaprorpagupane Ha nopatiauBocTTa Ha cBiayuia, uype3d ['UC u
MammHHO oOyueHue u CIDMA (YmpaBineHue Ha O€ACTBHUS, NPUYMHEHH OT
U3MEHEHHEeTo Ha kiaumata B Adpuka) — Msrpaxnane Ha oOpa3oBaTelieH
KanaiuTeT 3a nogo0psiBaHe Ha OeACTBUsATA, yripaBieHue B Mo3zamOuk. Bucokara
CTENEH Ha M03HABaHE ChCTOSIHUETO HAa MPOOJIeMa M HACTOSIIIIaTa U3CIIeI0BaTEICKA
JIEMHOCT Ha JIOKTOpaHTa, My TIO3BOJIIBAT CBOOOJHO Ja  M3IMOJI3Ba
BHUCOKOCIIELMAJIM3UpaHa TEPMUHOJIOTHS, JIEKCMKa W  (Ppas3eosorus, KOSTO
JONPUHACA 3a TOYHOTO M aJIEKBATHOTO NPEJACTABSHE HAa HAYYHUTE IOHSTHS,
aKTyaJlHOCTTa M JOCTOBEPHOCTTA Ha Marepuaia, BbpPXy KOWTO ca MOCTPOCHH
T€3aTa, U3CJICOBATEIICKUTE 33Ja4l U PUHOCUTE Ha TUCEPTALMOHHUS TPYA.

4. IlpuHoCH HA JMCEPTANMOHHUA TPYI

TIpuemaM Npe/IoKeHNTE OT TOKTOpaHTa HHX. Bacun MopnaHos HaydHu 1
Hay4HO MPUJIOKHU MPUHOCH. Te ca pe3ysITaTr OT NPUTEKABAHUTE OT HETO YMEHUS
Ja peuiaBa M MPEONOJisiBa KPUTUYHM MpoOjJeMu B oO0jacTTa Ha HAYyYHOTO
U3Cclie/[BaHe, Jla pa3BMBa MHOBATHBHU pEIICHUS U Ja MOJ00psBa CTaHIAPTHU
MOJENH U MOJIXOH.

OreHsiBaM MPEUIOKEHUS OT aBTOPHT OPUTHHAJICH IMOIXO] 33 Ch3AaBaHETO
Ha Mojel, 6azupan Ha anroputmu 3a M3kyctBenn HeBponnu Mpexu - [[p100ko
obyuenue (Deep Learning), kaTo 3HAUMMO MOCTHXKEHHUE C MPUIIOKEH XapaKTep.



MogensT nma 3aimuTIMa yCeBaeMocCT IPYU pa3KpUBAHE HA CBIIAYUIIHY ITPOLIECH
Ha JIyHHaTa NOBBPXHOCT M JOKa3aHAa TOYHOCT U ONTHUMAIHOCT 32 YCTAHOBSBAHE
Ha Kjlaca Ha nojaneHute AaHHu. Ha Ta3u ocHoBa e m3paborena u MHBeHTapHa
KapTa Ha CBJIAYMIIATA B JIJYHHUTE KPaTEPH.

5. OueHka Ha MyOJIMKAIMUTE 10 JUCEPTANUATA

JlucepTallMOHHUS TPy € MOAKPENEH ¢ MeT MyOiIuKaluu JeKIapupaHu OT
JIOKTOpaHTa. B 4eTHpH OT TAX JJOKTOPaHTBT HHXK. VIOPJIaHOB € ChaBTOp U CaMo B
€lIHa € EIMHCTBEH aBTOp. TpH OT MOCOYEHUTE MyOJMKAIMU ca TPHETH U
nyOnukyBaHu B pedepupaHu H3JaHus, a JBe B Hepedepupanu. Bcuuku
nyOJIMKaIMU ca MPSIKO CBBP3aHU C TeMaTa Ha AUCepTalMOHHUS Tpya. Hsmam
JAHHU 3a TOBA JaJIU T€ ca IUTUPAHU OT APYTH aBTOPH.

6. Boripocu, 3a0e/1e:KKHM U IPeNOPbKH

[IpenopbpkuTe MU KbM JOKTOPAHTA KAacasT HACOKUTE 3a MO-HAaTaThITHATA MY
Hay4YHa JEMHOCT M HEOOXOJMMOCTTa OT CaMOaHalIW3 Ha KadecTBOTO H
KOJIMYECTBOTO HA MOJIYYEHUTE PE3YATAaTU U puHOCcU. OCHOBHATa MU MPENOPHKa
€ J1a ce u30sArBa ONMMCATENHUS XapaKTep Ha MpPOOJIEMHUTE W 3HAYUTEITHO Ja Ce
yYBEJIMYM OlEHbYHATA U aHAJIMTUYHA UM YaCT.

3ak/IroueHue

[IpencraBenata pabora uMa o0eM M Ka4ecTBO Ha JUCEPTALIMOHEH TPYI 3a
MPUCHXKJIaHEe Ha OOpa3oBaTeIHaTa U Hay4yHa CTEMEH ,,JOKTOP* U ChOTBETCTBA HA
M3MCKBaHMATA Ha 3aKOH 3a pa3BUTHE Ha aKaJeMUYHUSA ChCTaB B PemyOimka
bbearapus u npaBUITHUKA 32 HETOBOTO MPUIIOKEHUE.

JlaBaM MOJIOKMTETHA OIIEHKA HA JUCEPTAIIMOHHUS TPY U MPETOpPbUBaM Ha
YBa)KaeMOTO HAYYHO KypH Ja NMPHUCHIX Ha MHK. Bacun CuisueB MopnaHos
oOpasoBareniHa ¥ Hay4Ha CTEIEH ,,,IOKTOP** B 00J1aCT Ha BUCIIETO 0Opa3oBaHue 9.
CurypHoct u otOpaHa, npodecnoHanHo HampaBieHue 9.1 HanuonanHa
CUTYPHOCT, 10 HAay4HaTa CIECHHATHOCT ,,OpraHM3aius W YIPaBJICHUE H3BHH
cdepaTa Ha MATEPUATTHOTO MTPOU3BOACTBO (HAIIMOHATHA CUTYPHOCT) .

JlaTta Iommuc:......cccovvvvviian....

06.08.2022 . / mpod. n-p Huxudop Credanosn/



STANDPOINT

by Prof. Dr. Nikifor Stefanov regarding a dissertation for obtaining a
scientific and educational degree "doctor" in the field of higher education 9.
Security and defense, professional field 9.1. National security, in the scientific
specialty "Organization and management outside the field of material production
(national security)"

Author of the dissertation: Vasil Silviev Yordanov

Dissertation Topic: Investigating Specific Processes for Limiting the
Impacts on Critical Infrastructure

1. Relevance of the researched problem in scientific and scientific
applied terms.

The relevance of the dissertation work of the doctoral student Vasil
Yordanov is based on the fact that the Moon, as the closest cosmic body, is most
accessible for research and set up of the necessary systems and technologies for
human bases and for the establishment of a permanent human presence.

The scientific problem of the thesis presented for opinion concerns the
influence of specific processes to limit the impacts on the potential infrastructure
of the Moon. The basis of the problem is the contradiction between the theoretical
understanding of scientific facts and research, and 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 final results in the dissertation research will increase the degree of
elaboration of the scientific problem.

2. General characteristics

The dissertation consists of an introduction, three chapters with
corresponding conclusions to them, general conclusions, conclusion, list of
abbreviations used, list of literature used and list of appendices.



In the first chapter, the doctoral student Eng. Vasil Yordanov conducts a
theoretical review of a large amount of collected empirical material on critical
infrastructure and comes to the conclusion that the terminology concerning
critical infrastructure can be transferred from the national to the international level
and adapted to the basic principles of critical infrastructure for another terrestrial-
type cosmic body. On this basis, the PhD student defines and distinguishes five
main infrastructure sectors. They can be seen as necessary for the existence and
functioning of a permanent base on the surface of the Moon, guaranteeing the
provision of a self-sustaining, sustainable and permanent human presence. The
doctoral student also determines the need for the creation of a scientifically based
and practically applicable methodology for their detection, mapping, inventory
and construction of counteracting and protective systems.

In the second chapter, the doctoral student Eng. Yordanov solves a second
research task by studying and evaluating a methodology for limiting landslide
processes on the lunar surface and applicable software solutions. Approximation
with Chebyshev polynomials was used for the selected 895 craters with varying
diameter.

In the course of the research process, the doctoral student Eng. Yordanov
successfully used open source software (OSS) by submitting input data - Digital
Elevation Model (WACGLD100 used) and circular shape of the crater in vector
geospatial format. Solutions have been proposed to allow the creation of different
types of machine learning models and the determination of whether an elevation
profile belongs to one of the following three classes — no landslide, landslide or
deformed.

In the third chapter, the doctoral student's scientific research is aimed at
presenting opportunities for improving the methodology for studying and limiting
landslide processes on the lunar surface, by means of artificial intelligence
algorithms, of their impact on the critical infrastructure of the Moon. In the course
of the research, Eng Yordanov defined three types of algorithms for machine
learning. They are based on the principle of decision trees (*Random Forest") and
on the principle of artificial neural networks (Multilayer Perceptron Networks
MPM and Deep Neural Network), which show high classification values after the
training phase. A model based on the principle of deep neural networks is
proposed, with close differences in the accuracy metrics between the training and
the test, which is used to prepare a landslide inventory map in a selected lunar
region (-90°E to 0°, 60°N to -60 °S). The classification of the elevation profiles is
complemented with a third class of "deformed" elevation craters. The following
(three) adapted models for supervised machine learning are being indicated:



- Random Forest based on the principle of "decision trees"”, where the final
result is based on the decisions of all modeled trees (majority principle), and - two
models based on artificial neural networks - multilayer perceptron networks and
deep neural networks) allowing to overcome the lack of high precision for the
classification of height profiles according to the presence or not of a landslide
body.

3. Degree of knowledge of the state of the problem and creative
interpretation of the literary material.

It is evident from the CV sample of the PhD student Eng. Vasil Yordanov
that in recent years he has carried out active research as part of GISGEOIab and
is involved in projects of: GEOLMIV and MHYCONOS (Mapping of
hydrological control for shallow landslides) - Susceptibility mapping of
landslides, through GIS and machine learning and CIDMA (Climate Change
Disaster Management in Africa) — Building educational capacity to improve
disaster management in Mozambique. The high degree of knowledge of the state
of the problem and the current research activity of the doctoral student allow him
to freely use highly specialized terminology, vocabulary and phraseology. This
contributes to the accurate and adequate presentation of scientific concepts as well
as the relevance and reliability of the material on which the thesis, the research
tasks and the contributions of the dissertation work are built.

4. Dissertation Contributions.

| accept the scientific and scientific applied contributions proposed by the
doctoral student Eng. Vasil Yordanov. They are the result of his skills in solving
and overcoming critical problems in the field of scientific research, developing
innovative solutions and improving standard models and approaches.

| acknowledge the original approach proposed by the author for the creation
of a model based on algorithms for Artificial Neural Networks - Deep Learning
as a significant achievement of an applied nature. The model has a defensible
success rate in detecting landslide processes on the lunar surface and proven
accuracy and optimality for establishing the class of the input data. It also served
as a basis to prepare an Inventory map of the landslides in the lunar craters.

5. Evaluation of the publications on the dissertation

The dissertation work is supported by five publications declared by the
doctoral student. In four of them, the doctoral student Eng. Yordanov is a co-
author and in only one is the sole author. Three of the mentioned publications
were accepted and published in referred editions, and two in non-referred ones.



All publications are directly related to the topic of the dissertation work. | have
no record of whether they have been cited by other authors.

6. Questions, remarks and recommendations.

My recommendations to the doctoral student relate to his further scientific
activity and the need for self-analysis of the quality and quantity of the obtained
results and contributions. My main recommendation is to avoid the descriptive
nature of the problems and to significantly increase their evaluative and analytical
part.

Conclusion

The presented work has the volume and quality of a dissertation for awarding
the educational and scientific degree "doctor" and corresponds to the requirements
of the Law on the Development of the Academic Staff in Bulgaria and the
regulations for its application.

| give my positive assessment of the dissertation work and recommend to the
respected scientific jury to award Eng. Vasil Silviev Yordanov with the
educational and scientific degree "doctor" in the field of higher education 9.
Security and defense, professional direction 9.1 National security, in the scientific
specialty "Organization and management outside the sphere of material
production (national security) "

Date Signature:.....................
06.08.2022 [ Prof. Dr. Nikifor Stefanov/



